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CHAPTER 2

MERE=ATEREIZY R

A X — S AR A 5 0 THAR B IS o0 T A C Al C ++ 7. B2 Tk 2 THAY A
HE, MARHEBREEHCH C RN,

> BH
PEP 489 - Z|y Bty B 11k,

21 {#f C g C++ ¥ & Python
WIRRSH C, IIHTE) Python Py EARER R M. AT WA REH Python BLIZMAY =R, wDAE N
extension modules HeSZP: SEPLHT P BEXT S22 JHH C MEREM ARG R .

NT AEYNE, Python APT (W HIREFF St 1) €T —RIKE. RHASH, ATLATII Python iZ1T
I AR GEH R 7> %S Python ) APT AT DA I AE—A C PESCAF T "python. b SKICPFRAEN]

PR 9 5 7 U S R H R A RGE LR R & 2N 4

O #ik:

C ¥ J&$ 4545 CPython, ¥ EAIICIAAEH A Python SEH) E T AE. FERZAUHOLN, MiZ#hes C
PR, RO RAEE. 2540017, WRARRIROIAM T C PEsRZIA , ARBLZE B ctypes
B offi B, MARHACE C M. XERRAFIRE Python IGRE N C UG, F HAHB T %
BN C 4 A, %7 IAHEAF] Python SEHZ [A]. AT B i iy I AR AR

211 — M EEBF

IEFRATE H — P AL span (Monty Python 5 22 5z - Wi B #)...) I HLARZLA A B C 42 bR 4L
system()' ) Python 4 1. X/~ 4045 52— A A null 85 B 1) FAF 8 SHOFR Il — AN g 752
A PATE Python HPAURR 77 2R I bR £

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

!B P 1 B RAERRIERIE o5 HLT, ik LY — AN BT ELAE A 6
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IR E# A spammodule.c CfF. (4L, WR— DB spam, WXL E R C M
spammodule.c; APRX ML FIEHK, HM spammify, WXABERE ST AE Y spamnify .

c.)

SCPEARIHRI AT 2

#define PY SSIZE T CLEAN

#include <Python.h>

X2 Python APT (URAREE, ARAT LATEIX LGS IR i H ARFUSAL G B HERR) o

O #%ik:
HI T Python FTAE 252 XS REAE FERE R LB IR Sk SC PR TR TR X, DA 0 2 T
S Z BT, AR S22 4RSS Python . h,

#define PY_SSIZE_T_CLEAN #{H3EF5HH py_ssize_t WV Y{EHLE API FfUES int {#1 [ . & A Python
33 REATFTFRE, ERMGEEH T TS . 5S4 arg-parsing-string-and-buffers FRHLI% % (1) 4

N

.

All user-visible symbols defined by Python.h have a prefix of Py or Py, except those defined in standard header
files.

O s

For backward compatibility, Python . h includes several standard header files. C extensions should include the
standard headers that they use, and should not rely on these implicit includes. If using the limited C API version
3.13 or newer, the implicit includes are:

e <assert.h>
e <intrin.h> (on Windows)
e <inttypes.h>
e <limits.h>
e <math.h>
e <stdarg.h>
e <wchar.h>
e <sys/types.h> (if present)
If py_LIMITED_APT is not defined, or is set to version 3.12 or older, the headers below are also included:
e <ctype.h>
e <unistd.h> (on POSIX)
If py_LIMITED_APT is not defined, or is set to version 3.10 or older, the headers below are also included:
e <errno.h>
e <stdio.h>
e <stdlib.h>

e <string.h>

TNHEEIN C pRAEN YRR, i spam. system(string) BfMUBMN, GRATRG2FRIRAD:

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

(ZF 30

6 Chapter 2. RERB=FTHEIEY R
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(B L)

const char *command;
int sts;

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

sts = system(command) ;

return PyLong FromLong(sts);

}

ANEEMFESESIRNITE CENBIT, A "1s -1m) BIRLE4 C BB C REEZA P
SR, WA TR self Ml args

XHRLRGE PREL, self ZRHRTBBS R XTI IR MR [ % G551

args ZRUZAR1E)—1> Python [ tuple MR 4EN, HP S 24, WA wple TR — M SH. XL
SR AR Python X5 - BAEFATHY C s ECH 1 EN T 20 R HA L4 C (. Python API H1i)
% PyArg_ParseTuple () MESHERAIERFHAAN C(H. BB TR E R NS HERM
PABAFA# DA (AR C AE R2R AL, A1 RRS S R

PyArg_ParseTuple () TENTA SECENE 1EHHZ I H 2 RS 044 07 CHE A% 1 3 iy okl HLmsy, R el L (I
X)), HEESATESEHR R (). FEEL0FE, BaiibsseE s, SE0E R 50T AR IR
[ NULL (Bt 5 HLET L)

21.2 XFHERMFE

#A~ Python fERESR RGAH — MU N IRRR EEG]: M AN RBGEITRMET, BN 2S48 E AR &
TR Bl AEERE (BN -1 5K NuL $850) o B B ARAE R SRR S = AN b W%
H5EWEATE R vuLL, FEHARTES N EATZ sys.exc_info () FriR[EIf#) Python JGZHF AL 51 1) C X
WYl AR SRR sl m Rt . B AT T B R A el A s A T

Python AP H15E L1 — L s HOR BB X SR

% M 13k & PyErr_setstring(). H S Z
PyExc_ZeroDivisionError‘iiﬁfﬂgfﬁﬁz}i%f%%o C

FRERRT AT N R RIAE

F— A AR EEUE PyErr_SetFromErrno () , NERZ—PMRENSE, RENPESESLFHER errno
W, Bl R GEA /2 PyErr_SetObject () , WEHANSEL, 23N RE XN EHRE R RATTEMH
FH Py_INCREF () B I{E 3 5] HoAth bR B 28060 415 | L

YRATVAE L PyEre_Occurred () FEANGE MUBCIR MO0 T A N2 R BEHE 7588 o 0RFak o] 24 S 0 42
olCE AR B A S i AR 8] wULL. ARG R AN TR ] pyEre_Occurred () KR KA A &4
THER, PUMRBAZAEAGR HE A k.

by AN TN g AR B4 A T, I ) ELAR IR G UL B -1).
R RIAIHA pyEre_* B - K 3SHACE 20 ¢ WL T - ORI B L7 2430 o] — A s ke
TR E R, R R pyErr +, (RUGSHE — SRR L2 i R R IS 1
T FLECMESE] I Python REARHY £ 1R, & 2ot I M HIHUEFAO Python L2234k T i Python
TR S 2 1 AL B

(TEHLERE O AR S RERS T VR T FUE pyEr e BRBORST ORI B U B, IF HAEIX 2L 00
TR LAY . (FRHR IR — R, SRR, R RE SR KRG BB K RESUERE
2 TR A I )

RECEE 0 R — A SR eR SR P BB S, SRl AR A I A ] PyEre_Clear () RXHIAENTIR .
C USRI ] PyErr_Clear () HYME—1§ LI R E A RELRF AT R AL 5 R e T 2 A8 S8 4 il B ok AL PR
E (ARl b, SO BB A ) .

BRI malloc O WH LA R — D RE . malloc() (8 realloc () ) WY E 45U H & W ATH H
PyErr_NoMemory () ﬂéﬂi[]%&ﬁ%ﬂé%%ﬁio Eﬁ%iﬂT%%@Uﬁ%@ﬁ%ﬁ(ﬁﬂﬂﬂPyLong,FromLongW) )El%éiiéﬁﬁi]’,
FrAIE AR AR T H VI malloc O HIEAL.

SEEM R M C FAH. FEMR - BER
TR IR IR, i —> Python °F

21. {Ef C 5 C++ ¥'J& Python 7
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HEETER)Z, BT pyArg_ParseTuple () SFEZRYBISL, 12 I BEHCIR A A ok K000 A0 e R o] I B
LRI, MPA -1 FoRRM, AnfH] Unix REE0HH—H:.

g, MARIR [ — AR R R 2 B S B L R GEA R T 2018 WX R AT Py_XDECREF () BY
Py_DECREF () JHH)!

P PET] A MRS 53 58 A U TR 5 4F . BT A Python PN B 5 0 #A7 XF I U5 ) € Xk g, il
PyExc_zeroDivisionError, PRA DAE E MM EAT. MK, RNV LR HERFE R - A2
PyExc_TypeError F KR XM TLEFT I (W RN 7% PyExc_osError W) . WIRSHIIERA
A, PyArg_ParseTuple () BREUEHE 25K PyExc_TypeError. HIRARAE— S UNELATERSETE
Eﬂ?ﬁﬁﬁﬂ%fﬁﬁ%ﬁi}iﬁﬂﬁ%ﬁ#, mUﬁﬁfi{ffﬁ PyExc_ValueError,

ARATT DATE SCURAREBRAMUAT RO S 5 o A5 s A e ] B0 R AE ST TSk PR W] — S A SR x4

=:

[static PyObject *SpamError = NULL;

1

??ﬁﬁii%fi%iﬂﬂ@ Py_mod_exec @@iﬁ(spam_module_exec())Fﬁﬂﬁﬁﬁ PyErr_NewException () ﬂ%%ﬂﬁﬁ{h

=8

[SpamError = PyErr_NewException ("spam.error", NULL, NULL);

J

Since SpamError is a global variable, it will be overwritten every time the module is reinitialized, when the
Py_mod_exec function is called.

FER AT, AEBRATEX A FARFE 5] % tmportError SPH IR A I 1L:

static PyObject *SpamError = NULL;

static int
spam_module_exec (PyObject *m)
{
if (SpamError != NULL) {
PyErr_SetString (PyExc_ImportError,
"cannot initialize spam module more than once");
return -1;
}
SpamError = PyErr_NewException ("spam.error", NULL, NULL);
if (PyModule_ AddObjectRef (m, "SpamError", SpamError) < 0) {
return -1;

}

return 0;

}

static PyModuleDef_ Slot spam module_slots[] = {
{Py_mod_exec, spam_module_exec},
{0, NULL}

}i

static struct PyModuleDef spam module = {
.m_base = PyModuleDef HEAD_INIT,
.m_name = "spam",
.m_size = 0, // non-negative
.m_slots = spam_module_slots,

bi

PyMODINIT_FUNC
PyInit_spam(wvoid)
{
return PyModuleDef Init (&spam_module);

8 Chapter 2. FERE=H TR R
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HEHEEZRE2Y Python % BR°N spam.error, PyErr_NewException () BRAXA] DAG) & 32K N
Exception M) (BRAEE AT 55— 2K A 2 NULL), 40 bltin-exceptions H BT iR [ .

THHERE spamError AR T— AT HOEN FERWSI A XA N2 BT RE T RES P INS
FRASMAEE R, B RS A — X225 AR E A S8 E T, AT T3 spamError A —
AR PRE . WER R IO RS T8E, WEZ xR R C AL BE S S 80 O F% g ol AL TN 2 ZMY
BFFHT S0

TEHTET, HTRER%5 1 py_pECREF () W 2E K1Y, B Z7E Python f#RE#s XA}, 4 fmAr &
spamError WY Y IELIL M. B M7, ik, FATHLRERIEXER IR b i kA —
W

AFEGIFRS G718 PyMODINIT_FUNC A pREGR [ 2B FH 7 .

AFEY R PyErr_setstring () 5| K spam.error i, WIHFR:

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 @3 HF
[l B H T 0, AR R A A

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

return NULL;

WERAES RSN Z PG B BE R, ERFaR (o] NULL (R [ X SR FE 41 Y o B 46 R4 10) , X e T
PyArg_ParseTuple () BWEMFH . MEHMATIL N SN FAF S ES WIS W E R R command. X2
— R H BARA B e B m i P A (RBERRTE C i, A8 4 command I 24 4 I A b ]

°F const char *command).
T MBI UNIX RGEREL system () , GBS EUZNIA M Pyarg_ParseTuple () BUHAY:

[sts = system (command) ; J

FATHY spam.system() bR Z40 2 PA Python X ¢ iy JE 2 ik [B] sts 9 {H. X e i o 66 1] o6 %L

PyLonngromLong()ﬁ%ﬁiﬁgo

[return PyLong_FromLong (sts) ; ]

FEXAEOLT , SRR R , (X RGAAE Python e L) .

WMRAREG —DAREH HSE0 C BEL (BRI void WIREEL) , WIXT R ) Python pR 4R 9] None.
PR Zifl % A EYE (B2t Py_RETURN_NONE 223K SZIRAY)

Py_INCREF (Py_None) ;
return Py_None;

py_None Jef§5k Python X4 None AV C #4175, ‘Eig— N FIERY Python X4 A2 NuLL 85, W
ML, JEEAERZHE T SCh R ERE “H5iR”.

21. {Ef C 5 C++ ¥'J& Python 9
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2.1.4 ERFGERNIIGCERL

P B ) KRR WA Python 277 HH I ] spam_system () o 195, ATTHEFE “HEER” ol
B A FRAHhE:

static PyMethodDef spam methods[] = {

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

{NULL, NULL, 0, NULL} /* Sentinel */
ti

HES =124 (METH_VARARGS ) , X MrdEfgE A C WM IRG. % {if METH_VARARGS .
METH_VARARGS | METH_KEYWORDS , {H 0 ﬁ:%@}iﬁ PyArg_ParseTuple () HIEIEAS &,

W B M ff F METH_VARARGS , BR U £ %5 fF Python % 3K wple ¥ X S 5, IR &M A
PyArg_ParseTuple () ﬁﬁ?%*ﬁo

Un SR Y 2 0 5% B 7 2 B 4 i ol O AT DAAE 25 = A Be b B METH_KEYWORDS FUAF (. AE BE
UL, C BB 4% % =4 pyobject * JEZ, ERFA—A i K7 7. (A
PyArg_ParseTupleAndKeywords ( ﬂé%?ziékﬁéﬁ?ﬂgﬁﬁiio

XA TTIER PRI E LA PTG -

static struct PyModuleDef spam_module = {
.m_methods = spam_methods,

Fi

LR AL SRR AR I A R AU P A s R R R o WIUR AL R B N 24 PyInit_name (), Hirp
name mi‘%ﬁ%ﬂﬁ%i’”, HHBAZ e BRSO e A ME—TF static 4 H:

PyMODINIT_FUNC
PyInit_spam(void)
{
return PyModuleDef_ Init (&spam_module) ;
}

1EHE R PyMODINIT_FUNC Ff e HH A Pyobiect * iR[IEAY | 0 114 FrisR (LA 4k s 7= 1
HERT = C++ Rk E Il extern mcn.

PyInit_spam() SPEREMRRERTHUCFAIL spam BRI . (155 T 30T KA Python i1y
B, ) DATIEH Pytodulenet_ tnit () R MIEBENEE LI, DA S AL BIAERS B A X LR
#,{%/\ﬁéf;@] sys.modules W,

24 A Python B, [k PyImport_Inittab K a4%H, TU"JTAEiJJiﬂﬁH PyInit_spam() PR%L. &
PR MBI i b FRt, WA PyImport AppendInittab (), AIHEEEHES T AL

#define PY_SSIZE_T CLEAN
#include <Python.h>

int

main(int argc, char *argvl[])

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

/* B —NAEBEESR, E Py _Initialize Z [ */

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

(T

10 Chapter 2. R"ERE=FTHEIEYT R
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(B L)
}

/* ¥ argv(o] % Python R */
status = PyConfig_SetBytesString(&config, &config.program_name, argv[0]);
if (PyStatus_Exception(status)) {

goto exception;

}

/* W pychon MEH. T WEME.
WRMTBEEAK, FREEIFHIR. */
status = Py_InitializeFromConfig(&config);
if (PyStatus_Exception(status)) {

goto exception;
}
PyConfig Clear (&config);

s TREEFAER, REELZER,
BN A EE R A B O\ B R
REANE. */
PyObject *pmodule = PyImport_ ImportModule ("spam");
if (!pmodule) {
PyErr_Print ();
fprintf (stderr, "Error: could not import module 'spam'\n");

}
// ... TEWAEF Python C API ...
return 0;

exception:

PyConfig_Clear (&config);
Py_ExitStatusException (status);

O #ik

WARARFE I — A2 R Bl R i S A B, BB n] BEFE BLHT 0 dn AL IS th B T0RL 2 S By i, 681
WHEM sys.modules FFREERZE H 8L C 4RI A S — R I A REAS (BEETER T 1
exec () MIEILFIAT fork 0 ZJ5) HYMMER. WRBLBCRSEA WTe 4 Ry, TFRHE 4% B

HARIE A S TR GliJd Py_MOD_MULTIPLE_INTERPRETERS_NOT_SUPPORTED).

1t Python JAUAS A ALY Modules/xx1limited. ¢ ARG T—DNEIEAMAIR B e SCHFAT B AR AR AL
B > B

2.1.5 YmiFfnsEEE

HERREME RS MY R, AT EM P H Python REK IR AR WK
A, X TR AR RGN SIS LS 2 B ESE mEY BN RS (e
C/C++ ¥ & Z45), PAKFE Windows FHiFEEMBIMEE (£ Windows Lz CFo C++ JFJE Z7).

TSR shaSmak, s B RO A MERI1E R Python fEREZRIT—04), BLLAAUE Mt & B
IR R R . B RAE Unix BRI, HFREEIEARM SCH: (spammodule. o ) HCEE AR 46 5
5 B4 Modules/ HETR, USII—17%] Modules/Setup.local RFEIAIRAY I

[spam spammodule.o

1

IRJEAETIUZ H SRz AT make R EFIABAFRESS . IREATDAE Modules/ T H XM make, fFUZARAIINSE
Hf# Makefile U, AJFiE T make Makefile' fir4-. (REFIIB I setup SCAFHRTE ZOXFEHRAT . )

21. {Ef C 5 C++ ¥'J& Python 11
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WERARB B TR TR G, LS AT A IR SR L, 285

[spam spammodule.o -1X11 }

2.1.6 7£ C hif g Python %}

E4 M1k, ol PB4 AL Python I C B, HICRR WA A, BEEH C i Python
B OB AT . WA C B T I, RS2 S B LA

SEIZHOAL, Python RERHR HLB Iy (IR, 34 bRk Python B BCHLAL TARHERE 1. GX HURLR AR
17 Python SRFHRIE A AR T2, HIBEAT S4BT IAZ% ython/pythonmain.c I —c fAFFLRD. )
ST Python BECAR I3, 5 Python L BE43 Python SO 4. I LML BL (o H Al 1) K
B, MBI, AR LA Python BRACH 054, A (Py_tncreR ) AHENE
VR, MOR A R A A R 2AHIT, R BT AR BLEE SU— 4

static PyObject *my_callback = NULL;

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

PyObject *result = NULL;

PyObject *temp;

if (PyArg_ParseTuple (args, "O:set_callback", &temp)) {
if (!PyCallable_Check (temp)) {
PyErr_SetString (PyExc_TypeError, "parameter must be callable");
return NULL;
}

Py_XINCREF (temp) ; VA i B B B T B
Py_XDECREF (my_callback); /* ZF Zp(wEE */
my_callback = temp; /* REH N ERE </

/* 3R Bl "None" W EEH */
Py_INCREF (Py_None) ;
result = Py_None;

}

return result;

}

J

BB ] METE_VARARGS JEARTFE MBI MRS s X BEFEALHE 7 ik R Ao dnds 1 B . — 35 PRI ik .
PyArg_ParseTuple () PRI H S SCRY WLAR B ey 3 ay A8k —1T o

Py_XINCREF () Fll Py_XDECREF () XA~ ZZ Wl M/ — AR W51 48, I B4 NoLs 840
AT ARAIE 24 ((HE HE B AE XA R SCH temp A4S0 NULL) . LM 605 G S% 7| A 3+ 4 &5,

B, 24208 H MR AT, RRJEH A C pi%L Pyobiect_Callobject () o ZEREA M NSE, ENIHE
T84, FRMMERE Python X4 : Bl Python s, MHEHSHIIE. SEINELM B2 —Pdxg, HK
FERIS A ECR . BRI S HGIE A Python pR%L, WL A NULL 84N 704l Ear— SR E,
mu%ﬁ—/]\%%ﬂo Py_BuildvValue () S&FEHAG N FAF RS X RS N ZEAN 0L XA IR
ml—ANJ62H . filn:

int arg;
PyObject *arglist;
PyObject *result;

arg = 123;

/+ SRR L ER </

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

result = PyObject_CallObject (my_callback, arglist);
Py_DECREF (arglist) ;
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PyObject_CallObject () i [H] Python X4 5%t , iX 2 Python s % #)R A . Pyobject _CallObject ()
e MXMESH SIHTHE L . flrhHmocdH 2Rl TS %, B E

PyObject_CallObject () ZJG . B{fiF T Py_DECREF () .

PyObject_CallObject () MJIREIMELEIE B 19 B2k MG HAREAXS, (Hf T
SUHTTEL. FrPABRAR RS RO AE 2 R AL B, ARTFEXNXAMEM py_pECREF (), RIEEARXS B
MINZE (FE5I) AEGER.

HREMRX M w, REEN— SR EE AR NULL, WIERZRTE, Python RS A EIFE A F
o WP pyobiect_callobject () By C AU ZTE Python HMER ), M 2457 B AR o] —A S k45
HIH: Python PRI, DAEMREZRBEFT EAR IR WME B, sk 1L# 7 Python RIS BEALHLZ 2 . WX o
MRS GAE, WY 2S48l pyEre_clear () RKIFFRSFH . HlUn:

if (result == NULL)
return NULL; /* [El 41k */
...ﬁf}ﬂ result...

Py_DECREF (result) ;

AT B R R L, ARd BRI — 201 R3] pyobject_callobject () o (EHLENGIL T SHB
e Python FEfFHR LAY, alid 5 1 PHE B MR B0 R . eI ARSI AL 3. 75 /h— 28
I AR E A i — BT LA 2 R SRR AT iR Py_Buildvalue () BREHTE tple. 25>l
T AREAR SRS I AT DA A AR

PyObject *arglist;

arglist = Py_BuildvValue (" (1)", eventcode);
result = PyObject_CallObject (my_callback, arglist);
Py_DECREF (arglist) ;
if (result == NULL)
return NULL; /* Pass error back */
/* F P FEMWE R result */
Py_DECREF (result) ;

J

VERE Py_DECREF (arglist) FRfEALS IRV, FERNRIGA Z Ao MR TR —E R, tan
Py_Buildvalue () AIRESEBNGTAEESE.

