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This guide only covers the basic tools for creating extensions provided as part of this version of CPython. Some third
party tools offer both simpler and more sophisticated approaches to creating C and C++ extensions for Python.
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PEP 489 — Multi-phase extension module initialization
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>>> import spam

>>> status = spam.system("ls —-1")
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#define PY SSIZE_T CLEAN
#include <Python.h>
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#define PY_ SSIZE_T_ CLEAN was used to indicate that Py_ssize_t should be used in some APIs instead
of int. It is not necessary since Python 3.13, but we keep it here for backward compatibility. See arg-parsing-
string-and-buffers for a description of this macro.

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

0

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_APTI 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_APTI 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>

6 Chapter 2. H|&X} =3 gio| &% OHE7|
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e <string.h>

tgeog 2g ool F7tskE A2 9hol W T H 4 spam.system(string) ©] F7FE W) &€ C &=
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static PyObject *
spam_system (PyObject *self, PyObject *args)
{

const char *command;

int sts;

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

sts = system(command) ;

return Pylong_FromLong (sts) ;

}
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% PyExc_OSError & oF FUThH. QA HF o £A 7} 9L 2 W, pyarg_ParseTuple () ¥ YHtE o=
byExc. Typerrror® BAA U gtol 54 W9l o] 9lo]of 5171} 12 2 AL B8 of 3 AR}
9O ™ pyExc_ValueError 7} A gt}

A A S py_XDECREF () L} Py_DECREF () & & 3}9]) 7}

2

You can also define a new exception that is unique to your module. The simplest way to do this is to declare a static
global object variable at the beginning of the file:

[static PyObject *SpamError = NULL;

J

and initialize it by calling PyErr NewException() in the module’s Py _mod_exec function
(spam_module_exec()):

[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.

For now, let’ s avoid the issue: we will block repeated initialization by raising an ImportError:

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},

(TH5 sl oA ol A%)
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(o] A s o] A AN A Al %)
{0, NULL}
bi

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) ;

of| ] AA Q] Ffo]H 0] 5L spam.error Yo FY A Al 2. PyErr_NewException () &4+ (NULL THA
02 a7 s A o= 3 vl o] & F e A7) (bltin-exceptions o A] A ¥ H) ExceptionQl S AE
5 % gl

spankrror M4t A2 W01 7 o9 Fe 0] e 2 E HATONE FAFAN L 0] AL JEHY
TH 915 5= o5 o9 7F BEAN A A AR 5 971 whol, Zeh2 7} 1 e A A spanrror 7t L@
(dangling) Z V¥ 7} 5] 2] QF =5 5t W, S0l A FxE 27T 2 AUk e 2QAH 7t
S, o9 2 BN CAES Tol G} b o mohA) e R2§S Do+ dgruivh

For now, the py_DECREF () call to remove this reference is missing. Even when the Python interpreter shuts down,

the global SpamError variable will not be garbage-collected. It will “leak”. We did, however, ensure that this will
happen at most once per process.

o] Z o] FIHE A pyMODINIT_FUNCE & WkHg 0 2 ALg-3l+= Zlof &3l gyt

3
t}2 3} ZFo] pyErr_SetString () & &3] % R E oA spam.error 9| & LA L 4 I 51 th

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 Ol|d 2 Z0l7t7|
NA F= Fot7hA, o)Al A2 EL o] BAS o3 E 5 Slofok Fth

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

A B Eof|A o2 7} A S W pyArg_ParseTuple () o &3l A A o €] of] o] £ HA nULL(AA] Z <1
B & Hhelsl= 9] ol 2] A7) whshehu ok 23 X] o 1A} FAFE ko] A1 Y W4 command
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o %5 it o] AL T tolw Ael 7= BALE £AANAE & BT (Mekd B2 C
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2 B2 FY2 < system() & £=9H|, PyArg_ParseTuple () Ol A €2 EXE& AZg

[sts = system (command) ;

29 spam.system() &g+ sts2] g2 3ho| A AR =2 93| of ). o] 22 PyLong_FromLong ()

58 ALg kel o ol Witk

[return PyLong_FromLong (sts) ;

o] A%, A4 AAE UL (o, Be2AE ol HoA = A4 A dut)
&3 AAE 9HEsHA] b= C 5 (void & WHEhatE &) 7 glod, aj & sho] A &+ None & RHSH
okttt 124 38 U:l