2R R BORHA TR B, KBTS HOA M pyobject_call () , W B SRR ESHN KB FE S
A B, AR py_Buildvalue () AL,

PyObject *dict;

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

return NULL; /* [E{£45i% */
/* A NFEWREH result */

Py_DECREF (result);

2.1.7 R REHHSH

PR% PyArg_ParseTuple () MU :

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

A arg WAR— 1 ICAIN G, B Python #4145 C s S BBK . format ZHLLIR— AT
PPE, LTS % Python C/APL F-fif iy arg-parsing. FlRS LR M RERMIE, KB 7AF
R R o

YR PyArg_ParseTuple () XHGIMLFR 22 Python SRR, AIJCIAK N2 4 i) C Ac i Hudik, 4N
RX T, WRESAENAFPREVLS AR, /.

FERAT A b 1 32 B2 05 Python X5 12 15 ka9 51 AZLLBIENTS L

2.1. {#H C = C++ #"}& Python 13
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B T

#define PY_SSIZE_T_CLEAN
#include <Python.h>

int ok;

int i, 3j;

long k, 1;

const char *s;
Py_ssize t size;

ok = PyArg_ParseTuple(args, ""); /* L5 % */
/* Python VB : £() */

ok = PyArg_ParseTuple (args, "s", &s); /* —MFH& */
/* T fe W Python 8 JH : £('whoops!') */

ok = PyArg_ParseTuple(args, "1ls", &k, &1, &s); /* ?ﬁﬁ\&ﬁﬂfrn#/)\?f?% i/

/* T f# Python W : £(1, 2, 'three') */

ok = PyArg_ParseTuple(args, " (ii)s#", &i, &j, &s, &size);
/B -ATEE, EANEEHRE </
/* W 8 W Python W F : £((1, 2), 'three') */

const char *file;
const char *mode = "r";
int bufsize = 0;
ok = PyArg_ParseTuple (args, "s|si", &file, &mode, &bufsize);
/AN FRE, ATRBEEANT ANFEER—NEH </
/* T 88 Python R Al :
f('spam")
f('spam', 'w')
f('spam', 'wb', 100000) */

int left, top, right, bottom, h, v;
ok = PyArg_ ParseTuple(args, " ((ii) (1i)) (ii)",
&left, &top, &right, &bottom, &h, &v);
/= ANEEf— AR 2/
/* ¥ B # Python P :
£(((0, 0), (400, 300)), (10, 10)) */

Py_complex c;
ok = PyArg_ParseTuple(args, "D:myfunction", &c);
s AEH, FRBE-AERERATHERAE 4/

/* Possible Python call: myfunction (1+23j) */

2.1.8 AT RBMHXBF SR

K%L PyArg_ParseTupleAndKeywords () FBHAIT:

int PyArg ParseTupleAndKeywords (PyObject *arg, PyObject *kwdict,
const char *format, char * const *kwlist, ...);
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arg 5 format %Y pyArg_ParseTuple () T E XHI—3. kwdict X5 2 AE N5 =S5\ Python

BATI B S T . kwlist T /2D NULL 45 R TFARFR IR, B RFRIES:

HIRNIE RS

53k 8 format WZEEE BAHVCES . A0SR AT, PyArg_ParseTupleAndKeywords () 2R [FIEfH, &

D3R (ML 51 5T 24 1 57

O #ik

RERTATE S KRBTSR TCEARL, A kwlist FH KBTS T TypeError FH

W BTl B SN I TR, 113 2 Geoff Philbrick (philbrick @hks.com):

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

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

int voltage;

const char *state = "a stiff";

const char *action = "voom";

const char *type = "Norwegian Blue";

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

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

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

Py_RETURN_NONE;
}

static PyMethodDef keywdarg methods[] = {

/* BB B RGENEA PycFunction &

* NEEZ W/ Pyobject* %, W keywdarg_ parrot ()
F BB,

7

{"parrot", (PyCFunction) (void (*) (void))keywdarg parrot, METH_VARARGS | METH_KEYWORDS,

"Print a lovely skit to standard output."},
{NULL, NULL, 0, NULL} /* sentinel */
i

static struct PyModuleDef keywdarg_module = {
.m_base = PyModuleDef_ HEAD_INIT,

.m_name = "keywdarg",

.m_size = 0,

.m_methods = keywdarg_methods,

}i

PyMODINIT_FUNC

PyInit_keywdarg (void)

{

return PyModuleDef TInit (&¢keywdarg module);
}

21. {Ef C 5 C++ ¥'J& Python
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2.1.9 WiEFEEE
XANPEE PyArg_ParseTuple () RAHMRL, FHAHANE:

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

)

ez — A FSFE, 5 pyarg_ParseTuple () R, (H@2SE0n /i JF AR S bk F8EE i A28 R %L,
AR ). FeZeR m—4> Python X558 & T 1] C BREC H 45 Python {75

—A~5 pyArg_ParseTuple () [IAFE, JETH AT BERS 2 E KR 0] —A~TC4l (Python 4 R A 27
WA T,  Heln i TA% s 4 HoAt Python pRELVAZE . Py_Buildvalue () HREEZERMITH, T
ZT 1S FAF R R ROT A, AR MR ] None |, —NSEN B E2R 1HZ S H01)
5. WAREREREIAE S — MBS 0 ot d, sl & — oM, FEERLESFP P LS.

B CefEdaM , A2 Python fHELR):

Py_Buildvalue ("") None
Py_Buildvalue ("i", 123) 123
Py_Buildvalue ("iii", 123, 456, 789) (123, 456, 789)
Py_BuildValue ("s", "hello") 'hello'
Py_Buildvalue ("y", "hello") b'hello'
Py_Buildvalue ("ss", "hello", "world") ('hello', 'world')
Py_Buildvalue ("s#", "hello", 4) 'hell"
Py_Buildvalue ("y#", "hello", 4) b'hell'
Py_Buildvalue (" () ") ()
Py_Buildvalue (" (i)", 123) (123,)
Py_Buildvalue (" (ii)", 123, 456) (123, 456)
Py_Buildvalue (" (i,i)", 123, 456) (123, 456)
Py_Buildvalue ("[i,i]", 123, 456) [123, 456]
Py_Buildvalue("{s:i,s:1i}",

"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 SIRE

TE CIC+ B FH, FIF A IT s &5 AR heap 4P NAE. 72 C B, il RE malloc () #
free () WM. £ C++ HFZEANE new Fl delete RSLIAHFE TN HE

BN malloc () ZrBE AT B d BB Y. 24 38 145 - — R £ree () BV AR E 2 W] b . 3
H free () WIMHLAER FEE, R —DHMI LRSI EA W EIIT free O A, BTG NAER
PR LEZ I TCE N E I . XA R AR BT, SRR N — A T free
RIS NGRS HZ AR, B 5@ S — malloc O P HXZNAEE A TR A ohgs . X kFx
ﬁgﬁ&%ﬁ%ﬂﬁgEﬁﬁﬁ%ﬁ%%ﬁﬁ*%%%ﬁﬁ*ﬁ@ﬁm&b%%\%ﬁﬁ%\%%%
WA R 1 A AR — 2o A LA A AR b . B —A 80 i TN, Tt E, RE
FERC A . BIAE—LE0F pR B0 08 SO PT BB OO TS A T A 5 R 45 1, SR R R BRI T
XARE G icAE B HTREONAE, Frald m i e iR, XA, —HEIA, R RS
MEDARZIN R, B 1R 8 A R A, T B H I S R BRI B ANAE, B DA IR AEE K iz
Eﬁﬁ%ﬁﬁﬁﬁ@ﬁﬁﬁ%@ﬁ%ioﬁ%,ﬁ%%ﬁﬁmﬁﬁﬁ,ﬁﬁﬁ@ﬂﬁ%%%%%¢%%
KR

Python i3 malloc () Fl free () B& KEMNAF D BCFIRERL, [RIFETT ZEibE 00 N A7 e AV EF FE 5T o Atk
Wt F1R 4. HFMR R S RER S — R, AR 38 5 X525 | B 3 ek
BEAZA S, S5 HTECN 0 B, RN RELRAIAAERNE LT, XZun AR T .

H—AMESE B FH IR, (AN GBS 1 S R, TR B A 307 HPAX 7>
P H BRI O s 2 AR ZI TR free O o CF— ML AU WEE T S A7
SR HAME) . BRUeXT C, B I AR B SR s, 051 VB m] AT B AR S B (R
malloc () Ml free () BRECE IR, X2 CARMEHREY. WIFUGH—RE I AT RAER B shhik
s, (EAECRHTFA 055 TR TAE.
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Python i A GEH5 VIR I, AR DL TORERIGINAS . A LA IN G HAERR . XA Jo 540 O B
s RlE R RIE TARERT I, XS RS — A5 . SRR G (TREELHD) M5 T4
5, BrAEER PR EE X RS TR ANZ 00 SRS TS SR Bl AR T 5 | OB H YRS A
CE BRI SR . WA B TR AN F I T

T EAAG: TN 25 BE A A B3R WA IR BE T E AT gc BEHERMAL T — Pz ikl 819 77 3K (collect ()
RO, PARZANRCE B VRIS TN EE %A I 45 1 Zh BE o

Python chi)5| itk

B W% Py_INCREF (x) Fll Py_DECREF (x) , <xAbBRS|HTIEHE. Py DECREF () tHATES| FHITHE
KOBPRON S . N T RIE, HASEZERN free (), TMZEITREA £ 22 2 RBHRESEHM . N
TXAEM EHAR), AR RS — e H SRR T .

TR RBAKIH . T ] Py_INCREF (x) fil Py_DECREF (x) 7 FRATH G5 A—SEMEE. WA/ N WA
— ARG, ARATDA A AR B ARG AR s T HECE SO A SR . SIHIE
FATHEWMA py_pECREF () , TEGI AL . 5IHHA X R A E . A =FIgEoRA EMA
H5IH : tek. fFfE. P py_DECREF () o SICALE—AMIA RG] H &S 2N

EAIDA A — ARSI . SIS IHARAZE M py_DECREF () o & HF LA RABER A X R
AT A A IR o FEHHA Al B GRS (S T 5 | A B, 3% 58 Ak i
AR5 R R AR C R OB AR AR EAREREIH, BEE 0, i AR IHO At Y
PR o A B R A R — SE R IR AU TS A5 AT RESTEIIAT & AL LS B X 4R

FERIAT LA A SN, Gl Py _INCREF () o IXAXEMC S5 B IAEIRS. X8 —1
BHPASIN, TR TRENIAETUE CRIAE LA LR ET I, R TR IA EAE) -

HAEAMN
B RRG LB IE — BNy, SRR 3 1 %38 E A KRB 2 R a5

KEZBBEGR B —ADX L5 H, HESETIHIA X R @5, gl @ a0, fln
PyLong_FromLong () fll Py_Buildvalue() , XL IH X REHUCE . BIEEXNRAZHIERT,
PRAT SR AT ASRAS XS S 0085 I . — 3561 /2 PyLong_FromLong () 43 T —MNRATEHMIZAE, H 1T AR
W E A7 H B .

RZ 77— I GARBOT R P R A, G5 | X &, flill pyobject_GetAttrString () o X BAFIA
WEIEMWT, — SR A B IR 2 B /MY PyTuple_GetItem() , PyList_GetItem() , PyDict_GetItem()
, PyDict_GetItemstring () #2REIMICAH . FF. FHEMHMTIH.

PR% PyImport_AddModule () H2yREUEHBIGIH, WA T e BRI S XA AT He B —A40
BT M2 BEMAE sys.modules H,

YRGB — NI Z 5B S — R, SRR A B AW WRFZAAAE, #iiH py_INCREF ()
KAS B ST HAE  o IXAFUNE S EE R FISh: PyTuple_setItem() fll PyList_setItem() . iX4E
PREIE AL R KR, WAL KR! (R pyDict_setItem() MHEHFRASELZEIH KR, M
2 IEFR).

W—A~ C AL Python i FH B, S MR B RSEMEASIH. HAEWNEXSRE51H, BroAEH
5 | 2B A R AT PAGRAIE R sR AR [B] . HZE 2415 05 | RR B UL 8, A E 45 A 151

Wt A Py_INCREF ()

Python i ]\ C eRGR [0 (XS 525 | 1 IF A Z50@A0A 15 | -3 K R B R BUL i 25

fER2agE K

ALREWT, AT ERRICE, HATR RSSO, Xl e O RS i QR A, FF T ag
FEGIHIAFE AL EEFIH .

T AR IE R T SR T py_DECRER () B —NJERXIGE, TRXRGATI R A — 5 £8
JLER. HEEHI:

2ARE G A SRR IENN: WA ZURAT KL
SRR UHECE DA VB, SRR ST DA C SRR R, A AT AR A S T«
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void
bug (PyObject *list)
{
PyObject *item = PyList_GetItem(list, O0);

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

XABRBE e A5 1ist10] , AR List (1) NfH o, HRISTTEHREMMGIN . BELILER
e, (HAIRZ.

Let’s follow the control flow into PyList_SetItem(). The list owns references to all its items, so when item
1 is replaced, it has to dispose of the original item 1. Now let’s suppose the original item 1 was an instance of
a user-defined class, and let’s further suppose that the class defined a __del_ () method. If this class instance
has a reference count of 1, disposing of it will call its __del () method. Internally, PyList_SetItem() calls
Py_DECREF () on the replaced item, which invokes replaced item’s corresponding tp_dealloc function. During
deallocation, tp_dealloc calls tp_finalize, whichis mappedtothe del_ () method for class instances (see
PEP 442). This entire sequence happens synchronously within the PyList_SetItem() call.

HIT-E 2 M Python 451y, B __del O Jrikwl ASRATAERS Python (A% . BRI PARE bug () it
item Y5 HIRANE? MR LAY BUEFLA bug (O BFIRTTLARE __del O Jrikiiil, Bl AAT—
éﬁiﬁgifm delilist[OJ MIRCR, BOERX RXHZXN R ERG—IRG I, B RES 2 KR N AE,
M item %,

RIS, SARALE TR, A5 1 WG TR IRRRRCAS i eR AR A

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

Py_INCREF (item) ;

PyList_SetItem(list, 1, PyLong_ FromLong (0L));
PyObject_Print (item, stdout, 0);

Py_DECREF (item) ;

}

B AN ELEAORCR . —BCIFISUAH) Python 1 25 1 & ORI AR TR, A7 AKE C i 2l a4
TREE, AT AR _del_ 0 FrER k-

1 XAEAG | S 5 FE LR M KRR R . 185, Python fERESR I 2 AR SAHE L,
A —A 42 B 4 FEAR T Python F#E/ N4 25 0], ANk, A AR % py_BEGIN_ALLOW_THREADS 3R
IR AN, I py_END_ALLOW_THREADS R EHFIIRIE . XAEPHZEZR /O P HEEPARE I,
A PALE HA AR FRAE S5 R VO £ o Mal i FH AL HESS . 28R, R R ES 2 BB AN AFAE AR 7 ) gt

void

bug (PyObject *list)

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

NULL 5%t

W, ARG N SR KB A BRI EAT L 185, IF HS RO S %O (2R
TELANG S EAZ DR ) o IR D025 1 Y R K0 5 RAE SR I AL T R W 4 & 0] oL A nons 2
O I DR T 1 28 R 28 B R B AT TR A R G 25 A R Y — AR AR R B AR oL, T
BORER A TTAAS I T ARSI AT 1
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SRR E IR BARI noLn,  BPFESICE]— AT RESY NuLL BHRER, BIAKR H malloc () B{
e T RET | 57 14 R R IR

Py_INCREF () Ml Py_DECREF () % 7% A f il nuLL $84F — (H2, BN A F py_xINCREF ()
Py_XDECREF () N H6i

FHTAS IR E W RIEBUR L (Pytype_Check () AR NULL $54 — FFEHL, A KR AR SIS
XA M — R GRAA UM R R 2 —, 2B MOTARI . NG nuLs 1
A

C R B AL S PRIUEFE 4 C BRI S8R (FIRBIH S args) AR 24 NULL - 5B BB S RIEH
B Aot

EATHERE NULL $58F “HER” 45 Python i Pl & 1™ HAY A 1%

2.1.11 £ C++ fREYE

AT PAE C++ B PR, FU2ASepR . 1R B2 (Python fRRERY) 2 C gidas ok gnidAlsE
B, 2JREEST RS RER A . TR C++ SRIFEREERE A A XA 8. RSB
Python fEREZS A H GE# il 2P IR L B ED) RN extern "c o TETEFE extern "C" {...}
HALF Python SKSCAFNIANZABATEZE, FENUNRE L THS __cplusplus WELZXARMK T FH
PR Cr+ Gk diti 2 e SUGX M F5)

2.1.12 453 RIERIZHE C API

REY FBHER AL 1B ek B ALt Python flif], (HAT I REALER BLAYAC RS B n] ARCH b AR bR 1l

o B, —AN R T PASEH— > 255 collection” 7L 3K 2 1% A HFF 1Y . 55 J2 Python 41| 287 |

gﬁ é APL SAVFY AL IR QUMIZAES SR, IXASHTRY SR A IR DA — M C BT T 45 Hofth - At b
B

TFARRRAAR G 24 S R O N static), RAMEHMSLICHE, VAL C APTIYSCR] . 5K
b EAERTA I R 2 H S AL 2] Python MEREARI 2 W DR TARRY. AR DAL e, —
B AR RS R SO 75— BT L. AT LTSRS TR R G, — L8RS Python ARREAR (4]
R4 5[] (Bl Windows), A LEMIYERERE I 75 22— A 1 © R ALFS 51K (— MBIl 152 AIX), B
B PRPERTERA R (A Unix Z251) . BVERATS2 4Rl WA, VREER A AR o T B i R 2 -

RS AL ZAN GBS AT ] WA AT AT RS, X R RE Y A B BT A7 S #R % A O static
B TR AR LR AL, SR S HA Y AR fi 4 v e (FEBE AR 7y R R A s 1L A TR
XEWERT S 1% 24 U i HA T 1 07 2R A Y A 1) o

Python F it T — MR AIALE] R A — N AR i) 75 — P i % i C 2 {5 B (35%1): Capsule,
—}> Capsule ii;2— M7 fiff 7458 (void*) [¥) Python $#i22 . Capsule J B S H C AP,
HENTH] ABAL AT HoA Python MR —FEG L . FEHH, &A1 DABIRIE A9 AR B a4 2 8] Pl — A
FFRe HAthY FEAHURE u] AR A AR, PREGZ A FRX I A(E, SRJ5 A\ Capsule HREUEE

Capsule W] DA #7750 C APL 454 A . 431> ek BOnT DA H ) Capsule, s PTA C APL 44t
E%ﬁfiﬁﬁ~4ﬁéﬂi, WAL T %A 4y Capsule. fEAAIBRIUE R AT A 280530, L& Fromisise
Ao

TERARBEFIAT ik, FARAY Capsule 45 % 1 24 1 4 FRARELEL . %L PyCapsule New () $52—> name
% (const char); SLVFRIEA—A> nULL AN FK, (HIAT5RZUERAVRSE E 24 hK . TR i 24 19
Capsule $2{ft | &Mz TR A4 oA a7 07 2R X AR a4 1) Capsule..

WKL, Capsule ] T-2#8 C API, A4 NZ G i :

[modulename.attributename ]

I F BREL PyCapsule_Tmport () A PAJTEAYE A BT Capsule H24LfK) C API, {fE Capsule )44 FVERCHT .
XA AR C APT ] P T 5 B MR B IE ) C APLL

BT R TR G TUH R 4 T AR S R AR B 3, X T T R EROR e B
@Y. ESRIrA CAPLESE (FERXABITFHIAA A R4 void JREHEAL, BEXRFMCH—A

S MIROEA IHA KU AT 205E i, S RIER T, IR IR TR Z AR .
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Capsule f9{f1. FELHAFRIAIASCPHR T A% PRI S ABLICRIATUL C APT A % Pl
AR C AP 2 fii A A 22 BT

BB — A 1 09 ) T WM spam BURAGIER . PREL spam. system () FFAEIETH C AL
system() , TMEPHH—A K% pyspan_system (), IEANBRBAEISL AP 22 IR LU IR R (HLam
TERR A AU “sapm”) . LR PySpam_System () thax T ALY EAELER .

PREL Pyspam_System () &4l C AL, BRHAEE—FER A static:

static int

PySpam_System(const char *command)
{

return system(command) ;

}

PR spam_system () 40N &0k

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);

}

BB, FEHATA:

[#include <Python.h> }
3 g

N IBE PN

#define SPAM_MODULE

#include "spammodule.h"

#define #f HRAGHEL U EHEITE S, MIARE P, 24, B nod_exec Bf
Bon it W ia 1k C AP #5414k

static int

spam_module_exec (PyObject *m)

{
static void *PySpam API[PySpam API_ pointers];
PyObject *c_api_object;

/* FH c apT AL H A +/
PySpam_API [PySpam_System_NUM] = (void *)PySpam_System;

/* Q| A4 APT A HA MU W capsule */
c_api_object = PyCapsule_New((void *)PySpam_API, "spam._C_API", NULL);

if (PyModule Add(m, " C API", c_api_object) < 0) {
return -1;

}

return 0;

WA PySpam APT M static; TR AL SAE pyInit_spam () K45 k!
k30 spammodule . h B —HETAE, FHELW TR
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#ifndef Py_SPAMMODULE_H
#define Py_SPAMMODULE_H
#ifdef __cplusplus
extern "C" {

#endif

/* F T spammodule # 3k X */

/* C APT B */

#define PySpam_System NUM 0

#define PySpam_System_RETURN int

#define PySpam_System PROTO (const char *command)

/* C APT A H EE +/
#define PySpam_API pointers 1

#ifdef SPAM_MODULE
/* B AR F spammodule.c WEH */

static PySpam_System_ RETURN PySpam_System PySpam_System_PROTO;

#else

/¢ BN HELR spammodule W API HHER PR */
static void **PySpam_ API;

#define PySpam_System \
(* (PySpam_System_ RETURN (*)PySpam System_ PROTO) PySpam_API [PySpam_System NUM] )

/* WEREE -1, R HEEE o.
“ JRA 7% PyCapsule_tmport HRE— MR,
4

static int

import_spam (void)

{

PySpam API = (wvoid **)PyCapsule_Import ("spam. C_API", 0);
return (PySpam API != NULL) 2 0 : -1;

}

#endif

#ifdef __ _cplusplus
}
#endif

#endif /* !defined (Py_SPAMMODULE_H) */

% P A 7 ) SR R Py Spam_System () Jir Wb AL 4 B S 2 FE L mod_exec bR A E F bR 4K
import_spam()(Eimfmﬁﬂﬁﬁ%{%zfy

static int
client_module_exec (PyObject *m)
{
if (import_spam() < 0) {
return -1;
}
/* BN R4 T FE AT 2/

return 0O;

RN R TR, S spanmodule. h i TSk, MR, XM DB HAYREL, AL AL
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1, BrPARTR B2 — K

i e BEAE IR /2 Capsule FEAE THISMNYPIRE, H T AE4#7E Capsule B 851 A BORUREL . 477 5%
Python/C API Z:2%5 i} Z5{7 capsules F1 Capsule [#] 3£ B (£ Python J5fi% & FT41I¥) Include/pycapsule.h
il objects/pycapsule.c ).

&t
22 HENT REE: HiE

Python fRVF4E C § EALHLE L n] LAM Python AU P BRI RAL, IXARR N EAY st fll List FEA,
BT 2R B AR AL i — B, (RAEROT IR AT, B2 T — 2807y . XSOt A&
A

2.2.1 Eif

CPython iz4 i} 24 fir A Python X} 5 #8LK Pyobiect * BAIMAR R, X2 A Python Xf 4y “REfili2k
A7, pyobject GEMIARA G HALE XIS (W reference count FIFGIRINT G “FRBIXT R 485 X2 shPERT
EIXTEH B bR BN G e fR R LR FH WL (C) iR, BN, EXT% ba&ER g, A,
WHE SR AR RARE. XE C RBWRR N “BAVE.

FrPA, SRR EE SR R RY, TR A E R R AN 4

AP H AR B TR ERE, T — R/ MESE AL, BFE C ¥R custom HIE LT —H
#°H Custom AL :

O #ik

% HRIRI YR B E X static T RERIES )5 vE . W DAE A KR g, C AP AT PAE CAEHE |
AR R, i PyType_FromSpec () BREL, EAEARATTHEITIE.

#define PY_SSIZE_T CLEAN
#include <Python.h>

typedef struct {

PyObject_HEAD

/* XERMAR TR FRE. */
} 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,

i

static int
custom_module_exec (PyObject *m)
{
if (PyType_Ready (&CustomType) < 0) {
return -1;

}

if (PyModule_AddObjectRef (m, "Custom", (PyObject *) &CustomType) < 0) {
return -1;

}
(BT ID

22 Chapter 2. R"ERE=FTHEIEYT R




Extending and Embedding Python, & {ThR% 3.13.7

(B L)

return 0;

}

static PyModuleDef_ Slot custom_module_slots[] = {
{Py_mod_exec, custom_module_exec},
/7 BRI EAS KA B A XA

{Py_mod_multiple_interpreters, Py MOD_MULTIPLE_INTERPRETERS_NOT_SUPPORTED},

{0, NULL}
bi
static PyModuleDef custom_module = {
.m_base = PyModuleDef HEAD_INIT,
.m_name = "custom",
.m_doc = "Example module that creates an extension type.",
.m_size = 0,
.m_slots = custom_module_slots,

Fi

PyMODINIT_FUNC
PyInit_custom(void)
{
return PyModuleDef Init (&custom_module);

i

X ARES Ty B, X 2N TEEL~E§E‘EXT?%L XA SR LT =R

1. —4> custom MBIV X2 customobject LEME, BEL HE custom LI BE—K .
2. custom RPN iX/Z CustomType Z5HK, B LT —LH AR R EHa £ LA RERS TR B Hr

SEBRER I AR A

3. 40T g SCHIHAAT custom BEHL: X @ PyInit_custom BN B EHE M T 58 SCIZ B
custom moduleét$ﬁﬁk kklifﬁﬂ:kzii%ﬁi%£RXT§2Hﬁcustom module execﬁﬁﬁﬁ

iR — B2

typedef struct ({
PyObject_HEAD
} CustomObject;

Kt HE RS EINE . Pyobject HEAD &l il R AERE X R A5 R 2 Bl L —
A~%44°K ob_base [y PyObject %EAE’J%EX, Hrp g — AR R A 5 | R e s (XBE T RA
A3 3 %% py_TYPE Fll Py_REFCNT M X4y ) . i F 220 FH f 20 Jadh 4t ol HAE PR g i3 B0 b s
BRI Bt o

O #ik
VERAETL PyObject _HEAD [ A 5. BANNINAS 2 FEGIFAIER B4

MR, KGR TAE pyObject HEAD FRERURAN, ARSNGB, Wh & ST ARMER) Python i x4

typedef struct {
PyObject_HEAD
double ob_fval;
} PyFloatObject;

AR BRI E
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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,

O #ik

HEAFBUT L COO BURSHIBTRIL, DABESEF R BFATIN PyTypeobiect B, JUHRE RAFFAHE X
A1), BORFAELFT DA S 7 B2 7 S

£ object .h HIELFRE LAY PyTypeObject HAT AN g SCEZM B . BIRMTFBah C HhiFdiN=E
RIS, EFEIMGEREABAHIEE TN, BAMFHETREEN].

ek —ukn, SRR

[.obﬁbase = PyVarObject_HEAD_ INIT (NULL, O) }

XA r A, AR AN B3R 2 (Y ob_base FB&:

[.tp_name = "custom.Custom", }

AT PR R BAEFRA TR X R BN SCARFIR L AL AT 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

LR AR i RS AR, B R R FE R AR P 2R B AR PRI custom
MRALE custom, HILFRATIFIRAAL FRICH custom. Custom, (] ELIE HHT A0S B S A BRARRS T B4R
2RI 5 pydoc Ml pickle BBRGHFAHAZMRE L.

.tp_basicsize = sizeof (CustomObject),

.tp_itemsize = O,

XFERELE Python il 4 AIHH custom LN EFREZ DNAT. tr_itemsize (URT AIZE RN
GMAEH A LR 2

O #ik

WSRARF AR S T 7E Python FRl 1Rk, H HARMIEBUAN B R B A MIFRY tp_basicsize,
A ANRATRE SRS 2 B4R . URAYZEELE) Python FRMAIAEH: _ bases_ IR BISIFE i
BT, AWFEVAARARILE _new__ () JTikIP RS NS . AR AT DA A ARAVR 2B BAT LB R
REH KK tp_basicsize [EABRXATIE . ERZEE, XACERTLAR, HNE2IRKZERE
object, FANRKFAVRIYHEEISBUATMBARI R, MG IHA N

AR N Py_TPFLAGS_DEFAULT.,

[.tp_flags = Py_TPFLAGS_DEFAULT, ]

JI A SRR Y S AR E N TR IR AR SR i R T 220 FE Python 3.3 2 HiTE SCAY AT B . 4N
RAIRFTEEZ MR, VRRERZXA R AR EFT OR 1557

AN to_doc FRAURM— SR AT H.
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[.tp_doc = PyDoc_STR ("Custom objects"), J

TR A, AT tp_new ALFEEY. XZET Python H¥E __new (), {HAZ 2
FEE. TEXFMER T, FAIAT A API B4 pyType_GenericNew () Fr4RHEAYERIASLH .

[.tp_new = PyType_GenericNew, }

BT custom_module_exec () HHYHELEARG ALY, SCIF AP Y HA A 28 AT AR B OL:

if (PyType_Ready (&CustomType) < 0) {

return -1;

}

AL custom 282, S— L8 BUBEE M A EOA(E, BAERNTFERI AR NULL [ ob_type.

if (PyModule_AddObjectRef (m, "Custom", (PyObject *) &CustomIype) < 0) {
return -1;

}

DTSRRI R B b AR A T AEE R custom ZERAIH custom SEH1:

>>> import custom

>>> mycustom = custom.Custom{()

MR BN TARR AR E s FF LRSI AL N custom. ¢ BSLIFH,

[build-system]

requires = ["setuptools"]
build-backend = "setuptools.build meta"

[project]
name = "custom"

version = "1"

# M pyproject . toml HSCHEA, HH

from setuptools import Extension, setup

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

TE4 M setup.py BISCIEA SRIGHIA

[S python -m pip install . J

1E shell R iZTE T H R T 724 —ASUF custom. so 2B BULEJHZ) Python - 435 24 BEIE WA T
import custom }F%L{Uﬁﬁﬁ Custom Xﬂ’%o

RXFFAHE, R ?
MR, METHY EE SCBARR IO . BB RS, AU . BRI TRAL,

2.2.2 EEFRGIFMBIEFT E

LEFATE 15— SRR T AR X A AR Bl LEFA TR EZIEB T DA B . FATTR B
AR custom2 REFMIXLET)HE:
#define PY SSIZE T CLEAN

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

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

(T
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(% 750
PyObject *last; /* last name */
int number;
} CustomObject;
static void
Custom_dealloc (CustomObject *self)
{
Py_XDECREF (self->first);
Py_XDECREF (self->last);
Py_TYPE (self)->tp_free((PyObject *) self);
}
static PyObject *
Custom_new (PyTypeObject *type, PyObject *args, PyObject *kwds)
{
CustomObject *self;
self = (CustomObject *) type->tp_alloc(type, 0);
if (self != NULL) {
self->first PyUnicode_FromString ("");
if (self->first == NULL) {
Py_DECREF (self) ;
return NULL;
}
self->last = PyUnicode_FromString("");
if (self->last == NULL) {
Py_DECREF (self) ;
return NULL;
}
self->number = 0;
}
return (PyObject *) self;
}
static int
Custom_init (CustomObject *self, PyObject *args, PyObject *kwds)
{
static char *kwlist[] = {"first", "last", "number", NULL};
PyObject *first NULL, *last = NULL;
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;
t
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 */
(Z5 R 50
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(B 1)
}i

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

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

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

i

static PyTypeObject CustomType = {
.ob_base = PyVarObject_HEAD_INIT (NULL, O)
.tp_name = "custom2.Custom",
.tp_doc = PyDoc_STR("Custom objects"),
.tp_basicsize = sizeof (CustomObject),
.tp_itemsize = O,
.tp_flags = Py_TPFLAGS_DEFAULT | Py_TPFLAGS_BASETYPE,
.tp_new = Custom_new,
.tp_init = (initproc) Custom_init,
.tp_dealloc = (destructor) Custom_dealloc,
.tp_members = Custom_members,
.tp_methods = Custom_methods,

}i

static int
custom_module_exec (PyObject *m)
{
if (PyType_Ready (&CustomType) < 0) {
return -1;

if (PyModule_AddObjectRef (m, "Custom", (PyObject *) &CustomType) < 0) {
return -1;

return 0;

static PyModuleDef Slot custom_module_slots[] = {
{Py_mod_exec, custom_module_exec},
{Py_mod_multiple_interpreters, Py_MOD_MULTIPLE_INTERPRETERS_NOT_SUPPORTED},
{0, NULL}

}i

static PyModuleDef custom module = {
.m_base = PyModuleDef HEAD_INIT,
.m_name = "custom2",

.m_doc = "Example module that creates an extension type.",
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(750
.m_size = O,
.m_slots = custom _module_slots,
}i

PyMODINIT_FUNC
PyInit_custom2 (void)
{

return PyModuleDef Init (&custom_module);

}

IR A 5 2 A B

A custom AU C g5tk ity =A@, first. last 1 number, For first F1 last 25 5205 4 F
Fk QY Python “EAFH . number JEPERZ— C HEEL.

PIE JIDEY ARG IVA: L R T

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

} CustomObject;

ij;zféﬂ” EFATA BT EATBE, FRATHUE /N O BN ) A AR . 270, FRONTFEA R
i :

static void
Custom_dealloc (CustomObject *self)
{

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

}

ESWIRIES tp_dealloc A H:

[.tpﬁdealloc = (destructor) Custom_dealloc, }

Wl ¥ES e iE 2 WA Python JEMERY S| 1141, Py_xDECREF () W] DAIEHIALPES A NULL AYIE ML (X W]
AETE tp_new WL R A) . BEJE BRI SR EAM tp_free W5 (T py_TYPE (self) 115
F)) KRB RINAT . TR R ER AR custonType, ARG A RER—AN T2 561

O #it

TEE IR HI L destructor 2 H - HFATE X T Ccustom_dealloc fﬁi"#/\ CustomObject * &
§5I 15 tp_dealloc BRENFREFTUIHEESZ —1> Pyobject * Z¥k. WIRNIXFEM, HiFaSr &k HiE s .
ey N ORI POE JIE 2 el

A A B — DR — DA =S AR, IR T —4 to_new SCBL:

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

CustomObject *self;

self = (CustomObject *) type->tp_alloc(type, 0);
if (self != NULL) {

self->first = PyUnicode FromString("");

if (self->first == NULL) {

(ZF50)
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Py_DECREF (self) ;
return NULL;
}

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

self->last = PyUnicode_FromString(""

(B L)

FFTE to_new B PR E:

[.tp_new = Custom_new,

1

tp_new ALHRARATTAIE (MARWIIGM) ZFEBIGX G EAE Python RLERFEN _ new ) Hik. E
AEFEE L tp_new i F, EPR FIFLY LR BEMEH pyType_GenericNew () , i [ Custom
RIS — A TR . EBETFOLT , AT to_new ABEGRANF £irst Ml last JEMAIIRN

3k NULL BRI

to_new KHESZPERBILAYEE (RERN custonType, WRBLHIMLHIR—TI) LARTEZLEA
VE B ARAERISEL, FEBUHR BRI 0. tp_new ALFRAS MR HZ AL B KRBT SH, HEN
BRI LESHL, THSHAE RS (B C iy tp_init B Python "Ffy __init_ BR%L) J7

BARIAAT -

O #ik

tp_new AW W AXHHH to_init, FNERESRSBITRHAE.

tp_new LA to_alloc MARMHEAA:

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

T AT EC T RE RN, AT AAEGREERATZ HIR A to_alloc ZPRHHIAHAY NULL,

O #ik:

FATKA BATIET tp_alloc f. M EH PyType Ready () 1 M FRATHY B2 AR B FATTIH 7T
B, HPERIAH object. KA FAIERE M FH BRINK) 40 B SR W o

O #ik:

5| & TypeError, )

IR A —MMER to_new (EXTAMELRA tp_new B __new__()), AR RARTEIBITIH
SR D5 YRR I R e A R B 53R . U S L S IR SR R, I EEANE
) tp_new, BT type->tp base->tp_new, WIRIRAIXFEML, RAYSEELM FIFEARK B HE H
Python & )25 Python TRl REICIEIEH TAE. (HLKHIUL, RATRETCHE G BHX AL 209 S Bl

FATERE LT — M EZSHOR N TN TR AR E R 46 LR L

static int

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

{

(T
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static char *kwlist[] = {"first", "last", "number", NULL};
PyObject *first = NULL, *last = NULL, *tmp;

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

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

}

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

}

return 0;

}

(B L)

HATIATE to_init M7,

[.tp_init = (initproc) Custom_init,

)

tp_init ff{V7E Python BRI _ init () Jrik. EWIRIERIEN XA TRII6 k. WIts i

SOREZALEN R TSR BN SRR ] o TAE A IR ] -1,

AT te_new AP, tp_init ARIE—E PR G101, TEBGATEILT pickle BHURSTEARME
APl BV __init_ (). EEFREHEZ RN . LA AE AEFRATXR EWA _inie. O J5

he UL, BATEAE R ER LI PIHINBOXFRSS first B G RE:

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

}

HEXWHEAHGR. ROTRBIEARRS first BOIZA, I E AT AR R4 42 .

EnPA

WA SPATEXD M fivst WA IITES ) SR H4 n] BE SRR & 7 AT 25 4 TR

PRTEHAN LA iz T A ARSI A TS 52 o

N T RFFETIT FEFA TR X AP ] fEE, AL B ZAE A AR5 | VB AT e AT E B -

A HERAT AT AAS A AR ?
o BIATHBRIES HITHROCT 1 Ak
o MFRAVHREXT SR WEAR SRR GIL WA G BT TR FATT ST AR [T 8 1 o %
o 2D tp_dealloc AbPRER AR STRAEEFLR M 2 2L 1 5 | B i 4.

FNTATRE S RERFFA TR LB AL B R R . A LR DT AT DA — e Sy B A 7 2 5 SO Y
E
static PyMemberDef Custom_members[] = {

{"first", Py_T_OBJECT_EX, offsetof (CustomObject, first), O,
"first name"},
{"last", Py_T_OBJECT_EX, offsetof(CustomObject, last), O,

VMRS A R TR, AR B B A RO At
P AEATR B EA T to_dealloc AFRZEAHIIX—HLH], PONBATAZEHRUR SRS L.

(BT ID
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(750
"last name"},
{"number", Py_T INT, offsetof (CustomObject, number), O,
"custom number"},
{NULL} /* Sentinel */
}i
HRf e SURE S| tp_members H{7H:
[.tpﬁmembers = Custom_members, }

B E SCRA LR A PR KB, . U7 MEARF SR A R . WS 0 Nz 2 5 1 72 /)
Tk T AR . section below for details.

W7 Sk i 2 — 2 B B S PR ] ] B (E 4 Python JEMERIA R INE . FA 1T first A1 last 11
AT, ABENT AT AR 9 AE 7 Python X4, BLAh, X L8Jm kit n] PAREIMIER . F4F C $84Ti%
yNULLo RIEFRATH] AGRIEIX LE )8 BRI AR A R A NULL AE, ARG L A Bk L8 B 53 75 T e e A

NULL,
FAME L—A AT, Custom.name (), EFFXIGRAFRE 1A first 71 last 24 FRAGPFE -

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

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

}

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

}

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

i

ZITIRAR S BB g — M52 custom (Hclass:/Custom [1-39) SEBIE NS — AN SHH) C K%L Tiik
BRI LB A B TR MR MBI KPS, AR P RATR AL S
BWAFR ELZ M ESHOTH S SR . %I T AR Python J5i4:

def name (self) :

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

THEEINTUARGA first Fl 1ast WO AHEN NULL. SO ENTAIDABNER , TERCHTOL T EA]
SRBEN ;\TjULLo B AR B L ek 28 S R SR M R (B FR B A P AP R - BRATTRAAE T — 3 1 A a gy
X — A

BUAERRATE 2o S 1 7k, FRAFEZEQNE— ik SR

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

bi

CFERRATEN T METH_NOARGS HMIFRASE LI EANUER HZ Ik self LASMNIEATZ4K)
HRFHIRS tp_methods FE{L:

{.tp_methods = Custom_methods, J

o, FRATRHEFATR B T VIR A T2 . FRATRS DR B RN T 5 YA DA ENTA S BEE IR
FERE A S XIS R A, B DATR AT 75 B 2 K Py_TPFLAGS_BASETYPE NI B FRATTI AR &
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X

[.tp_flags = Py_TPFLAGS_DEFAULT | Py TPFLAGS_BASETYPE,

)

FNTHF PyInit_custom() EAFL A PyInit_custom? (
BB PyTypeobject A2 REIEA

i, FATHH setup. py SUPFARAIEH B,

, B PyModuleDef S5 AFR, I

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

1)

R HATE 2 ATERERS import custom2:

[$ python -m pip install .

2.2.3 REX T HIBE M EARE

TEATTH, FATRXS custom "Bl £irst Ml last JEMER I E VAT RGN . FEFAT E— Hﬁzlilél’ﬁﬁ
ﬁ%EP SBIAER first M last W] DABCBONAEFAFREE Z00MPR . AR EF RS LR IR A A

FFE

#define PY _SSIZE_ T CLEAN

#include <Python.h>

#include <stddef.h> /* for offsetof() */

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

} CustomObject;

/*

/* last name */

first name */

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

Py_TYPE (self)->tp_free((PyObject *) self);

static PyObject *
Custom_new (PyTypeObject *type,
{

PyObject *args,

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;

PyObject *kwds)

(T

32
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return (PyObject *) self;
}
static int
Custom_init (CustomObject *self, PyObject *args, PyObject *kwds)
{
static char *kwlist[] = {"first", "last", "number", NULL};
PyObject *first = NULL, *last = NULL;
if (!PyArg_ParseTupleAndKeywords (args, kwds, "|UUi", kwlist,
&first, &last,
&self->number) )
return -1;
if (first) {
Py_SETREF (self->first, Py_NewRef (first));
¥
if (last) {
Py_SETREF (self->last, Py_NewRef (last));
}
return 0;
t
static PyMemberDef Custom_members|[] = {
{"number", Py_T_INT, offsetof (CustomObject, number), O,
"custom number"},
{NULL} /* Sentinel */
i
static PyObject *
Custom_getfirst (CustomObject *self, woid *closure)
{
return Py_NewRef (self->first);
t
static int
Custom_setfirst (CustomObject *self, PyObject *value, void *closure)
{
if (value == NULL) {
PyErr_SetString (PyExc_TypeError, "Cannot delete the first attribute");
return -1;
}
if (!PyUnicode_Check (value)) {
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);
}
static int
Custom_setlast (CustomObject *self, PyObject *value, void *closure)
{
if (value == NULL) {
(Z5 R 50
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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 */
i

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"
Iy
{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 int
custom_module_exec (PyObject *m)
{
if (PyType_Ready (&CustomType) < 0) {
return -1;

}

if (PyModule_AddObjectRef (m, "Custom", (PyObject *) &CustomType) < 0) {
return -1;

+

return 0;

(B L)

R
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~
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(B L)

static PyModuleDef_ Slot custom_module_slots[] = {
{Py_mod_exec, custom_module_exec},
{Py_mod_multiple_interpreters, Py_MOD_MULTIPLE_INTERPRETERS_NOT_SUPPORTED},
{0, NULL}

}i

static PyModuleDef custom module = {
.m_base = PyModuleDef HEAD_INIT,

.m_name = "custom3",

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

.m_slots = custom_module_slots,

Fi

PyMODINIT_FUNC
PyInit_custom3 (void)
{

return PyModuleDef_ Init (&custom_module) ;

R T AP £irst B last JEME, AT B @& W AR E A R DUTF 2 A T LUl
W first JETERREL
static PyObject *

Custom_getfirst (CustomObject *self, woid *closure)

{

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

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

J

BRI BB — > Ccustom MR —A> “PI”, JF#E R SR AT, S 6am. (HF
A SRR E SR P 2 B M B AR I s U k. BN, 3 mT AR o e i/f— 4R BAS ASL ELAS R
HOHR 5 A1 ) B SR e S B B SR )

BCEAR R B SZ LA custom WPR . FHEMPIA. B{EW HEN NULL, FEXFFOLT BRI ER . fEFk
I BCE ST, AR BRI R s AR A 2 P AT W &5 K — iR

AN PyGetsetDes L5 EL:

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

}i

(B L)

HTE to_getset FE FHEME:

[.tp_getset = Custom_getsetters,

)

1E PyGetSetDef AT IRG— U2 LR B “PI”. fEARBId, BOTBA MMM, HItHE]

HA&E A NULL,
FAVIBRLER: T X 2L Jg@ M1 il 51 5 S

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

}i

RATEFENRF co_inic AIIREHHN HAVFE TR

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

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

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

}

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

}

return 0;

}

WX L e, AR HIAE first FI last WO —E AN NuLL DAEFATRERE LT B A 1% il TR 1
NULL {EAG . X WRE KB py_xDECREF () J# AR W] AR50 h py_DECREF () P FRATASRE 2L

TXLETE I ME—39 B2 AE tp_dealloc SEELH, AR HLX LR BRI IR AT FTRELE tp_new HRIE.

AL E Ay 27 1 R AR AL eR ORI U6 A0 B0 B rh AR B, R I 2 BB — ATl

setup.py CHRMNT — MM E XL .

3 BUAEFRAT VNG first il last i GUBPRFAFER, PRI VFRATAT ARES BT 5 I BOR R Ve, (2, FefiTifdE
TRAGEB] . B EEREACE I8 TR R A QX FATHIT QTR Ff T EA BEAERE A — 45 53 T F SE B X FATHIXT G

ATl

52,2 S

ZFLFER
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2.2.4 ZHHEWLIREIW

Python HA7— >0l ARRIHAS %E’JXT%B’JWH% eI Z (GO) RMEEMTRSI B AN E . X F
HOLSTEN RYAGERT | I KA. N, BeAt:

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

FERXABI T, FATRIEE T A BrsE. SRATMER e, eRRaa kA A
SRS . BRGITTEOFRE NS . SEisfyE, Python [ RERLLR [al e & & RS2 TC Y
B HRELE .

7E Custom RBIKIEH _AHCA, FATAVHERATB S RAFHE] first B lase J@lER' wooh, 7E56
THEE=AA T, FATE SRV T RAL custom, FH TR ABIMEZ B T XA I A A A
—4~, custom XFGUELAT DAIAGEER:

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

>>> n = Derived()

>>> n.some_attribute = n

BICVF—ADIMAG T HRIRY custon SLUIREARIF GC IEHIRLNALLE, AT custom ARG EIHTEH
ANBE M (L I — TR o P X 2R A -

#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 *arg)
{

Py _VISIT (self->first);

Py_VISIT (self->last);

return 0;

}

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

}

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

Cawy

ST, BB R AT ARG AR S, R PR T AR AMERE str TS 0 AE RS A0S | AR SR
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static PyObject *
Custom_new (PyTypeObject *type, PyObject *args, PyObject *kwds)
{

CustomObject *self;

self = (CustomObject *) type->tp_alloc(type, 0);
if (self != NULL) {

self->first = PyUnicode_FromString("");

if (self->first == NULL) {

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

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

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

if (first)
Py_SETREF (self->first, Py_NewRef (first));
}
if (last) {
Py_SETREF (self->last, Py_NewRef (last));
}

return 0;

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

bi

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

return Py_NewRef (self->first);

static int
Custom_setfirst (CustomObject *self, PyObject *value, void *closure)
{
if (value == NULL) {
PyErr_SetString (PyExc_TypeError, "Cannot delete the first attribute");
return -1;
}
if (!PyUnicode_Check (value)) {

(B L)

R

B

~

)
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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, woid *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);
t
static PyMethodDef Custom_methods[] = {
{"name", (PyCFunction) Custom_name, METH_NOARGS,
"Return the name, combining the first and last name"
I
{NULL} /* Sentinel */
}i
static PyTypeObject CustomType = {
.0ob_base = PyVarObject_HEAD_INIT (NULL, O0)
.tp_name = "custom4.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,
(Z5 R 50
22. BET RER: #E 39




Extending and Embedding Python, & {ThR% 3.13.7

(#2 E50)
.tp_traverse = (traverseproc) Custom_traverse,
.tp_clear = (inquiry) Custom_clear,
.tp_members = Custom_members,

.tp_methods = Custom_methods,
.tp_getset = Custom_getsetters,
bi

static int
custom_module_exec (PyObject *m)
{
if (PyType_Ready (&CustomType) < 0) {
return -1;

if (PyModule_AddObjectRef (m, "Custom", (PyObject *) &CustomType) < 0) {
return -1;

return 0;

static PyModuleDef_ Slot custom _module_slots[] = {
{Py_mod_exec, custom _module_exec},
{Py_mod_multiple_interpreters, Py_MOD_MULTIPLE_INTERPRETERS_NOT_SUPPORTED},
{0, NULL}

bi

static PyModuleDef custom_module = {
.m_base = PyModuleDef HEAD_ INIT,
.m_name = "custom4",
.m_doc = "Example module that creates an extension type.",
.m_size = 0,
.m_slots = custom_module_slots,
bi

PyMODINIT_FUNC
PyInit_custom4 (void)
{
return PyModuleDef_ Init (&custom_module);

W5, WAL GC HIARES S RN FX 4R

static int

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

{
int vret;
if (self->first) {
vret = visit(self->first, arg);
if (vret != 0)

return vret;

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

J

XHFEEA T DUIASGERG A4, FRATERT A visic O REL, BoWEMAEII . visit ) K
WG TN RN L5388 i 5 VBN I arg VRS H. BRI — M A E R AR ]
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R -

Python #24it T —A~0] B 2 H] visit K py_vIsiT () %%, ] py_visiT(), A0 PAE/Nb
Custom_traverse EPE’\J(E%I?E%

static int

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

Py _VISIT (self->first);

Py_VISIT (self->last);

return 0;

O ik
tp_traverse ifm%ﬁﬁ%%ﬁ?ﬁ?@ﬁﬁﬁ%ﬁ visit ﬂ] arg W\@{%Jﬂ Py_VISIT().

7, BATE RS IE ARG BRAL ] AS PRI T X5

static int

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

}

THER py_CLEAR O KM . B IEIRME R AR B B M Il 5 T TR 7 Y H 22 4y X
AR IR PA LR R IE B NuLL Z AR R BV py_xpeEcrEF (), WIJEAERIHTHE A 0T AE S IR
BEPOZ R R A (31 = RAFAES TR 35) -

0 #ir
YRA] PAIE S PA N B ¥R AR Py_CLEAR ()

PyObject *tmp;

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

TeE W], AE N 1% )@ 1 B 4R 2% {3 i) Nevertheless, it is much easier and less error-prone to always use
Py_CLEAR () #R@2 A HIE ARG A . A EE S DAL A A B i ML A !

FEjils custom_dealloc WRERTEIN BRI LB . XEIREIEES GC AT LATE bR N HR 1 il ¢
i T GC HU5 AN E, FATF L@ pyobject_6C_unTrack () Heil GC 45 kB EAH K1Y
X%, FHEZEF1HH pyobject_GC_UnTrack () fll Custom_clear B FSCIAREIES:

static void
Custom_dealloc (CustomObject *self)
{

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

}

B, AR py_TPFLAGS_HAVE_GC REARENINE AR H:

[.tp_flags = Py_TPFLAGS_DEFAULT | Py TPFLAGS_BASETYPE | Py_TPFLAGS_HAVE_GC, J
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XFMEAZ T o MRS T HE XM tp_alloc B tp_free AEBHE:, WIFATH ZH R IEIRLIL 0]
WPORBHE . KZH R 61 B SR LA .

225 FoRMLHMAR

BIEIRA F IR KRR R AR AT RERY . B D IIMEE e NN EZE AR, PR3 il AT (b i
BT PyTypeobject . FEAFAY B AL FIX L pyTypeobject G4 NIZ HXER .

FEABI R FR AT AR [ 8 1ist 2800 subList B, XA BE AR ML, H
YA —MESMY increment () J7 & T B34 YR AR (9 8 :

>>> 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 1list;
int state;

} SubListObject;

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

self->state++;

return PyLong FromLong (self->state);

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

bi

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

return 0;

static PyTypeObject SubListType = {
.0ob_base = 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 | Py_TPFLAGS_BASETYPE,
.tp_init = (initproc) SubList_init,

.tp_methods = SubList_methods,
bi

(T

42 Chapter 2. RERE=FTRIET R



Extending and Embedding Python, & {ThR% 3.13.7

(#2 E50)
static int
sublist _module_exec (PyObject *m)
{
SubListType.tp_base = &PyList_Type;
if (PyType_Ready (&SubListType) < 0) {
return -1;

if (PyModule_AddObjectRef (m, "SubList", (PyObject *) &SubListType) < 0) {
return -1;

return 0;

static PyModuleDef_ Slot sublist_module_slots[] = {
{Py_mod_exec, sublist_module_exec},
{Py_mod_multiple_interpreters, Py_MOD_MULTIPLE_INTERPRETERS_NOT_SUPPORTED},
{0, NULL}

bi

static PyModuleDef sublist_module = {
.m_base = PyModuleDef HEAD_ INIT,

.m_name = "sublist",
.m_doc = "Example module that creates an extension type.",
.m_size = 0,

.m_slots = sublist_module_slots,
ti

PyMODINIT_FUNC
PyInit_sublist (void)
{
return PyModuleDef Init (&sublist_module) ;

IR L, A S Z B L Y custom R BIAER AL, BATRFE— BT ENTZ 184 32 2 X .

typedef struct {
PyListObject list;
int state;

} SubListObject;

IRAE RN R ) TR FAE T H R BRI G AR 26— ME.  BESRALR C 2AE ARk

57 PyObject_HEAD () »

24—~ Python X4/ subList HSEHII, B Pyobject * f8ET R AR Z A U5 il H 4ty PyListobject

* Ml SubListObject *:

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

FATATATE TR B QTR A2 I B B inie O Tk

XA ST A HE X tp_new fll tp_dealloc M AMERMNRE E. tp_new B A N HA
tp_alloc MXIREFFDMTLNAE, Mgl iRmuL M H O tp_new RALFE.

PyTypeObject GiHMASIRF /] tp_base $HERMMLRES . T H5-F G 9 IFARH M, ARICIELAXT
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PyList_Type HY5| IR EIREFELT B BV 2UTE Py_mod_exec B SE A

static int
sublist_module_exec (PyObject *m)

{
SubListType.tp_base = &PyList_Type;
if (PyType_Ready (&SubListType) < 0) {
return -1;
}
if (PyModule_ AddObjectRef (m, "SubList", (PyObject *) &SubListType)
return -1;
}
return 0;
}

< 0) {

J

FEVHH PyType Ready () ZHl, REGEMIANAT AIHT tp_base L. BIRATAIALEIRAR,
ANFFENRF tp_alloc HHHIEHN PyType_GenericNew () - 3 H BRI 73 e R LK S WLARIK

TEHBZ 5, WM pyType_Ready () H-KFEAF RAMN B (1) i A2 5 HARY custom _ B2 —FE .

23 BELY BRER: EFXE

AREAT H AR AP ] PASE B 2E8 Ty vk R R A 4 -
X2 CRA pyTypeobject E L, AW T AT WM B

typedef struct _typeobject {
PyObject_VAR_HEAD
const char *tp_name; /* JATH H, & A A "<module>.<name>" */
Py_ssize_t tp_basicsize, tp_itemsize; /* J§ T 48 */

/* T EAAREREN T E ~/

destructor tp_dealloc;

Py_ssize_t tp_vectorcall offset;

getattrfunc tp_getattr;

setattrfunc tp_setattr;

PyAsyncMethods *tp_as_async; /* Eﬁ@,ﬁ tp_compare (Python 2)
B, tp_reserved (Python 3) */

reprfunc tp_repr;

/* RTIRERK T & ~/

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

/B RRERE (XBAT Za#aRE) +/

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

/ ATUBMAN/BEZAR TR E ARG EE

PyBufferProcs *tp_as_buffer;

/* ARTREXTFHR/TREERETFENIER */
unsigned long tp_flags;

(T
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const char *tp_doc; /* XA FfFE +/

/X 2.0 RARE AW AL </
/* AP A 2R R </

traverseproc tp_traverse;

/ M raexdZms |l o/
inquiry tp_clear;

/* 2.1 RARELEE A X +/
/5 EHBRBE A/

richcmpfunc tp_richcompare;

/* BHEIRMER */
Py_ssize_t tp_weaklistoffset;

s HRE 2
getiterfunc tp_iter;
iternextfunc tp_iternext;

/* BHBREMTEUAE */

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

s/ EXRBWEG R, RAXANENT A
struct _typeobject *tp_base;

PyObject *tp_dict;

descrgetfunc tp_descr_get;
descrsetfunc tp_descr_set;

Py_ssize_t tp_dictoffset;

initproc tp_init;

allocfunc tp_alloc;

newfunc tp_new;

freefunc tp_free; /* MERWEBRKNFEHE */
inquiry tp_is_gc; /* For PyObject_IS _GC */
PyObject *tp_bases;

PyObject *tp_mro; /* HEMMINF */
PyObject *tp_cache;

PyObject *tp_subclasses;

PyObject *tp_weaklist;

destructor tp_del;

/* REBURZFERAFRE. & 2.6 REBMW +/
unsigned int tp_version_tag;

destructor tp_finalize;
vectorcallfunc tp_vectorcall;

/ XA BB ER NGB E /
unsigned char tp_watched;
} PyTypeObject;

(% L 50)

RHA R Z Tk AHRAERIRL, WRREE 2R, i AR LRIk

IEARIE RN, FATIEE R G R B o PROAA R AR 17 e SRS i 7 BLi e
P AFRAIAS 2 ARG E NI S5 H (A B SO IH . 187 AR R 5 R B — D & IR 2 7 By ) 1,

IR AR E B AR 2

[const char *tp_name; /* A FITH */

)

R T - E—ERIEN, SHIERZHTT, JLTEWEE N T MR, 2l — M a7,

23. EUYRER: BoREH
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YT ZWRAH ).
[Py_ssize_t tp_basicsize, tp_itemsize; /* A T4 E */ }

X B BRI AT I A S T A B X SN T3 2 E 2 DN A . Python S T RIAZ K Y ZEHY . (R -
TR, ) AUENESCRE, X2 tp_itemsize FEAFTERIEH . X ARG IR o

[const char *tp_doc; }

DX HARATABCE — Ber A e (BCE ERthl) , 44RAEAE Python ARG oby. __doc_ IR [ B S0
TAFH
IAEFAN B — T EALRTTE - KB LR TE

2.3.1 KLEFAERER

[destructor tp_dealloc; }

YIRS BT TR D 2 B Python MREIRAH B MBI, KRR ML R, ARARIRILA
WA AT ORI B T HAE S, AR A DR B HE . R RA B R X R PAR 2 IR 7
ik

static void

newdatatype_dealloc (newdatatypeobject *obj)
{
free (obj—>o0bj_UnderlyingDatatypePtr);
Py_TYPE (obj) —>tp_free ((PyObject *)obj);
}

BSRARA ST SRR e, AT A g 2224 1 P AT A DA T B Z BT 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);

}

— AN BRI PR AL ZEROR T A R R B e A8 X AR EELE AR A S R i )
WH, YkFEREE (TAEEERED, N AETINERIP R E B — R MR e . R
AR ATATAT T 2 EHSME M EY Python (LR RAG A 70 @ B RO E . X A e R EBURRA 1 5 1k
iR, IEMMRIP TR, TR ZEMEERT, RS, NETEHERERE . &0 Al
PyErr_Fetch () fll 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;

/S ZERFLUAMFERES

PyErr_ Fetch (&err_type, &err_ value, &err_traceback);

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

(Ca)
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(750
else
Py_DECREF (cbresult);

/o X ERABGHE W RERS

PyErr_ Restore (err_type, err_value, err_traceback);

Py_DECREF (self->my_callback) ;

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

O #ik

PREEAEREIAR R B P L AP THI BV E A BRI o 2558, WIERARIG 2B SE B Bk (ff ] tp_traverse
/B tp_clear), XTRMFD B W] DAFEWH tp_dealloc BIEHHASE A LS. HIK, 7E tp_dealloc
H, ARIXT SR TARERAS : BMEI TS TZ . A EHEBRAT 580 APT A9¥E A (a0 _E T
TN B 2B AT RE S TR B to_dealloc, SEONEREHOIN &AL B .

M Python 3.4 FF-if, HEFEABAE tp_dealloc BUR Z4MILLEATD, T2 HH to_finalize KA

& B0
PEP 442 R TR A LT R

23.2 HRBR

AE Python ", A Fh 7 2] DAAE BURT SR IK) SCARF IR repr () BREUH str (O BREL. (print () B HE
W str (). ) XLELb PR FHE S ] Y .

reprfunc tp_repr;
reprfunc tp_str;

tp_repr ALFIREF W AZIR Bl — A FAF RS, H W& B RS pl FoniEal. S — i B o
¥

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

WRBAEFEE to_repr ALFE, MARESRFFIRAL— AN H AW to_name PR LU A SRS ) ME—Fg

PUE.

tp_str AABERNT T str O BLA AR tp_repr ALPRESXS T repr () —FE; WU, BES7E2Y Python
FRABLEARAIAT G2 B AL R ste O B8R .. BRISEHS to_repr BRECEFE ML, (HHLEREFFRF
R NREFT . WRKIEE to_str, WS to_repr ALHEZRAES.

MR AR B

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

XTI SRR AR BRAERRT G, A1 R SRR A 42 s PRI U s B 7 20— e
RSB IER RE (AR SC TR R IE) A 7 — RSt B rE (AR At Em k) . BEE
PR —FRATE DL, TEBURG UL T 2L 4 A BRI R E ) NULL,

Python SHFPIX R AL AR . — A SCRp B BAE I B A FR 2L U — X s . I 22 5T
X chars MENEIEATR, 50— XS pyobiect . 43 FhIHUHTAT DA SRR 0T SC BUAY (3 A1
el A T SR

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

/% coo =Y

getattrofunc tp_getattro; /* PyObject * ﬁ&ﬁi */

setattrofunc tp_setattro;

MR TR — ARG JE M B A B B BRAE GRORFAE R SCHlEATIRRE) |, A — 237 ) S mT 4 R 3R 3L
PyObject* MUAHJEIEA BRI AL, M Python 2.2 FFIAXT TR A L@ 1Y B AL FEZR 1Y L PRk B L F-E 58 4
R, R IAFAEE VL W AR BB R SR i T e 12 ML 37
ZHEMER
KEFP RERIAMH FitpErE, Ba, 2A2ibEHASE “fer ig? HFEE e N L&

1. 2498 pyType Ready () i}, WAFUHITEEYERIZFR.

2. REFEAFRIAL BGOSR B M R S e B, AT TR R BURAE
YRR, WA EVEAME . (R T A IR s A ¢ B ) A 2t A AT R i

24 pyType_Ready () VR I, B 260 A i 2B S 051 B = A 26 ok 1) 2 52 i B 3 8 R0 5 10 7
B [ descriptor . AR AR FOS SPGB — AN BRI . A FEE TR R EA RS
# A NULL, U A A SEBRE R A B AR R B ROk B SR M, I HAE B 241k tp_getattro Al
tp_setattro FEPRHREN NULL, DA SEAE B A FHX S Jg 1

FEH A object:: T = AN B

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

HISE: tp_nethods A NULL, MG eymethodves LHIKALKIIRAL, FrtrigigA % H
R —

typedef struct PyMethodDef ({

const char *ml_name; /AR </
PyCFunction ml_meth; /* LR B */
int ml_flags; /* TR */

const char *ml_doc; /* XK EHFE +/

} PyMethodDef;

I 24 1% B PR R A DO EIR R E L — 0 H s MEERBARFOR I Lo/ e Ok H .« IBFRETER
Bm—AEoMNaaH s B MRc SRR A H o %R H 1) ml_name FBUUUN NULL.

B AR E SCE WSS LB T s . ARG C ANy 2 850, I Hysi oy =]
DA R s . RS e SOA:

typedef struct PyMemberDef ({
const char *name;

int type;
int offset;
int flags;

const char *doc;
} PyMemberDef;
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YR NKH, B E—A descripror H-E%INE) 2T Hr i L REDE M LB 5F 1R PR EUE . type T
B A — A RARAS AN py_T_INT B Py_T_DOUBLE; A{EL¥F FH T4 € QfaT-KF Python {E 4%k C (Aol
Z . flags FEH TR S B MEZ AT g s ) i AR« /R0 DORFESR Sl py_READONLY PARJ 1F Python 48
MEEE .

i1 to_members FRAME T2 TH AR IEA — A BRI IE S AT DLXFR 7 20 I @ PR vT
DATE] BRI A 2 FR AR SO SRR B R SO A ER . — AN AR AT DA A B APL SN}
SRR, A doc_ EHRIKBUUY P47

5 tp_methods F—#f, FEAH—MEN NULL ) m1_name MHEFKH .

KBERMEIEER

HT R, XHERBEIR char* U4 name JESHYRALE char* Hil Pyobject* WUk 11 Z AR ME—
DAl XA IS ER B TS Bz s GRS, (H i HAE Python 2.2 HRs i iz JH 3045
EAERE T AL BE G BB AT BRI Y, AR AR L5 2 R E AT RE, RS At 42 FH
(LGhR

tp_getattr ALPRER SAEXT R T BHATBIE AR . BRI G5 —DEM _getater_ 0
J7 R EAR 3 A AT o

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 (0obj) —>tp_name, name);
return NULL;
}

J

ML __setattr_ () B __delattr_ () HiERISTHH tp_setattr AbHES. YUFHEMER—
NEHER, H=ESH o v, N ARG | R SR R0 G R IR SR AR AR, )
tp_setattr ZLHIZELY M4 % A 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 HHRILE

{richcmpfunc tp_richcompare; J

tp_richcompare AbPRE STERG RIEAT LRI HA M . BRET & HEIE, Bl _1c_ o, ok

PyObject_RichCompare () ﬂ] PyObject_RichCompareBool () ﬂﬁﬁﬁ o

1M BRI BSOS T BEREAL A Python X RAEHEAFENSEL, HP BB N py_FO, Py_NE, Py_LE, Py_GE,
Py_LT B{ Py_GT Z—. ‘BN 4 Fi$5 & Wiz AT R L A X G AR H R B BN IR [9] Py True B
Py_False, UNSRHELHAERYL LI B 2 HAXS G2 LU Iy VAR iR [1] Py_Not Implemented, H{ AN
RBE T 5 R [F] NULL

R ARBIEEL, B R PR I R SE A R A SR
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static PyObject *
newdatatype_richcmp (newdatatypeobject *objl, newdatatypeobject *obj2, int op)
{

PyObject *result;

int ¢, sizel, size2;
/* BT HAEWNNS I A newdatatype KB W R +/

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

switch (op) {

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

}

result = ¢ ? Py _True : Py_False;
Py_INCREF (result);

return result;

2.3.5 R HE

Python SCFFE M 4% WIS BB HIIRSEE 1110 61 1 11U AE absteact 177

IO 6 1 RS RLAE Python ST A0 FUMBE SLEG . S, BT . WRIFRUEIHUAL TP
EL£252 Python IALIGHA . SLABHISUURIFATENGG . 1 T HOBURELER 11 XS U0 A RES IR Hi
R, BRI AR SO ARG T3 T AT B T 8 T ROBT A0 PSR B AE E AR iR
ATBOMIOMIL, FE4 AT — LSS G SRR % R A2 . (BB B 2
R oL (0T, DA BAEERHI — M GLIOTE e, (ELBOA (L0 T RE R A BLEIO IS )

PyNumberMethods *tp_as_number;

PySequenceMethods *tp_as_sequence;
PyMappingMethods *tp_as_mapping;

WRAR A BARBIS RIAT R EFE TFHB X 5, BB AVREE s AlcE — el T C 288
PyNumberMethods, PySequenceMethods EZPyMappingMethods,E@?ﬁ*@ﬁﬁﬁ@ﬂﬁﬂto @%E@ﬁi%%%?ﬁiﬁéﬂﬁﬁi

ALK . YRATPALE Python YR KA Objects HRAHHREIX LR 544 [ i MR Bl o

[hashfunc tp_hash; J

URARVEFR SR UL R, 8 R 2 A AR R SR 2 ) S 3R ] — IS A KB T T e — R ER A s

static Py_hash_t
newdatatype_hash (newdatatypeobject *obj)
{

Py_hash_t result;

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

return result;

}

J

Py_hash_t @ —MEGERRT BIAR-FSRA TS BB, M tp_hash &[0 -1 FoREA TR, X
WA AR, 24 T ARG s S IR [ e, A0 T I s i

[ternaryfunc tp_call; J

50 Chapter 2. R"fERE=FTHEEYT R



Extending and Embedding Python, & {ThR% 3.13.7

BCRRELAE VY ARMBOE B SC BT RIR A, 280K U6, TR ob3 1 RARMYEE T L4l T Python
AL E T objl (*hello'), WM tp_call AbPHEAS.

W =25
1. self &VE R B AR EERIEBLSEE] . R E objl (*hello'), W self A objl.
2. args RAUETIRASEBYCH . RATABEH PyArg_ParseTuple () RIEISHL,

3. kwds B HE AR BT SHEA BN T, WIREA N oLy HARSZ 2857 S5, W a] fE
PyArg_ParseTupleAndKeywords () RIS, WRARAA S F; % fg 7 2800 & Ak NoLw {4,
M2x5| % TypeError A — MR LR X EFESEMIHEE .

RN YER) tp_call SLHL:

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

PyObject *result;

const char *argl;

const char *arg2;

const char *arg3;

if (!PyArg_ParseTuple(args, "sss:call", &argl, &arg2, &arg3)) A
return NULL;

}

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

return result;

}

/* Iterators */
getiterfunc tp_iter;
iternextfunc tp_iternext;

T L8 pR B AL TR R AR I SRR . XA PR A K2 — B S, BB AR UR B BT 0 A 52
B, FHRE—ADFRGIH . MAERRE, AR E 5 R E NULL. tp_iter XFLV T Python
__iter_ () Y%, T tp_iternext XfWF Python __next__ () F¥E.

LAiterable X GFRUMLIL to_iter ARG, AL PG AAIILR 0] — A iterator X5 . N5 Python 3¢
JIt 2 P ] i e

o XTI ASCRRZ AL A 2 R (FIRAITTE), WV ATERF AT to_iter WAIEITR
] — B R AL -

o HEERHER kA% (EH Eh T EREIENMAT ), Flanscfxds) mrAE R al—4~F51m
H S5 R tp_iter - I HoWIIA R 2452 P) tp_iternext AbPRER,

{EAifiterator ST ERN X4 [EIRTSCH tp_iter Fl tp_iternext, — P iEfURHH tp_iter AbPHASRY 24 1% 0] —
G IEZIERIRAHE I H . B tp_iternext ALBRERM 23R [0]—AF8 ] EREAEM N — X Z 0035
A, WREH T X200, MEERCEEARRE, W tp_iternext A PR [ NULL AN & 5,
s T AFEIR [9] NULL (PR F 3R IMAE stopIteration; i v AP AL A TERE . WISk &R
TEEBREEE R, W tp_iternext WY R E AN FH IR M NnULL,

2.3.6 555| A3z

One of the goals of Python 555 | [l SLELHY H bnz — & AAVHMER RS 5 555 FIHLHI A SAE L RE A0
Z (BIngey) BN

& B0
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weakref BB SO .

ST AR RS, BRI E tp_flags F B Py_TPFLAGS_MANAGED WEAKREF HAH{V.
IHEHY tp_weaklistoffset FFERI YRR,

FARHITE, PAF U@ i A B R 28U G A 1

static PyTypeObject TrivialType = {
PyVarObject HEAD_INIT (NULL, O)
wm Y xRN ERBEE ...
tp_flags = Py_TPFLAGS_MANAGED_WEAKREF | ...,
}i

ME—[F) & IMP FE A2 to_dealloc TR EIFEFRALAT555 ] H GHiL M Pyobject_ClearWeakRefs ()):

static void

Trivial dealloc(TrivialObject *self)

{
/ ERRAEMNHEZMEFTREINA ~/
PyObject_ClearWeakRefs ((PyObject *) self);
/. BB MRBHEKBSIUNERSEHE ... ~/

Py_TYPE (self)->tp_free((PyObject *) self);

2.3.7 EZEW

N T 2T WA ARE B RE R B S BUTAT R e T3k, WARICPython J5AGHS . HEA objects Hk, AJETE
C FESCIFHRER co_ I EARAEZ R AL (BN, tp_richcompare). ARFFREIVRAEZESLBLN R LN B 1

MARTEHUE— DX R ARSI A BAR LB, 3] pyobject_TypeCheck () %L B/
— M HER BT

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

Ll IV
TF# CPython JE{RISRRAS .

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

GitHub |-J% CPython J5E{Ci%¥) CPython LiH .
https://github.com/python/cpython

24 W CIC++ ¥ B
CPython B C P e — ML S (40 Linux _BF) . so, 33 Windows [ .pyd), HESH > 1451k
FHEC

AT A, HEEVHGTE pyTaONPATE A, HOAB# BSR4, HAA EFY A . X4
fifi ] setuptools B, £ H a4z BIER ) SCH4 .

WIaE A R B R AT -

PyObject *PyInit_modulename (void)

R HOR [0 SERERIR Al PR, 5> PyModuleDef SEfl. THEA initializing-modules T # A
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T AR ASCH EAFIRERL, pRELU B 44N PyInit_<name>, HH <name> FF{ff FALHLY
AFRARR R . 24 ] multi-phase-initialization i, BIRAFR AL EIE ASCI F4F . FEHEEOLT, WIthik
PR FR R PyInitU_<name>, H A <name> ¢l ] Python ¥ punycode % bkt 38 4 i M 45 15 4585
Bk FRIZk. 7E 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 PME—A B RL 2 R, lid E LEAWIIR IR A T AT 35 AT o i s 7 A
E‘%, 7%)%% A XN TSR R A S B R T AN E R ey S AR EY, fE PEP 489 1
(BN

2.41 {EH setuptools #3§ C 1 C++ ¥ &

Python 3.12 F B B AR AS A 402 distutils, 522 https://setuptools.readthedocs.io/en/latest/setuptools.html
1 setuptools SURYKEE ZHh T A a1 A setuptools KA EFI 4 & C/C++ H7 .

2.5 7 Windows t#3& C 0 C++ ¥ &

X— BB A T WAl F Microsoft Visual C++ 41| 2 Python (1) Windows §" B SR 5 R ALA X H
IﬂEMEE MTE T (5 B o X SEUE AP R}HR] HE T Windows 27 5127 > ¥ 2 Python 4" i PA & Unix 7
JF B2 ST el A S AE Unix Al Windows |35 B8 BUIAR B4

SRR distutils 7 XORA Y RAEL, WS AT IrfliR e oy X R B C gRiF
a5 7 Python; 1% M Microsoft Visual C++,

O #ik

E—EHRE N T 2 MG C 4t Python HUASS 1 SCIR4 o X L84 DA R A XY IIRAS 5ok 3R 7
SEEHT, xR RETEE ) Python A AR AT Y RN S BN, AnsR AR AT A
42 Python 2.2.1, xY ¥k 22,

251 SEitstikag

5% Unix E—#¢, £ Windows 1G4 JRABHBA IR ] setuptools fRIEHIMEIHRE,
FETHEAE. setuptools 3l FREHP JE; [ setuptools MIEAIFT LY RAFEL) SCRY WAL A
setuptools #13% C Fo C++ I o WERAREBREM T ETFhEAE, IAMHR—T winsound Friff FERLELY)
TiH 4 n] e RAH . standard library module.

2.5.2 Unix #1 Windows Zalfy =%

Unix 1 Windows X T (U Bz A7 IR 2 6 1 7 58 AR B9, FEARS M T gh S m # g it 2 7,
BT AR R G2 U TAERY

£ Unix 1, —ADIEERG (L so) SUPFH &1 AR e R (A ACRD , th A SR e rh n] Bk B 1) e 0
PRAEE . 2SRRI I, O SCPRAURD Hh ok 26 e BRI Bt ) 4 v | R SR R 1) AR
Hh R RSO E N A7 BT RCE ) SE R B . XA B — B

& Windows Ht, —NEhESEER A (. a11) SCPFH AT BAERYT I o 11l i — A A R R AT o0 R S il
MUl HIAEIZF T DLL AU A TEIZFTIN 2B T oAb, USE LM 7 DLL A& #kE, If
HAEIZAT I R S B SR ) 5 5 1) e B 2

& Unix H, JFEAE—FESCHE (L), BEAERAZPHZRIAT (o) A, FERIEIL R ICAF (- s0)

MBER T B, BEHAR T RES R ILE AN AE R AR AT E M B SR o BEH R RFAE A PR X 830
FARES AURIREI T B, HERSH S Uk BN RS RS .
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fF Windows 1, FEAERIRHPERAL, BSEMSARE T RAEZ - 1ib). ESELEMIT Unix 1Y .a S04
UGS P AFERAIE . AR AU TR e AR E AR IR 2 GEm , I B
DLL 9 i i i 327 o AR v 0 H ok B S AR R0 B A R 3 DA R A0 45 7E DLL
HIAR RS 24— AR P ek DLL gk sient, RSN AR, EXH S8 TN H Y
DLL 2 Sk B O T3 L8455 DLL.

AR IEAE SR IE A Bh S I B F1 C, BTN Y435 — AR Ao #£ Unix |, /8 REffa.a
AR N B.so fill C.sos IR FECEMEIEMIK, XK B C oA TN B CWREIA. £
Windows I, 4iiF a.d11 ¥FRIBIIF A. Lib, IR B SR A 1ib BASEEESTAT B C, a.1i0 HFANES
Rl & HEERFEE TR TR A B RER{EE .

AE Windows |, il S AEA S 2 inport spam; ‘EiLARTI DAV spam FFIYZFR, (HIEA A
B HMEIA, 7E Unix b, 38— EER R from spam import *; ‘Bl —ANElEIA,

2.5.3 DLL pY=cpr{EH

Windows Python J&7F Microsoft Visual C++ 415 i F HoA ke il BES T REA S TAE. AT H
AR S EE R MSVCH+ 11

47E Windows @ DLL I, {RUZ00FF pythonxy. Lib (RE45HERAS . 2451 Pi> DLL, spam Fll ni (&l
i spam FHHRENAY C RED, AR HE AR iy

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

FH— AR E T =4 spam.obj, spam.dll fll spam.lib. Spam.dll AfLE (T Python K%L (5
W pyArg_ParseTuple (), {HEMT pythonxy. 1ib A AKIIE QAT+ 2 BTz 1) Python fUAS .

TR AE# T niLdll (PAS cobj FI . 1ib), BEHIEANAIA spam DA K Python HJ AT IO R E] i
{14 BRI o
ARB NIRRT LY B B R R, WRARAB AL AT AR (14 Python) #REER FIRHIAR A

., WRINE | _declspec (dllexport), FUANFE void _declspec (dllexport) initspam(void) BY
PyObject _declspec(dllexport) *NiGetSpamData (void) ':F‘éﬁf—o

Developer Studio USHIAR BRI AEIETFEI FALE, a2 AR0 ] AT S0P/ NE I 100K, 2R E
AT, T I B RS AE P ) BRI R 8 Beg BOAE o KFIEFIIY msvert xx. 1ib RINEN ES R .
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AE KRN HZF RN CPython Z1THY

A, e S EAE Python RS T8 LN N RE s THY T, 1l #ir BFf CPython iz 4 TR A 2| 3
KREGRAREF e AT AR T I 5 AR B B el — L4075

3.1 EHENAERFEA Python

HJLEIE 1 Aifarxt Python HEATHJE, AL Al i) C s %%y Python FYZIfE. SLad skt nl DAY :
Hf Python iR AFI C/C++ [ AR Fp £ 5 BB 3 AP AT DALE B 1A 7 1] Python R SE L LL I fiE
A C B C++ o HIBAMRE; HAnsLiF Al 7 Python 45— LU A, DASEE il I A% Fr 8 2 75
Ko ASRFLLETIREN] Python i SR H NS, MATFENRHCWAEX AT

Python R AR T ¥, HAZEME. AFZAAET, §7J%€ Python I I FE 7 iy E A2 7 75 98 2
Python f#RE4%, WMifx A Python I % 2 F% /7 1] fiE-5 Python 58 42 0 iy W AR P (9 S LE 3 /R &
A Python A Kz 4T—LE Python {5

Pk, #Edm A Python, FEZHEAL A C M EREF . T RF MUY S 2 — 2 W1 1R 1L Python MR .
BRI REL Py_Initialize (). iBA7LERILEAYIH AT ) Python 2 ey S472 4. Z )5 Bl A
Py AOATAnT 77 8 D AR 1

JA R AR 7 s & JLFR . AT PyRun_simplestring () & A—/M & Python IERIHIFAFHE, [

PyRun_SimpleFile () f& A—> stdio SCAFEEHAI—A 304 (DRSS R AR ) o 87T PA
A AT AL I IR)Z B R A T () Python X542

& BI

c-api-index

ARICHANEE T Python fY C 211 . X BARELER(FE R .

3.1.1 BEREIHRA

I AT B Python i ATE R R AR M2 M4 0 . 1248 11 H Ar g R T— B Python A, 1l 675 5
I AR AL FEAN AT AU T DA AR AN S AT — S e

#define PY_SSIZE_T_CLEAN
#include <Python.h>
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(#2 E50)
int
main (int argc, char *argvl])
{
PyStatus status;
PyConfig config;
PyConfig_TInitPythonConfig(&config);

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

goto exception;

}

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

PyRun_SimpleString ("from time import time,ctime\n"

"print ('Today is', ctime (time()))\n");
if (Py_FinalizeEx() < 0) {
exit (120);
}
return 0;
exception:

PyConfig_Clear (&config);
Py_ExitStatusException (status);

O #ik

#define PY_SSIZE_T_CLEAN #¢JHEF5HH py_ssize_t NV Y4YEHEEE AP Fp/CES int {1 . & M Python
33 RCAHFE, HERMHEEH T T H#A. 1§34 arg-parsing-string-and-buffers TR 7 14
ix,

wHE PyConfig.program_name Eﬁiﬁz% Py_InitializeFromConfig() 2:%ﬁ§§ﬁ%ﬂ%@Lﬁﬁ€§%ﬂﬁ§%%%§
Python jZ 47 I PR B 4. H2 ok, Python MERESRFF (i py_Tnitialize O RWIMAML, IR IHATHE S
) Python AT By HWAII (] fEMZ I, Py_FinalizeBx () VAR KPAIMRREDS, BlRIGHRAL)T .
TEESRRE I, AR AT RERR ZEM AN P AR I Python JHIAS , B M SCAR SR as B . SRl ik e <5
. il pyrRun_simplerile () BRACAT DATESF M SCER I Python AUAT, 30RE A 448 2540 TiE N A7 25 [T A
AT 2R R A o

3.1.2 RBEEERBEABIPRE: #hk

e 2 HE O RE MY AR P A TAE ] Python AT, (H 2/ R e i vl b2 AH 24 BRIBUTY o oy 7 A4 i
LB ARG AV« JLF-n] ASEBAE T fE, RN RISEEZ 8 C A,

WEEERE, U RERIA, (9 Python FIEA Python B BAHIS 0L, HILEEHERY K 2 BRIk
A BT RILE—, FWHA— R Python 5] C (4R ISEIRMC T 24

1. *Ff Python () %das% 45l C #83(,

2. AR EEEE AT CREF IR A0

3. RE AR [ B A C #4824 Python A%
itk A Python B, 45 11T AR5 £330 HEAiL -

1. C Hdlaf4sely Python 4%,
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2. AR AR AT TR Python 4 11T B R ECIE
3. KFUR AR [m] B %dis A Python 544550 C 155K

] LR B A RS TR WU, DA RS TR S AR R 1] o PEE— 1) DX R A T R e e
1V R R RO ol FESRATHJRIN, A C e, ST HRA SR ) /24> Python pR%L

AR BHEUMTFE A Python #6458 C 2%, 2 IR . I3 SN MBUE B2 REAS IR (6 15 1 1AL PR
Do HTIX ey SRR IO DB, 15 275 W Y BT AIRA T R A
3.1.3 RgEmA

MR H AR AT Python JIAH RS %. LB SRR DIREE . Python fFRESIF A S EHILS
B AR #EATACH, (AN — i A — 5

PLinAT Python AR hE AR &L, ALRSANTE :

#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[1]);
/* B} 3% pName W 4ERAN */

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

if (pModule != NULL) {
pFunc = PyObject_GetAttrString(pModule, argv([2]);
/* pFunc & — N5 R +/

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 (!pvValue) {
Py_DECREF (pArgs) ;
Py_DECREF (pModule) ;
fprintf (stderr, "Cannot convert argument\n");
return 1;
}
/* XBMEBT pvalue 5 A : */
PyTuple_SetItem(pArgs, i, pValue);
}
pValue = PyObject_CallObject (pFunc, pArgs);
Py_DECREF (pArgs) ;
if (pvValue != NULL) {
printf ("Result of call: %1d\n", PyLong_AsLong (pValue));
Py_DECREF (pValue) ;
t

else {
(810
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(750
Py_DECREF (pFunc) ;
Py_DECREF (pModule) ;
PyErr_Print ();
fprintf (stderr, "Call failed\n");
return 1;

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

return 0;

J

RS SEAI argv 1] IN#K Python A, PR argv 2] FEEM KA. RETWBEBSEZ argv £141
AR, IR 2miF T 5 AR (AR R B ATHRATRE TP ARAE call) | IF I EIRAT—> Python i
A, i

def multiply(a,b):
print ("Will compute", a, "times", Db)
c =20
for i in range (0, a):
c=c+hb
return c

RIGE RN

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

J

JUEHIN NGB =, AR AR PER, ERT U2 T Python F1 C Z IRt 440, DA S AR
EAE R, A Python AT BRHR 2> M ILTT U5 :

Py_Initialize();

pName = PyUnicode_DecodeFSDefault (argv[1]);
/* B % pName HEERARM +/
pModule = PyImport_Import (pName) ;

WAL fENTER 2 )5, P PyImport _Import () JNEKMIA., ILBIFETE E—4> Python FEAFER{E NS
iﬁ, TZ{%ﬁﬁfﬁ PyUnicode_DecodeFSDefault () %ﬁﬁﬁ?ﬁﬁﬁﬁﬂﬁ%ﬂé*@ﬁﬁﬂ@o

pFunc = PyObject_GetAttrString(pModule, argv([2]);
/* prunc Z—AHIHA */

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

}
Py_XDECREF (pFunc) ;
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JEA— Em#EsE e, #i4H Pyobject_GetattrString () BRBIEGHR. WIRAFRAAE, It HIR[EH)Z
XS, RO 22 I B SR FEF ARSI, I E i S5 . RIEHAT
A H] Python pR%L:

[pValue = PyObject_CallObject (pFunc, pArgs); J

LK FORIFI , pvalue BAN NULL, ARSI BOR BMERG I . R 78 EREHGZT I -

3.1.4 3fix A\ Python ThEERITH &

FIHFTMIE, AR Python fEREZSIAARE VT A M HFEF A B 1Y TIBE . Python API il 4 itk AMRERS X
T W2, N AR B A M RS I TP . BARITI SR A 4%, (Hi
AR 2 KR . B IC 2 Y AFEY R8I T Python ffEReds . BN AT EEE—HTRY, RE5
— LKA LE Python D5 FiX 26+ F2 )7, k15405 -l ) Python § RERE fy—4E. fildn:

static int numargs=0;

/o REEAEFRAAREHRE +/
static PyObject™*
emb_numargs (PyObject *self, PyObject *args)
{
if (!PyArg_ParseTuple (args, ":numargs"))
return NULL;
return PyLong_FromLong (numargs) ;

i

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

bi

static struct PyModuleDef emb_module = {
.m_base = PyModuleDef HEAD_INIT,

.m_name = "emb",
.m_size = O,
.m_methods = emb_module_methods,

ti

static PyObject™*
PyInit_emb (void)
{
return PyModuleDef_ Init (&emb_module) ;

}

TEmain () BRECZ HIHEA LRI . IFFERH py_Initialize () ZHITHA PN FHISIEA]:

numargs = argc; J

PyImport_AppendInittab ("emb", &PylInit_emb);

XPATIUSHIEGAL T numargs 285, IR AKX Python MRS HT AT IA) emb . numargs () %L, iElidiX
Lo %, Python JHIANH] ATRAT AT #8415

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

TEFLSR Y AR, XA IARHE R ) APL 225545 Python 1] .
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3.1.5 7£ C++ thiir A Python

FETT DA Python A Cor BEFF 125 HHUIME, SSBLTSUI O T Coe REEMISIAIT : — AT
Crt B TRT, I Cre RIERRBFRIGERT . A0 Cr+ TR Python 454

3.1.6 £ Unix RFhymiFFosksE

T 5 Python fEREEHR AR RERF , KRB IEF A IFSRUL SR o (REERD) HIES 3, Ry
Python i BERHLE A C B e (. so 30ff) BIBXSEBRY .

N T ASEI PTG B g A BE AR S0, W IAAT pythonx. y-config JI4%, E/24E 2% Python AL i)
(AT REAFTE python3-config AR ). ZHAFILNSE, HA AT SHSHEAN:

e pythonX.Y-config —--cflags Ff44 H ISR IESEL.

$ /opt/bin/python3.11-config --cflags

-I/opt/include/python3.11 -I/opt/include/python3.11 -Wsign-compare

—-03 -Wall

—-DNDEBUG -g —-fwrapv.

pythonX.Y-config --1dflags 77embed4%?%{H%E%§%§Hﬁi§i%ﬂ@ﬁgﬁﬁ

.

$ /opt/bin/python3.1l1-config --ldflags --embed
-L/opt/lib/python3.11/config-3.11-x86_64-1linux—-gnu -L/opt/lib -lpython3.11 -lpthread -

—1dl -lutil -Im

O #ik

N T G Z A Python ZAE A G| AIRFL (R B2 AE R G L R AF H C iR A 2 [) . #UUH
pythonx.y-config AN I¥AR, A EBIFTIA.

WER ER Ty RANEMER CRAEPRIEXT T A Unix P G#AERG UGl bug M), #ifS MR kT
iﬁﬂﬁ%@%&ﬂ@j{fﬁ, ??Bﬁ%ifﬁnhon[%]Makefile (fﬁ sysconfig.get_makefile_ filename () iﬁ§ﬂﬁﬁ%£ﬁi
) M#iESE. XHf sysconfig BURS @G M TR, nHgF IR HEH AR HCE .

Hean

>>> import sysconfig

>>> sysconfig.get_config_var ('LIBS")
'-lpthread -1dl1 -lutil'
>>> sysconfig.get_config var ('LINKFORSHARED')

'-Xlinker -export-dynamic'
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APPENDIX A

RIEXFERE

interactive shell 1 ERIAAY Python $2/R4F . FEES WoR T RE AR B 7 SUFE AR REAs R U TR ARG AR S 2
il

EAF AL
« interactive shell rivig TR ESETERIAY Python SERAF, A5k G IR AEI A HR, 224
KEATEAT (AR, FroEe . feffam = ma | Bm) 2, sidfEin e 5.

e Ellipsis NEFE.

abstract base class -- i % &K%

R ELFEHR ABC, @Xfduck-typing PIFFE, BFEAE T —Fa GO ny#H =0, Mz T HARR T
BN hasattr () A TRMECHE MR (FIAEER AR TITE) . ABCHIA TR, XFp
B ek 5 HAh2E, HAMBRERL isinstance () fll issubclass () FFIATR]; 0L abe AR SCRY.
Python HiF1F% N & ABC H T Se RS54 (FE collections. abe ). £t ({F numbers
e L (FF 1o o) S AERIFAINEAR (FF importlib.abe BHH) . RATPAMH abc
BiHORAIE H ) ABC,

annotation -- b

FEEEEER, KOREE . BEODSIORI AR, Bl 5 1 i .
VBRI FREAE IR, (2 R SRR IR 2 BEHEY: . SR AL
i) __annotations__ #FikJ@EMH.

2 Wvariable annotation, function annotation, PEP 484 FI PEP 526, XTWIEEHENFH. AiESW
annotations-howto {5 ARy 10 A S0 Bk o

argument -- Z%f

FEVE FH BB ECHE 45 function  (8method ) WH. S50 RWiFh:

o XBEF A FEREOR M PRI A ARRAF (B name=) SCEAE NS TERIEWA <~ BT
L HL AL A 286158308, 3 Al 5 FEPARXTF complex () [T Ry JE T b7 280

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

o B E A AET RETSHNSEC MESHOTH T S HON RIS AL/ 88 R hia
WA * Iiterable BLIICRBALA . 28I, 3 71 5 FELA TR Hy s T8 S5
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complex (3, 5)
complex (* (3, 5))

S SR A BRCPPOR B R B, 7 SRR 2 L calls — 5. R, BTk
SR IR R BHG RAFHO 2 R R R R 2 Bt

#Z: Wparameter REFFLH , HIWEF SHGESHIX AL PEP 362,

asynchronous context manager -- 535 |- F 3045 PRES
WA G E X __aenter_ () Fl _aexit_ () F{EHRN} async with 15A] T RREE AT R
1 PEP 492 5| A,

asynchronous generator -- 525 1 &k 7%
1R [BME "~ asynchronous generator iterator IREL. -5 async def F X MWPMERERFEML, ARIHE
ZIAETEAE vield FkAPAF=E— R IR HE asyne for JEFRHH I IGME.

BEARTEE F 2 45 5 0 A e s A, (EAERLEG DL T ] BRI 4 79 £ B AR E . WRGEIHE
FIREME L, PR G5S

— AP N R BT R await FREFH asyne for PAN async with i),

asynchronous generator iterator -- 5325 24 g 25 251025
An object created by an asynchronous generator function.

WX R JE T asynchronous iterator, 4[] __anext__ () J5{EJA I 1R [B]l— TS AR ORI T 57
R AR R R BUA BB R — vield SRk

TA yield RUEMEHFEG IR, ICHEPITRE (LFFREAARAEER ay 58) . 24 55 £ &
Bk KB anexc_ () FHERIGA AT EX SABOUIE T, 2 BT B AL
e, S PEP 492 I PEP 525,

asynchronous iterable -- 525 n] {0k} 5

— AT PATE async for B N4, MA@ TR _ aiter_ () ¥R E—Aasynchronous
iterator, F§ PEP 492 5| A,

asynchronous iterator -- 535 2% {C3%
—AEBT __aiter_ () Al _anext__ () FYEMIXNIFR . __anext__ () WAR [Bl— A awaitable %}
%o async for AL RIL RN _anext () FEFHREH A EREX R EH B H G K —14

StopAsyncIteration Fdy. H PEP 492 5| A,
attribute -- J& 1

KRB —DRIRAE, WSS RRXILBTOET I . 250EEE, WRXS o A @M o AT
P 0.0 KB HE.
WERXF R AV, REARBE SN identifiers (Y AEAR IR PR HIAE— iy @Mt 2 /T ARy, Blani i
setattr () o XFERYRHRF LM A5 RIEBFORTTF, T2 U0EE getattr () RIRRL
awaitable -- W 2550 4
—ANAIAE await FER PTG . A DARcoroutine 2 BA _ await_ () FERINS. S0
PEP 492,
BDFL
CR B ZEMBR T WP SC4EE, Bl Guido van Rossum, Python [ 655 % .
binary file -- — 33k
file object BEMGTEE 5 1 A %o ZHEHISC R BT RFE A BERIBL (o, rwb B rrbr) FTIF
B4, sys.stdin.buffer, sys.stdout.buffer VA io.BytesIO fll gzip.GzipFile HJSLH.
TS Diext file THRAENS IS str XFEH LTS
borrowed reference -- {i A 5| J1]
T Python i) C APT Hr, 551 IR R51 M, BHZ R ARAZG M. WRxs
SR N B A8 M — A B S T8 BN, B3R RIS AT AR R X 2 1) 35 5 — 1 strong reference
R E .
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HEFEAEborrowed reference R py_INCREF () PAKFH R HIGEH Kystrong reference, [53ESE 2 41% 0 4
TCEAEMA G B G — R Z B 5. Py _Newref () BREL W] DAY SR AN — A7 gstrong

reference.,

bytes-like object -- =i %I} %
1% bufferobjects F H.fig5: 4 C-contiguous IR . X EFEFIA bytes. bytearray fil array.
array M5, PAMIFZEIE nemoryview M5, FATRIXS QAL L Fh Z BRI BAREAE P X sk
BAEAIEEGS . PRAT R R SO A S i B KRS

HLLCHEA TR BN AR ) bR . R AR SR PR R S IR . A AR X
GBI T 4E bytearray VA bytearray ) memoryview. HAb#RAEEOR — il Bl Ar iR al
ARG (C HBEFTEXR); MM RIHTHE oytes A bytes MR memoryview,

bytecode -- ‘F=Yifg
Python VAT 29k i A F 151, Bl CPython ffRe#s H1 38R Python F2)7 AFBAS . FEiridifs
GATAE cpyc SCUFH, XRESS TR PATE SO R EE R (] DASR RIS R A N TS ) .
P W EE S B TR YR T A A TH AL g S B virtual machine 2 &, &3 AR Python JE
MLER T A —EEBH, WA—EREFEAE Python A 3%,

FARDHE 25 A ATE dis B SR AL

callable -- W& %} 42
A XSG ] AP TR s BT 4, e RERT Y — A B8 (B Wargument), I DA B

[callable(argumentl, argument2, argumentN) }

Sunction, WA EE|method %, WIg T HAMNSE . LT __call () FYERZEHSEHIWET AT
THAX 4.

callback -- [a] i
— MMERS BT A LA PATE A R A HEA B 2008 F 1 - (91 F2 R AR

class -- 2%
FARAN P SO RN . 280 SCHE A & X% 2RI SE B A THAE I e s

class variable -- J3245 H
e LA, I HAUBRAEZR R E R EAE M (AN @ AE 2R B S HPE 0

closure variable -- Pf] {0725 &
51 H Hnested scope W free variable , "€ 2AEAMNEAE b @ UM @R AT B 4 RE i B b4 231
. ATRE(E ] nonlocal XA A HE X ARFB AN, B QSR AR B (U0 H 7R
HHbE Lo
Blan, FELAFARSH inner BRELY, = flprint W H A B LS, HEHAxET HMaeX=:

P
def outer():

x =0

def inner():
nonlocal x
x += 1
print (x)

return inner

(.

EB ﬁ': codeobject.co_freevars }E]’EE’\J@T{ (%7}<% fﬁiﬁﬂlﬂﬁ s 1ﬁ/ﬁ\:12@5|%|7ﬂ@§§% ﬁ(ﬁﬁj'fﬁu l':[j
FrawEI R BB, AR ARE free variable 45 WAHE R EA B2 % 8 M 60248 S f -t 2 e il
Mo

complex number -- 53 %}
PSR GINY R, K A B i on — A SR — A R AL RO AR (-1
PP SR, EEEECEFETEN 1, ELREENE N 5. Python B TXIEEN SR, R
A LRE2AARE 2 A — 5 58, Blin 3+15. Q1R T2 math BHL YT 52 09 %) B 42 B
A, M cmath, EEIMEHE RS REEERE . WERAREBGE A LI, B EITHEIL
AN AN )
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context -- |- F 3¢
WARTEAR S BT e 3 A A58 H 7 SR Rl B AR R & S — 289 LA Sk

o JHId with B4 — context manager BRI FAEE IR
o —2H EHLR|ERE contextvars. Context XEFH T contextvar XM EAE E. B

&2 W.context variable
o —> contextvars.Context X% . JiEZS Weurrent context,
B SCEMEMY
_enter_ () Fll _exit () FYEIFH with AR . 21 PEP 343,

context manager -- |- F 305 A%
—ANSEPL T context management protocol F- T HIHAS with (BN IFRIINT S . S0 PEP 343,

context variable -- |-} 375 4
— A EAAAE IR T WA R SO current context BAE & . XS ST contextvars.ContextVar

XAV b7 SRR BT R B B 2 S AL 55 Z TR AR

contiguous -- ZE5%¢
— NGRS C #4528 Fortran E 2SN R HESEN) . BUEL /2 C Fil Fortran JEZEH . 75—
A, Prf 5% B AT WA I AR SRR HES ], RN IF IR R 0y . fE24E C-iE
SLEA J:‘li’EV\Jﬁi&iﬁﬂfiﬁﬂlﬂ]“ﬂ%?}:~/*%'?§'Ilﬁlﬂ/«EHTLVEH% {HJ2FE Fortran 122420
M2 RS — G ek

coroutine -- [Jpfe
MR ORI — BB FOIRE ] DAAER— S e ATFAE S — B o PRI BT PATEIF 2 AN F Y
s bEdEA L ABEARE . EATET asyne def 1BAPRSEEL. 1L PEP 492,

coroutine function -- PpFE %L
Wi —A~coroutine ST Z TR EL . IR RETT Il asyne def iR E X, H W BEMH await, async
for ﬂ] async with 3&%@?0 JX%%“@%EE PEP 492 %I/\E’Jo

CPython

Python 415 F MIELI, 7E python.org [ & i . "CPython” — ] F FHE M EEIRF G 55 15 HoAth
SCEL AN Jython B IronPython A X 51l

current context -- i |- F 3¢
TEY HI#E contextvar XTIk M GRELELIXE) £ F LT & M{EMcontext (contextvars.
Context X4, ML HLAEHCHW YA L. HTHITH LS (0 asyncio) 1Y
HEZL S AEREAMT 55 T AR SO IR ST I RAT 55 € R 2 — AN WA 24 1 R S0y R 3

decorator -- iy
R EE A 55— R B R, B ewrapper AR AR TR B . SEMeR 10 WA T4

E]% classmethod () ﬂ] staticmethod () .

PR FUE RN, DU A eR B0 ST S R Se 45 i

-

def f(arg):
f = staticmethod (f

@staticmethod
def f (arg):

Ei‘iﬂ’]’fﬁ%"ﬁlL)ﬂﬂ‘%@ HIE R AR - A RS TERT IT 2 L R BOE SCRIT 878 L 30

descriptor -- {{fiiA %3
EMENT _get_ (), _set__ () BX __delete_ () FIEMNTHR. B K@M AN, &
HIRFR IS EAT A S TE B A R B i & . SEE O, (EH ab RIRH. BB —A @ e
STE a B F AP ELRATN b XTS5, (HUER b 22— iRds, WSTRX N R iAds k. #
fRRARSS RS 2 E 2 R B Python [ 564, RN @A 2 B BAA M ALRY, FERE. k.
FREEYE. . SRR R %%,
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B RFEIRIR T ER 25 KL, 7525 descriptors ¥, #2457

dictionary -- 7 ifft
— AR, HP R L B B . T DURAEMIRA _hash O Rl _eq O K
VA4 . AE Perl HF54 hash,

dictionary comprehension -- “F L {fi: X
AP R R T B e E IR IS R IR — PR 5. results = {n: n **
2 for n in range (10) } BB —1HE n 2IE n ~* 2 BYBLEH LAY T8 . 220, comprehensions .

dictionary view -- T L[]
M dict.keys (), dict.values () fll dict.items () J& [ AXFRAHRAFHALE . BT F i
KB EEE, XEWE Y F BB, M SAH R E o B U 5 45y ELE
A3, Bl list (dictview) . Z:N dict-views,

docstring -- LR AT
ERZE . REEEZ WIS — D FRB R I PR R . BRI T iR p Z0mg, (H
DR PONFF AR . BRBEBIRE __doc__ JEMET. AT EMTHTRENE, HitE
FERO G ) SCRS A R

duck-typing -- -~ 374
FR—Fhgm A XU, B AREE A HON R ISR R 8 o2 5 HAT IR R4 11, T2 B R Bl
FEEEME (BRGNS, MERWGN T, IBAET EHEN ) TRy O SRR e A,
Wit AR A a i e 2 B AR T R G . M2 ] type () B isinstance ()
%%ﬂlﬂo (EZE BN 20 DURE A A4h 228 % AR RS, ) MRS R A hasattr () Kzl /@ EAFP
it

dunder
An informal short-hand for ”double underscore”, used when talking about a special method. For example,
__init__ is often pronounced “dunder init”.

EAFP
ORI RIS PSS . X Fh Python 5 11 AURD 2 55 XA 2 fBE B 75 10 S B M AE
FAEMBE BRI R o O A 35 PR WU IR e KRz ] ey Al except T4 T HAXT
2Pl LBYL W%, # LT C S5 2 HALIE = .

expression -- ik,
ATDASK A MER A ROT. Bmihv, — PRI RIA o EZ O NF A, A, JEEvin.
BEAFSRBOAH IR, BNTREESRE—ME. SHZ2HEMIEF AN, HHEIraiE S
Rk IFEAR RV ER A statement , 4N while. WR{EHWEJE TiEA) M IEFRL.

extension module -- § JE ik
PA C 8¢ C++ gn SRk, ] Python ) C API K515 5420 DA K PRGBS T3 HL.

f-string -- f-2fFH8
WA £ BRI AT AW R AR AR FHEN RS . ©
T, PEP 498,

file object -- SL1EX %
St AN AT ) S04 APT (5 read () B write () 25 5VE) DMEH T2 IEMINT S . ARRHA
FRBAIE, SCHRT G AT AL BRSNS S . Ho 2R A A Bl AR A B U5 ) (5 s i S
N/ WEZ X, B, HiES) . U RWPFRh R 26 iR,

bR BIAE RSB SCEX G TR =k ) S, Geh =t ) S ARG S BTN E
SCEITE o Bikrp. QSO R YA DT R T open () BRI
file-like object -- L2804
file object 1 [F) L]
filesystem encoding and error handler -- S 2 S 4ih k% 3\ 5 R b A 2%
Python 8 A R GE AR 775 s Al 1) B4 R G4 T Unicode g AHE 25 AL PRAS .

SCAE 2R G G R A A A ARIE BE BT RS K BELE 128 DUFIEE FER . ISR S R S dn i ks = G
ﬁ%fﬁﬁtﬁlﬁ, 'ﬂJJ API @ﬁﬂﬁﬁ%%li{ UnicodeError,
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sys.getfilesystemencoding() vl sys.getfilesystemencodeerrors () @ﬁﬂ%ﬁﬂﬂ}ﬁgﬁﬁj{

F ARG s 2 S H R AL B -

filesystem encoding and error handler J24F Python J2 8@ 14 PyConfig_Read () HRFCEEIERN): /S
IEé—] PyConfig E](] filesystem_encoding i filesystem_errors %ﬁiﬁc

F1E 2 Wlocale encoding .

finder -- £ k%Y
— P2 ERPER AR loader BIR G .
FAEW R R B A e d%: Lok 12 £ E A sys.meta_path ], AKIEZSA &R E WA
sys.path_hooks ﬁ)ﬂ o

12 5 finders-and-loaders Fl importlib PA T fESE L4077,

floor division -- [i] | U7
) Ny A B B A R B F B . Il RO BREB BT // o BN, Rk 11 /7 a fit
BEERE 2, M5 Z MRS EIERERRE 2.75 . FE (-11) // 4 2R -3 A2
-2.75 @ Ty ABEISE R . Il PEP 238 ,

free threading -- || 2%
— PR, FE R — N ERERS NP 2 AR W] DARIBHZ 1T Python “FA RS . 5 BUAHXT 1) 2 global
interpreter lock, T [R)— %] R AAF— P LAEH T Python 3515, 2, PEP 703,

free variable -- [ 735 5
EEXBET, W ESHATEREE X, B 28 B F5 e i 24 25 [0 gl i R 8 T 24
23] B SR AR B AR A4S B . & D closure variable TR FER] . FESEPRIZ T, BT codeobiect.
co_freevars BIEBUNILASS , RARTEA B H VEclosure variable )[R] SLiF] .

function -- pR%L
AT DAL R [ B AME A — 2B A 38 W] DATa) HAR A A B2 AN S IR BRI T il T A
Y5 Wparameter, method 1 function 2877 .

function annotation -- FZE(FRTE
RIS R BOE 2 80R [BHE B annotation

PRECPR TR 2w BIANRA T s Z A ine SHOFHUR E—4> int {H:

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

BRI Y E B I AR . function —y .
Z: W variable annotation F1 PEP 484, H. oA T IhEE. 55127 annotations-howto DA T R {# F
PR RS R .

__future__
future {5/4], from __ future__ import <feature> FE/NImIREas i BH1E A ) Python & 17 i A ik
RFRUE TEVEFIE SR i A . future  BIHCSCRYTSE T ATBERY feature B . TS A
Jﬂﬁﬁﬁ%%%{ﬁﬁ%ﬁﬁy AR AT DA B R IO R A BB e O A ZNZIE AR ER (3E) 78
fRTESE A BRI

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

garbage collection -- 1 ¢ [n[ifit
FEHON P () N A7 25 R ik fE . Python S ik 5 | FI VORI — A BEASA6 I ANT TG 15 | FH A 78
IRBIR IS R A TR I . ATRAE T oo Aok das il IR i 2 .

generator -- /g 7#%
R 0] —A~generator iterator WK% "ERFKRAUGE WKL, AF AT HAE vield Rk DA
PR R IME RS for- TR I BUR I next O PREIE—FREL.
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R A AR R, (AR RS DU T AT R A 35 i R o HIRTRENE R L,
(o PR DASRE G B S o

generator iterator -- £ 2% U 2%
general‘()}’ l:‘gl %&%@U@E@Xﬁ% o

BA yield KEHFEIEAIERE, ICAPITRES (AR RN vy 154]). M £RE%
REWERT, ERMNEFFACELRLEIAT (A7) T RS R A KT A (93558 eR 40

generator expression -- /2 )% 75 #5353,
iR Bl —A~iterator fexpression. EREKRRBEEFRB NG NG E LT —MEHZE . JEHIY for T
A, PAR—AWTIERY i TA). AR ARIBR S NINZ R EUE - RYIME:

>>> sum(i*i for i in range (10)) # FH1H 0, 1, 4, ... 81 ZFn
285

generic function -- 72 % pi %
R [R] A 2 B S BAH [ 484 1Y) 221> RR BRI ZEL RO BRI . 2 R P I 2 e R 32 B30V R 7 7 2% 662 1 R
NESe
i Wsingle dispatch R1EFES5H . functools.singledispatch () Hifigs A & PEP 443,

generic type -- {Z %1
2R R Ipe; BHA 1ist B dict XY A8 AT R 2T FEEf.

FLMTE S, 2 A& 247 . PEP 483, PEP 484, PEP 585 fll typing fibk,

GIL
2 lglobal interpreter lock .

global interpreter lock -- 43 ) fit ks i
CPython fRREER TR B —RILE], BB R — i %) LA — A SRAAE AT Python bytecode. IEHLHI
T BEEX LA (4 dict FHENERM) HXIF KT AR E(Z 4R 7 CPython 528,
AR N B R RS 2 AT T 68, AUV W2 THE 2 AL B 2 ERFFAT I

ik, BERRE B =07 PE A AR T AR PAT VT SR A AT 55 A A e A SRR
GIL. BtAh, fEHAT VO #AEm B2 SR GIL.

7 Python 3.13 Hfr, GIL W[ PAf#i ] --disable-gil fEMLEHEIREE . FE00 H LTS8 Python
2k, ARBSZHF -X gil=0 BUTE E PYTHON_GIL=0 IR G fFialT. SRR A2 AN H
7 e R T L SRR 2 4% CPU BN S . BT NS, WS PEP 703,
hash-based pyc -- J£ T-W5 %511 pyc
8l FH % 87 Y ST A4 B W A R T FE 55 U5 18 B TR) R A A R I T I A S S L pye-
invalidation,
hashable -- nJI5 7y
AR AR A LA GBI NEARNSUE B AE (EFREA _hash__ () F¥E), FEal AR HAL
MGHITHER (EREH _ea () Jk) BN TobAm X5 . AW X G A A [F e 7
H RS RA 5.
A E A PE AR AT R BRI N LR B AR A B T, PR A 3k SRS 25 4 A P A A (L
KZ %L Python AN FIAS N B X G ER R AT A Y ATARZE A (Blans) sk dt) #AT A A
AIARZEAS (BIANTCALRN frozenset) (4 BT TCEII N WIGA I AR TR P e LR SL4)
MEBNR AT . ENERE—E& A HE (BRIERSACHE), BT A AU &
TEM 1d0 .
IDLE
Python (L BT & 52% 2] F15% . idle J& Python ARiff & 4T R P 1 BL A g 4R 2 FI AR RERR IR
immortal -- i 2 %) %
KA ZIEAE PEP 683 H15| Ay CPython SZE4HY .
WX R R TG, WE Wreference count FRIEA LB, T ETEMERERR 1217 9 ] 7K A
BN L. BilH, True A None fF CPython H#HRfE Tk X4 .
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immutable -- /s [ Z8 %} 4
AABEERIRG . AR PAFERCT . FAERRIcH. XA ARREAS . AR i
— ARERIME, WA @R . AR 2 B A Er o g EZEH, FlanfERT i
)

import path -- 5 A J% %5
HEME (4125 0 ) HRmHN%, U parh based finder FIKER T ABR. £2AR,
WAES R R H sys.path, [HINWRGERGBATRERH FIER __path  JEH.

importing -- § A
LMY Python AT RE K 75— MY Python AURS BT 1 19 72 .

importer -- S A %%
FRI MBS R BEE T finder XU T loader .

interactive -- A3 I,
Python i — A HAMERERS , X B IRE ] ATERFRERR P m A7 5 B AN ZRas 2, 7 RIET I
ERIER. AFAESHMED) python A (WA DAFEARAGTHEAIL 32 32 B P b BEAH B 32 BT ) o
7 B AR A B ST AN AL I 2 B 8 (I8 nelp (x) BREL) o A KX HAL R

Z: 1, tut-interac.,

interpreted -- iR
Python —@F R ALE T , S22 MHXI M IFEAUET , BAAWIE BDA M T i 4 s A7 1T
DA TR o X R ME TR SCOE T DAE ST AR S S M vl A T SO s AT SRR
HA W EOE S BRI LA, BRI A A T8 . & Wlineractive.,

interpreter shutdown -- iR REES X ]
LR AR, Python MERERRAG HEA— MRS TR BOT BRI A E A B BE IR, (91 AnAss e Al
B RAENTREE . BERSZ WM R el % Xafh & P e K es e 555 | EHE g £t
AT FE XA B BT A v BE 2B B PP s, PR AT Ol i PR AR FA L (3 L 191
T AR S HLH 45 ) .

FEREAS 5 2R P E R A __main_ AEHEETIETT I A C 58 BT -

iterable -- W[ Gk} %
—FPRES B R ML B X4 . AR RO I A F AR (4 11st, str Fll tuple
%) PARESEEFE 2RI aict, AT % DR LT __iter_ () F{EBKSEBL T sequence 15
X __getitem () JYAM B & SCRIIXE.

R R AT T for RFRA L2 HARTZ —DIFSIRHTT (zip O, map (), ..)e H—A 0TIk
KM SN SRR N BRI iter O B, BEXRIHZXRIENAS. XAERAE T XHE
BB H)— M Iy o AR ATE AR, (REH A TR iter 0 B3 H O ABIE IS
for A2 A BN VR BB LEAR AT, A — NI I Y R i 44 28 B ORTEDR R0 ) SRAF A s . 2

Witerator, sequence Flgenerator ,

iterator -- 0%
FRZFR—IEER AR AR 4 . R HERERN _next__ () H¥E (BORFHAZ LS N E MRS next ()
FEBA R B I 248 e o] B PR 5| & stopIteration 5. FXEfEACAXT 5
PIEARIC AR, BB __next_ () FEHLXFRKRGIK stopIteration, HEAMLAEA
_diter () WEHPEREBNZERSNZ B S, FItERER0E ST EAXTS, g T HALmT
ERXGE A KIS — DN RENIINEIRE S Z R EZ JiRERTI R, Fa5T5 (F)
o 1ist) FTERBRUCRF AR A iter O BREEURTE for TEIAH I BER S 7= A — AN py i AR ds . sk
gﬁt%iﬁ\?%%iﬁ)ﬂi%.ﬁ%%ﬂéi@@ﬁZ%ﬁi%ﬁﬁﬁEP%)&%%EEI‘JIﬂ*i%.ﬁ%%ﬁ%, i A ok
BB

W25 B £ R typeiter.

CPython A SR HIHEFTIA AR E L __iter () IWEOK. MEERZ H HZAE CPython H A fRilk
Sr AW i (HIE ey N
key function -- 2t pFi 5

SRR R PR R B R R, R BEAS IR u] T SHE R A (E A PTRA R o BilUN, locale.strxfrm()
AR AT AR E IR 22 B HE T B
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Python oG 1 £ T HAR A 1F H B s Bk e R HEAL 8 0 H 7 L. H A A 3E minQ),
max (), sorted(), list.sort (), heapg.merge (), heapg.nsmallest (), heapg.nlargest () [)]\&
itertools.groupby () »

LRy 0] DA — AR . BN, str.lower () J5¥ETT DAFIVE Z WA /NS HET ) i o6 5L
ﬁ%‘, %E]Zjﬁ{ﬂmﬁﬁ lambda %%jjjiﬁ}féﬁﬂ@ﬁﬂﬁﬂ lambda r: (r[0], r[2]), Jﬂfﬁ[\ operator.

attrgetter (), operator.itemgetter () ﬂ] operator.methodcaller () %%ﬁ@ﬁlﬁ@z/ﬁ‘@jﬁ%o

THAE HEF AR T R ARG 62 s K 7w 31
keyword argument -- J:#t oy S 8

Z: Wargument ,

lambda
1 — A~ expression 4 R FE 24 INERER AR, RIB X SAE IR . £ lambda 54D
lambda [parameters]: expression

LBYL

OEERGEER” BIIRCHT . XA g S XUk 2 AT R EE 2 i R A AR A
WX S EAFP J7 sAG ot e, AR RUR R 11 154,
L LAY, LBYL XL FE “AF” M “BRER” Z R A Fsag AR . Blan, AR
if key in mapping: return mappinglkey] ﬂﬁ%ﬂﬂ?ﬁ*ﬁﬁfﬁ1@2)§ﬁﬁﬂ%ﬁ%/‘}\ mapping EF‘@
BT key Tt o 3P i ] 38 b B s (s ) EAFP 5 R AR ok .

lexical analyzer -- i) 53 b7 7%
533 SBIER B FR: S Wlioken.

list -- |3
—Ff Python [ Esequence, HIRH AHNF, (HEERPT HAME S DB mIEREL, B TR
RIIRISZ R O(1).

list comprehension -- 51| S8
AbBR— AP 5 v ) BT A B A3 DT R IR B G5 RS R ) — PR BE B ¥R, result = ['{:404x}".
format (x) for x in range(256) if x % 2 == 0] FFAEM—A> 0 F| 255 JE RN W)+ 7S 5
BOG N AR (0x..) (U536, Hid ie FARAIER, WERAIEN range (256) XTI TTHEAS
AP .

loader -- I# 2%
TN EALER X R . B E X exec_module () il create_module () JyEPASEPL Loader
Mo MR H— A finder 1218, 531624 -

« finders-and-loaders
e importlib.abc.Loader

« PEP 302

locale encoding -- i% 7% X IS 2,
£ Unix I, B2 LC_CTYPE &5 XKW 444, BrPLE T locale.setlocale (locale.
LC_CTYPE, new_locale) FiXHE.

7E Windows |, &2 ANSI ARG T (W1: "cp1252"),

FE Android 1 VxWorks |, Python {ifi fj "ut £-8" {ENiE & K idig =,
locale.getencoding () I P RIREGEF X g i 2.

518 28l filesystem encoding and error handler

magic method -- AR J5 7k
special method W3EIE 2[R .

mapping -- W5}
- ﬁ” S'Z :H“: 1}_ % ﬁ% w Eﬁa 9-JF ; f)nb T collections.abc.Mapping Ej collections.abc.
MutableMapping ?Elﬂ%%%’é@?%ﬂfﬁﬁ%é’]@%%ﬁgh lﬂﬁ%’éf@%ﬂ@ﬁ“%@?ﬁ dict, collections.

defaultdict, collections.OrderedDict [/‘]\& collections.Counter,

69


https://peps.python.org/pep-0302/

Extending and Embedding Python, & {ThR% 3.13.7

meta path finder -- JCER A $k 7%
sys.meta_path W8 RFTRIEIY finder. TCRRIREIRAR Spath entry finders FEAE KBARFFAHHIA o

{E#AFE importlib.abc.MetaPathFinder | fRJCEEARE AT T sEln k.

metaclass -- R
— M TR, e LR REMMERY| R, ok viE2 R =S50 0 84
IR o CER A THT Ta) X (A G o 5 AR $R i — N ERIASE . Python BRI Z AFE T 7] DAGIE B 72
Xouk. K A PKIm AT EXATH, HYFTE IR, SIS K m U ey 2.
EAIEH T ICREETT R H& . SRRt IRERT S A8 SCElng], PARHAT 2455 .
27 E 2 I metaclasses

method -- Jj i
TERNHRE S REL . WERVE R IZ M LB — @R R, 55 2R IUSE B S A R 2R
Aargument QAN self). & function Fnested scope

method resolution order -- J5 1T )T:
T AR T 55 A2 A A AR i DA B R I T . 3 215 python_2.3_mro T H 2.3 KA U
Python fERESS T8 F A -

module -- Filh
X5 Python (ARG —FPH L BNy . ARG ML ar 44 25 (0], P 94E& Python X4, #5
Yenl i importing BEVERIN 2L E Python H1,

5 Wpackage.

module spec -- B LR
—Aan A NE], A T AR A R AR R . /& importlib.machinery.ModuleSpec
TSI
51 % 17 module-specs..

MRO

2 [method resolution order ,
mutable -- W25} %
AT AT DATEIL da O PRAERE 2 P 00 T MU HEUE . 5315 Wimmutable.,

named tuple -- H.%c4l
Al “HATTH” o] AR | oo, I HIES RS e RE et A4 PR E ok v i 28y
B, XFER SR BY Bl I v] BRI LA AR

HENERMFET HZ 0], 45 tine. localtime () Ml os.stat () IR IENE. 7 — 72

sys.float_info:

>>> sys.float_info[1] # Z 5|59
1024

>>> sys.float_info.max_exp # % F B A
1024

>>> isinstance (sys.float_info, tuple) # BT u4d
True

e A oA R N E R (R B p 7)o seAh, B4 cd B nl i B UM tuple 4k
O 2 R E AR F By SOk . R RT AT Ton s, s DAl 48K typing.
NamedTuple, B L] B[ collections.namedtuple () RAIH. J5—Mirid&um—L
F TIRE N BB ST IS A BN ¥

namespace -- iy $ %3 [0]
s A Iﬂmﬁﬁiﬁrgﬂﬁiﬁﬁﬁ A Z A R, £RANER, BaXNEPRiREMmAZm ()
RZ W) .t as A by ok n%@ﬂ%%ﬁ'ﬂﬂ‘%ﬁ%{h fil4n, K%L builtins.open 5 os.open ()
AL A A4 S (B X ) o i 44 2 (B340 38 2k B ORI R e S B A bR B5OR T8 B 3 /= T 2P
ATZEP . U, random.seed () B{ itertools.islice () IXFEVEIHAf TiX LR EGEH random
5 itertools Bl HISL I
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namespace package -- #iy #4 %3 A4
— PR FIE TR 2 iipackage . v 24 2510160 R] DABCAR SEAR R Y, BRI & 9@ A 6 T regular
package IR EATEA __init__.py XfF.

fir44 25 (B AL VP LA T B 22 i e LA SR R A . AE AR AL T, W regular package
BTRE 25 H,, #1527 PEP 420 il reference-namespace-package .
FHA 2 Wmodule

nested scope -- tx £ 1§ ] 1§,
TE—AE SGEBE NG HASERIEE ). BN, 77— R e LRI R ET AT | R B AS .
RREAE FAIEERA X5 A SO TR TCA . Rl As s S A2 SR T 5 N 2 VE A k. 280,
4 AR RS WIVE T4 R4 2500 . il nonlocal XA A T 5 ASNZVEH .

new-style class -- AR
X B wTE N H T O G I IHFRTE . FE B Python AR H, A #aU 2 REAS (il
Pﬁnhonigi%ﬂ@ﬁiﬁiﬁﬁ%ﬁ, U __slots_ . Hiik#s. FHE)E1E. __getattribute_ (). KFEHME
SHEE.

object -- Xf %
M EARES (EMEsiE) PARTE AT (J5k) m9%EdE. object t 2T fulnew-style class 1) T
EREH .

optimized scope -- A LIRITE I
24 (R T T4 B L 74 R0 L P A RUR FRAO R FTIR, AL VA R B HEA T4
fho EXTeREL. AR PR, HES U A BRI 0 Rl 22 23 (R B0 2 X AR A A A A Jak
R KRR AR T B VE A, A B LLO T O M B SRl Fn AR R iR AL 24 FREE &
AL 2 R T AR AL B I 3

package -- {1
— PRl TR B H H L B 1L Python module. MAEAR FIE, 2 BA __path JEYER
Python i,

¥ 2 Wregular package Flnamespace package .

parameter -- J£ 5
Junction (B{J7¥%) & LA SER, B E KB AR Z I — Dargument (SUAERELEREILT, £
MEZ) . AIMES:
« positional-or-keyword: i Bk T $emE AT MER 12 5 53t A5 AT DIE R £ 48 5 4t
RS2, RINARES A, BT TR foo 7 bar

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

« positional-only: {UFROZE, 85— HAEEL A E L ANSE (WRMELS il 1R HoE
SIS FRPENZ RS A 7 FAPRESX, BIAN T posonlyl F1 posonly2:

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

o keyword-only: IR, $5&— N HEEEM KBEFEANSE. (R XEFIES s
HEUE XTES YR P& AR BT S EETE L M RN BB S 2 B —1 * KE X,
BN R kw_onlyl F11 kw_only2:

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

« var-positional: FIAZ{E, 4§52 ] ABR A — MEBEECR K LS SHH 5 (FEInTE A
BZERZNESHZIG). XMESEETEES AR « KE X, BIATTHET args:

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

o var-keyword: WA, 5 5E AT DARBME R ORI KT S A (MEINTE TR B 321 %
BYSHLIG). RFES B S ARETING ~ RS, BIAETHE kwargs.
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B2 Al PARIIS 95 5 AT ML RE SR, ] DA R LE T e S0 e BRI -

2 Wargument R1EFLH .. SHEESHXHNFRE ILE S, inspect.Parameter 2%, function
"5\ K% PEP 362.

path entry -- J$E A O
import path F—AS BN B, 2xWEpath based finder AR RZL T AR,

path entry finder -- J§12 A I 754 5%
T—m[ X5 sys.path_hooks (Bipath entry hook) i& 8] i) finder , RN X5 GEIE i path entry
e P
15 5%F importlib.abc.PathEntryFinder DA T MREAEA DA FRES LI STV

path entry hook -- J&4% A LT
— RIS, EAEAE A AR R path entry FHEIBIBRE 1S DL BEASGEH sys . path_hooks
HFE1R [Bl—path entry finder

path based finder -- 3% J* B A 4k 2%
BN —FhUsb 12 &30 %5, TIHE—ANimport path Th &AL

path-like object -- JRIEIA} R
RE—AD RGBS R BAREIR AT AR — TR HAER) str 20 bytes MR, &
PAg— ST os.PathLike PRI G . — D 3HF os. PathLike YRR Z LT os.
fspath () @@%}ﬁ%j’ﬂ str ﬁ% bytes %’éﬂﬂ@j{{#%é[ﬁ%ﬁ%, os.fsdecode () %l] os.fsencode ()
AT AR IR RS str B bytes RBUMEER . M52 1 PEP 519 5] AK).

PEP
“Python H{5iF2 I HYSESCHHE . —> PEP jgiiig— (i it S0k, i1 Python 4 IKARAL(EEL, oiifil
7R~ Python [ 4RI M U FE B R E . PEP [ 24 $ (RS A 0 12 AR RS T SRR P 1) S P 33
B

PEP [ {4 th R BOR R Pl WAL DO R DS 151 LA B R 625N Python F 31T HRL5fE
95 SR AL . PEP AR A SUEAEAL X N RS IR, IR R A R B AT A SOR .

%10, PEP 1.

portion -- {54y
P — 4% 25 R BEAS H S N X & (W AT REAECT —A> zip SCH) , BARE LI PEP
420,

positional argument -- {i. ¥ £ 5
2 Wargument ,

provisional API -- £[5¢ API
B2 APL R TR WA B HERRAEARE R 09 ) 5 e S MR IR Z AR I I g e 1 . BRI Il A R
SEAERMWA, (HREHYPRCNE E, 0] RBAEAZ O FF & & i e A LB OL N 3T 1) e R 3k
FWE (ERAFERRZED ). M ESOF NS REIT - U APT I Z i &% &2 1) ™
EE LA P B 1 e BRI A ] R S X R

IR 5 APLARE, S AARA R L el “ I m iR JT 587 —— A M RE A A I
HRS AT B S 2R B — i) S5 AR AR TT 5

XAPAL S R SO VPR E R AR SR WL E R 2Tl M K BT SRS BT IR . R I PEP
411,

provisional package -- ¥] ¢ {4
Z: W provisional AP,

Python 3000
Python 3.x KA ERHIWERR (X4 FHEMRAS 3 i K AIE RS T R I R C B T ) o Al
5 “Py3k”,

Pythonic

AR B BAURS S0 1 Python 15 75 fe i AN RURE RIBILE ,  IM0AS 2 1) HoAt i 5 i
AR R LB . BN, Python HFE I M & (] £ox TERIER A i Iy — A T35 AR SR 14 By
FICER . WEHAMIEF A AL, IR Python I NA I 2 R A — MO T
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-
for i in range(len(food)):

print (food[il])

11T R B2 14 B fi] 37t B Pythonic B 42 XA

for piece in food:

print (piece)

qualified name -- [} @2 8%
— AT R AR, BoR B 4 Je Vs it SO HEAS 2R, sREE B B8
127, AKE S PEP 3155, XTI ZRM RPN, REAR S RAHF—E

P
>>> class C:

class D:
def meth (self):
pass

>>> C._ _qualname

ICI

>>> C.D.__qualname_
'C.D'

>>> C.D.meth.__qgualname
'C.D.meth'

295 T 5 BT, 7 TR E & AR B AR /R IZIBR I AR5 B B B A, Hh e A )
ACHL, BT email .mime. text:

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

'email.mime.text'

reference count -- 5|14
TR AN R R . S5 AT N EBEE, ESRei. FEkimmortal %t
G EAKEAXHAE 5 T, RIS T 2 90RE . 51 710 Python A H5 K 15
AT LR, (HE&CPython LI —AS 0K . )7 M PATIH sys.getrefcount () pR
BORR IR E X2 5| HTT4L

In CPython, reference counts are not considered to be stable or well-defined values; the number of references
to an object, and how that number is affected by Python code, may be different between versions.

regular package -- 5 L1
fegi Bl fpackage, BIMMEALEHR—4 _init__.py XHFRIHR.

%2 Jnamespace package .

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

__slots__
— PR EAERNERI P, i 7 P U S0 A S R G RS R S 0 R4 A E . SRR AT
@ﬁg, 1E'§HC§H§!§£H?FT@% B ROR A DECG 0L R A, BlAkE A B I FE Y, I
H S 171

sequence -- J37-51]
—Mhiterable, T FFET __getitem () FRIRTFRM ARG TR TR N, HE X
T REJFHRKER _ len_ () 7?& WEJFHEAA List, str, tuple Ml bytes . HHER
BR dict EHF _ getitem () Ml _len_ (), (HEEI WG MAEFS, HAEMHAEE
Hhashable BT AR BEBORA IR T E .

collections.abc.Sequence Hﬂﬁﬁgi % ﬁg)l’r——Aﬁ\Eﬁiiiéiﬂﬁii T, ?ZZE __getitem__ () %ﬂ

_len_ () ZA4b, I T count (), index (), _ _contains__ () fl __reversed_ (). 3<£Lﬁt
%’}“J%%DEI’B@EATU\@H% register () K BAHTEN %é’%ﬂlﬁﬂé MFAITERNEZ R, 65
5] 30 7 S A
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set comprehension -- 4 &S5
A FR— AT IEAT R A S e R IR B R E G —F BB 5. results = {c for c
in 'abracadabra' if ¢ not in 'abc'} 3{%@5}&??@%%6’ {'r', 'd'}, 72‘% comprehensions.
single dispatch -- M4 IR
—Fgeneric function 73RIEZ, HEWEET BN HH LB .
slice -- YJ i
ﬁﬁﬁ@ﬁT##ﬁiV€QLtel1ce H‘J*%Bﬁﬂgﬁ'%o @JH%@J&L@% F@T‘@T‘lﬂ?ﬁﬁﬂ@ﬂ& Tf [] ':PZ/E:\EHIL
NPAUB S BERECT:, Bl variable name[1:3:5]. HHES (FAR) pRicENFBEEAH s1ice X
%,
soft deprecated -- ;311
BT H ) APL A WAEF dm SR, (HESH R # R 2. XFER APL R
FAESCR HIF R, (RS TS — 2 T g g .
¥ wm s AR, A APL RT3 &S .
Z: I, PEP 387: Soft Deprecation

special method -- $55% J5 ik
— e Python [ A 73, HRXHEAN R BUPIA TR @ BRI AnAE N 46 55 . X A YA 24 FREY
HRACHBUT RIZ . FRIE 710 S0 2 WL specialnames .,

standard library -- $5 kP
YEA'E J7 Python ffRESS A G A BGER A — IR AT ) e, A Rl ik SR, AL S
PRNETRER RGT-5 . W H RGE A SRR RN A A2 224k . A & SCAY PTAE library-index £
Eo
7312 sys.stdlib_module_names FREUITA I AR HE FEALERAL BRI 21 35 o

statement -- &4
EARREFE (—AMUS <) WAL, — 2B AT AR — A expression BTG K BETHY
ZEKY, 4N 1f. while B for,

static type checker -- 2RI A 2%
L Python (GRS F HEAT /04T, PAEL 3R M BG40 P 5 45 R 0 AN TR, S E 22w AR
typing .

stdlib -- Frifi )%
standard library F4ES .

strong reference -- 7 5| JT]
1E Python [ C API w1, 585|238 AFa 5| AR T A XI5 H . e Es | el
W py_INCREF () KARHGRS | AR5 B AT py_DECREF () SRREIE .

Py_NewRef () PRI TR RTRA R . 8E, UAFER B HA 585 | /R S oE
%585 ] FIE A py_DECREF () PREL, VARESHT] YR .

i S fborrowed reference
text encoding -- 3L AN Z i k% =

TE Python 1, — N FAFER 2 —5 Unicode 0S5 (FEFE2N U+0000--U+10FFFF) . N T fAGEE (G i—
MRS, B ERT MR — R

B ANFRFRFFINC R — DT FFNERRN i, WA F RS S R AR R R
ﬁz‘&”o
HEFAFESCARFE I ek, ENERA" ARG,

text file -- LA LA
—FEENS IS str XS file object. B — A SCAS SCESE Br /& 1 18] — AT 1] 717 /) B8R R0 5
B4k Hirext encoding, XA SCAFBY B FAFEA AR (e 5 'wr) FTHFAY M. sys.stdin.

sys.stdout [/X& io0.StringIO E’]iﬁﬂo

FiESFEbinary file T fRREW RS F 5 23 7 BYSCIRISR .
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24

—MNEAR/NRTT, i IR SR 598 8) A AR B TR BRAT. AT
iR iR FR .
tokenize BARIFHM R 1 Python HYIAIIA TR o token BIRAE TR RAFIAICIAFHE .

triple-quoted string -- — 5|52 fFH

type

HRAW=AESEWES (7) HFRG1S () KPS, ENENE LS RSN — 1515
W PAFER A 2R, (HA Z A . ENTARVFIRIE AT N & R GRS 55 ARG
7, FEHATLARS A7 I JorR (L AT, TS SR AT FR IS 51

- e

Python X 4 f{) 2R B vk 58 B 8 TAH A R3S BT S EH A R e 2R A, Xt g2 8] 8 i 1
__class__ JEMERVIAEZH type (obd) KR,

type alias -- 3745 %

—NRBAFE SR, AYEr OSSR R R B AR IR -
KRB BRIt A K 22 A Bil:

def remove_gray_shades (

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

] DA e

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

Z 0, typing F PEP 484, H G X} M N RE R4

type hint -- 238035

annorarion e, FIRNE. BEIOTES BUR IS E B,

FARIR I AR T AN 2 Python 58 B ZEK, EEATR 54 K20 & % R L. ENTEae
IDE S AU Ab A A

AR KB R B R B DAMI A typing. get_type_hints () RiA, (HfEERAR &M
AHAPA.

Z: W, typing fl PEP 484, H XS REAITEAN A .

universal newlines -- jifi ] #i17

R SCATER A, A TR A S AR AT R Unix BORFAERZ0E \nt . Win-
dows FJZ5%E "\r\n' DA K I Macintosh {25 "\r'. &I, PEP 278 #il PEP 3116 # bytes.
splitlines () TS Z MBI,

variable annotation -- 2 HFR{i

X AR B 5 2 @ A annotartion
TEARYEAR Sl @ MR, 6 AT PR LI A :

class C:
field: 'annotation'

AR EAREE N R 2w BIANA T A RO int RAUAYME:

[count: int = 0

AZ ARV TEVA D TR iR RE I annassign —5 .
Z: W function annotation, PEP 484 1 PEP 526, H. 9 4R T IltThEE. 5157 annotations-howto DA T
i e AT ) B AR S B
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virtual environment -- i ] ¥515%
— R HPMER B 2S00 s TS R8T, FoiF Python I AT AR P AL A1 THL Python 43 & LA
2 THEIR— RS Lz iy HAb Python [ HAE T HIFTH -

%%%jrﬂ, venv,

virtual machine -- JE#HL
— B ATl I B E TR L. Python MEAUML AT AT 7715 i 4 ik & T A JU ) byrecode o

#E 5 B54F
A light-hearted way to refer to the assignment expression operator : = because it looks a bit like a walrus if you
turn your head.

Zen of Python -- Python 2 fifi
S 5 Python it e W 59724, A B TR S I XFIES . &/ HEANE R AR
i A import this”,
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e N

Python [ 34 2 H Sphinx M reStructuredText JFAE 1), Sphinx J2&—4>% JACFE Python SCRY T 4 5 11 3¢
A A -

AT REEZ I e, EWAETEIEE 2557, A0 Python AR o AR AR MUt TTmk, 5 P
reporting-bugs AFANMT S5 . FATHE R B ) 6 S |

RN it -
o Fred L. Drake, Jr., JR4f Python 3R T HAEZ G, RE R AEE
o T A% reStructuredText I Docutils Z4:[¥] Docutils i H ;
« Fredrik Lundh #J Alternative Python Reference i | , >/ Sphinx 242 /) 5T

B.1 Python TRy kE

A RZ X} Python i %, Python AiifEZE A Python SCREA TTHkAY A, Bl Python JRACADJp % 1) Misc/ACKS 3L
PEAIH T3 Tk -

AT Python 4t X ARITIHR, Python A4 1 AL H (R SCRS— IHIHRAT] !
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appeENDIX G

7 S F0iFATE

C.1 zR#pImE

Python 2 %F 1990 4£ %] 1 Guido van Rossum 7F frf = ) Stichting Mathematisch Centrum (CWI, [j, https:
Ihwww.cwinl) VER—17144 1 ABC FIEF G465 B35/ . Guido {59842 Python 1) = ZEH, R EHRA
& T2k B HAB AR BTk

T 1995 4F | Guido £ #:7 Jé I/ Reston T7 ) Corporation for National Research Initiatives (CNRI, T, https:
/Iwww.cnri.reston.va.us) &£z} Python #g TAE, fAedl B kK T2 A2 A .

Tr 2000 4£ 5 H, Guido #1 Python #Z%.0>FF % 41 A #% & BeOpen.com 41 %t T BeOpen PythonLabs [#]B\ . [H]4E
10 H, PythonLabs [#] A% % Digital Creations, 544}y Zope Corporation, 7 2001 4, Python Software
Foundation (PSF, I, https://www.python.org/psf/) {37, X—1% 11 NEE 5 Python #H 3 B H1R =AM
BISLHYARE A ZHEH . Zope Corporation ;& PSF [1)— MBI i .

JirA7 Python Z AR ZTTIRAY (A R IT PRI E XL https://opensource.org). FET S E, KREEAH A4
Python % 7fifiidt & GPL AR5 FREEE T4 A HIL .

RuRA  EBE i aE

©
U
—
i
0¥
N

&7 (1)

09.0% 12 nl/a 1991-1995 CWI T
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 =2
2.1 2.0+1.6.1 2001 PSF o
2.0.1 2.0+1.6.1 2001 PSF 2
2.1.1 2.142.0.1 2001 PSF 2
2.1.2 2.1.1 2002 PSF =
2.1.3 2.1.2 2002 PSF =
22 FEE 211 2001 &4 PSF 2

O #ik

(1) GPL A H AL TATZHET GPL %A Python. 5 GPL A[A], FfA Python ¥F Al IEHR fLFHik
I3 K GAB VR IUCAR T FE TR TP IEAR BTG 18 8 . GPL 328 B ¥R I HIE (/5 Python W] DA Hofih F
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GPL EARHYE A AN AP RTUE AN AT RA

(2) #% % Richard Stallman [¥ii5, 1.6.1 A& GPL 3451, BBV AT IR & R & a4k H
JEH | CNRI ({1563, Stallman FOAEEIHE45F CNRI AL 1.6.1 5 GPL ” HIEARFEA.

AR ZAE Guido 155 T TARMISNTE I, , (AKX LKA N AT RE

C.2 FREE LIE A ERA Python BRI M

Python {441 S04 A9 {8 T 4 7] ¥4 Python Software Foundation License Version 2.

M Python 3.8.6 J14G, SXARYFH RGBT, BEVERS SN H AR R ] PSF License Version 2 Fi{lZero-Clause BSD
license XUEE A FH 77T .

FA 7 Python PR AR VFAT . I BEVFA] S SRR AT 2 R — RIS . A X e
AR SE R RS TP T A a9 75T 57530,

C.2.1 PYTHON SOFTWARE FOUNDATION LICENSE VERSION 2

1. This LICENSE AGREEMENT is between the Python Software Foundation ("PSEF"), and
the Individual or Organization ("Licensee") accessing and otherwise using this
software ("Python") 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 alone or in any derivative
version, provided, however, that PSF's License Agreement and PSF's notice of
copyright, i.e., "Copyright © 2001-2024 Python Software Foundation; All Rights
Reserved" are retained in Python 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 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.

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

5. PSF SHALL NOT BE LIABLE TO LICENSEE OR ANY OTHER USERS OF PYTHON
FOR ANY INCIDENTAL, SPECIAL, OR CONSEQUENTIAL DAMAGES OR LOSS AS A RESULT OF
MODIFYING, DISTRIBUTING, OR OTHERWISE USING PYTHON, 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, Licensee agrees
to be bound by the terms and conditions of this License Agreement.
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C.2.2 FHF PYTHON 2.0 g BEOPEN.COM F o] tipiX
BEOPEN PYTHON FFJ5 i T 3 &5 1 i)

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

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

Software, alone or in any derivative version prepared by Licensee.

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

4. BEOPEN SHALL NOT BE LIABLE TO LICENSEE OR ANY OTHER USERS OF THE SOFTWARE FOR
ANY INCIDENTAL, SPECIAL, OR CONSEQUENTIAL DAMAGES OR LOSS AS A RESULT OF USING,
MODIFYING OR DISTRIBUTING THE SOFTWARE, OR ANY DERIVATIVE THEREOF, EVEN IF
ADVISED OF THE POSSIBILITY THEREOF.

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

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

7. By copying, installing or otherwise using the software, Licensee agrees to be
bound by the terms and conditions of this License Agreement.

C.2.3 FF PYTHON 1.6.1 §§ CNRI ¥F o] il

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

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

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

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

5. CNRI SHALL NOT BE LIABLE TO LICENSEE OR ANY OTHER USERS OF PYTHON 1.6.1 FOR
ANY INCIDENTAL, SPECIAL, OR CONSEQUENTIAL DAMAGES OR LOSS AS A RESULT OF
MODIFYING, DISTRIBUTING, OR OTHERWISE USING PYTHON 1.6.1, OR ANY DERIVATIVE
THEREOF, EVEN IF ADVISED OF THE POSSIBILITY THEREOF.

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

7. This License Agreement shall be governed by the federal intellectual property
law of the United States, including without limitation the federal copyright
law, and, to the extent such U.S. federal law does not apply, by the law of the
Commonwealth of Virginia, excluding Virginia's conflict of law 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.

(B L)

C.2.4 FHF PYTHON 0.9.0 E 1.2 ) CWI #F 5] #ipiY

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

Cawy
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(% L 50)
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 DOCUMENTA-
TION

Permission to use, copy, modify, and/or distribute this software for any
purpose with or without fee is hereby granted.

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

C.3 IgF a9 o] 5155
AT 52 Python K ATHR IR IS = A AT AN EGHNE B, 3G SRR A e 3 ORI K17 .
C.3.1 Mersenne Twister

YE°M random B R 2 _random C ¥ @B A% & T M http://www.math.sci.hiroshima-u.ac. jp/~m-mat/MT/
MT2002/emt19937ar.html "FEH ARG DA 2 A ARG 1) 58 B ERE:

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

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

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

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

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

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

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

permission.

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS

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

LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR

A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE COPYRIGHT OWNER OR
CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL,
EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO,
PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR

PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF
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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)

(B L)

C.3.2 EfEx

socket ffi[l] T getaddrinfo () fil getnameinfo () WIDE i H (A [a] 5 S04 https://www.wide.ad. jp/

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

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

modification, are permitted provided that the following conditions

are met:

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

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

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

without specific prior written permission.

THIS SOFTWARE IS PROVIDED BY THE PROJECT AND CONTRIBUTORS "AS IS" AND

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

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

C33 REEEFRS

test.support.asynchatiﬂ]test.support.asyncorei%tkfﬂf?ﬁkj:ﬁﬁﬁﬁo

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

(T
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CONSEQUENTIAL DAMAGES OR ANY DAMAGES WHATSOEVER RESULTING FROM LOSS
OF USE, DATA OR PROFITS, WHETHER IN AN ACTION OF CONTRACT,
NEGLIGENCE OR OTHER TORTIOUS ACTION, ARISING OUT OF OR IN
CONNECTION WITH THE USE OR PERFORMANCE OF THIS SOFTWARE.

C.3.4 Cookie &

http.cookiesiﬁikf@f?QLW:ﬁﬁﬁﬁ:

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 HITIEER
trace AT PAT

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,
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Bioreason or Mojam Media be used in advertising or publicity pertaining to
distribution of the software without specific, written prior permission.

C.3.6 UUencode 5 UUdecode & #k
uu G AL AR A A

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 i3 =R A
xmlrpc.clientfﬁi&f@f?@&jiﬁﬁﬁﬁ:

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.

(B L)

C.3.8 test_epoll
test.test_epoll *ﬁﬁ%@ﬁ%?ﬁﬁ%

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 fER KT kqueue FY4 & AT A H:

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

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

modification, are permitted provided that the following conditions

are met:

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

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

THIS SOFTWARE IS PROVIDED BY THE AUTHOR AND CONTRIBUTORS "AS IS" AND

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

OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT
LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY
OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF
SUCH DAMAGE.
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C.3.10 SipHash24

Python/pyhash.c {47 Marek Majkowski’ %] Dan Bernstein [ SipHash24 SVERSEH . B PA R
A :

<MIT License>

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

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

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

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

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

C.3.11 strtod #0 dtoa

Python/dtoa.c SCAHEHALT C pREL dtoa Fil strtod, T C RUKS EHUEFI FAF R Z (B M55, BIRAE
H By David M. Gay % 5 1) [d] 44 3Cf4.  H B SCHF R £E https://web.archive.org/web/20220517033456/http:
/Iwww.netlib.org/fp/dtoa.c /i), fF 2009 4F 3 H 16 H Kz Z E 19 546 S5 AR UBCRI VR n] 75 BH:

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

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

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

* Permission to use, copy, modify, and distribute this software for any

* purpose without fee is hereby granted, provided that this entire notice
* is included in all copies of any software which is or includes a copy

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

* documentation for such software.

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

* REPRESENTATION OR WARRANTY OF ANY KIND CONCERNING THE MERCHANTABILITY

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

*

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

C.3.12 OpenSSL

WERABAE R GEA SN hashlib, posix Fll ss1 £ffifi] OpenSSL PEEEETHERE. HAh, Python ) Windows
FI macOS “Z4 87 1] fE 2> 4% OpenSSL FERRIAS, Br AFRATHAE M 45— 15 OpenSSL /7 A] Ik 1) Il 4% .
XTF OpenSSL 3.0 &k, MHEGEATAERA, ¥{#iF Apache License v2:

Apache License
Version 2.0, January 2004
https://www.apache.org/licenses/

(T
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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
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.
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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.

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.

Redistribution. You may reproduce and distribute copies of the
Work or Derivative Works thereof in any medium, with or without
modifications, and in Source or Object form, provided that You
meet the following conditions:

(a) You must give any other recipients of the Work or
Derivative Works a copy of this License; and

(b) You must cause any modified files to carry prominent notices
stating that You changed the files; and

(c) You must retain, in the Source form of any Derivative Works
that You distribute, all copyright, patent, trademark, and
attribution notices from the Source form of the Work,
excluding those notices that do not pertain to any part of
the Derivative Works; and

(d) If the Work includes a "NOTICE" text file as part of its
distribution, then any Derivative Works that You distribute must
include a readable copy of the attribution notices contained
within such NOTICE file, excluding those notices that do not
pertain to any part of the Derivative Works, in at least one
of the following places: within a NOTICE text file distributed
as part of the Derivative Works; within the Source form or
documentation, if provided along with the Derivative Works; or,
within a display generated by the Derivative Works, if and
wherever such third-party notices normally appear. The contents
of the NOTICE file are for informational purposes only and
do not modify the License. You may add Your own attribution
notices within Derivative Works that You distribute, alongside
or as an addendum to the NOTICE text from the Work, provided
that such additional attribution notices cannot be construed
as modifying the License.

You may add Your own copyright statement to Your modifications and
may provide additional or different license terms and conditions
for use, reproduction, or distribution of Your modifications, or
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for any such Derivative Works as a whole, provided Your use,
reproduction, and distribution of the Work otherwise complies with
the conditions stated in this License.

5. Submission of Contributions. Unless You explicitly state otherwise,
any Contribution intentionally submitted for inclusion in the Work
by You to the Licensor shall be under the terms and conditions of
this License, without any additional terms or conditions.
Notwithstanding the above, nothing herein shall supersede or modify
the terms of any separate license agreement you may have executed
with Licensor regarding such Contributions.

6. Trademarks. This License does not grant permission to use the trade
names, trademarks, service marks, or product names of the Licensor,
except as required for reasonable and customary use in describing the
origin of the Work and reproducing the content of the NOTICE file.

7. Disclaimer of Warranty. Unless required by applicable law or
agreed to in writing, Licensor provides the Work (and each
Contributor provides its Contributions) on an "AS IS" BASIS,
WITHOUT WARRANTIES OR CONDITIONS OF ANY KIND, either express or
implied, including, without limitation, any warranties or conditions
of TITLE, NON-INFRINGEMENT, MERCHANTABILITY, or FITNESS FOR A
PARTICULAR PURPOSE. You are solely responsible for determining the
appropriateness of using or redistributing the Work and assume any

risks associated with Your exercise of permissions under this License.

8. Limitation of Liability. In no event and under no legal theory,
whether in tort (including negligence), contract, or otherwise,
unless required by applicable law (such as deliberate and grossly
negligent acts) or agreed to in writing, shall any Contributor be
liable to You for damages, including any direct, indirect, special,
incidental, or consequential damages of any character arising as a
result of this License or out of the use or inability to use the
Work (including but not limited to damages for loss of goodwill,
work stoppage, computer failure or malfunction, or any and all
other commercial damages or losses), even if such Contributor
has been advised of the possibility of such damages.

9. Accepting Warranty or Additional Liability. While redistributing
the Work or Derivative Works thereof, You may choose to offer,
and charge a fee for, acceptance of support, warranty, indemnity,
or other liability obligations and/or rights consistent with this
License. However, in accepting such obligations, You may act only
on Your own behalf and on Your sole responsibility, not on behalf
of any other Contributor, and only if You agree to indemnify,
defend, and hold each Contributor harmless for any liability
incurred by, or claims asserted against, such Contributor by reason
of your accepting any such warranty or additional liability.

END OF TERMS AND CONDITIONS

(B L)

C.3.13 expat
pyexpat ¥ J&E M Fr G expat JERIASKIER, BRAEECE 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

(BETID
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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
BN ctypes BEERTJEN _ctypes C ¥ 2 (A4 1 Libfli J5 A B A L, BRAEA R ICE T

——with-system-1libffi:

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

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

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

THE SOFTWARE IS PROVIDED "AS IS", WITHOUT WARRANTY OF ANY KIND,
EXPRESS OR IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE AND
NONINFRINGEMENT. 1IN NO EVENT SHALL THE AUTHORS OR COPYRIGHT
HOLDERS BE LIABLE FOR ANY CLAIM, DAMAGES OR OTHER LIABILITY,
WHETHER IN AN ACTION OF CONTRACT, TORT OR OTHERWISE, ARISING FROM,
OUT OF OR IN CONNECTION WITH THE SOFTWARE OR THE USE OR OTHER
DEALINGS IN THE SOFTWARE.

C.3.15 zlib
R ARG EARBIRY 21ib BAKIHTCk N THE, W a5 zlib JEACR 7 DURAEE 2140 47

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
(A
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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

(B L)

C.3.16 cfuhash
tracemalloc {Hi I Fr FE M) L PLEL T cfuhash T H

Copyright (c) 2005 Don Owens
All rights reserved.

This code is released under the BSD license:

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

are met:

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

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

* Neither the name of the author nor the names of its
contributors may be used to endorse or promote products derived

from this software without specific prior written permission.

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

C.3.17 libmpdec

Y decimal BT ER _decimal C 4 &R MM (4% 1 libmpdec FERRIAMERT, BRIEAENTE 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:
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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.

(B L)

C.3.18 W3C C14N X EH

test A HI) C14N 2.0 MiR4E (Lib/test/xmltestdata/c14n-20/) $EELEH W3C R https://www.w3.org/

TR/xml-c14n2-testcases/ FHR#E 3 S5k ik BSD ¥4 A iF & 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 mimalloc
MIT A iE:

Copyright (c) 2018-2021 Microsoft Corporation, Daan Leijen

Permission is hereby granted, free of charge, to any person obtaining a copy

94 Appendix C.



https://www.w3.org/TR/xml-c14n2-testcases/
https://www.w3.org/TR/xml-c14n2-testcases/

Extending and Embedding Python, & {ThR% 3.13.7

(B L)

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

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

THE SOFTWARE IS PROVIDED "AS IS", WITHOUT WARRANTY OF ANY KIND, EXPRESS OR
IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF MERCHANTABILITY,
FITNESS FOR A PARTICULAR PURPOSE AND NONINFRINGEMENT. IN NO EVENT SHALL THE
AUTHORS OR COPYRIGHT HOLDERS BE LIABLE FOR ANY CLAIM, DAMAGES OR OTHER
LIABILITY, WHETHER IN AN ACTION OF CONTRACT, TORT OR OTHERWISE, ARISING FROM,
OUT OF OR IN CONNECTION WITH THE SOFTWARE OR THE USE OR OTHER DEALINGS IN THE
SOFTWARE .

C.3.20 asyncio
asyncio BEHKRLEHR MK H uvloop 0.16, ERRET MIT ik &ZATH):

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.

C.3.21 Global Unbounded Sequences (GUS)

WA Python/gsbr.c B4 B subr_smr.c 1 FreeBSD HJ”Global Unbounded Sequences” 4Z4x P77 WL T % .
SR EET 2 453K BSD VR Al IEA K1Y

Copyright (c) 2019,2020 Jeffrey Roberson <jeff@FreeBSD.org>

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

modification, are permitted provided that the following conditions

are met:

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

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

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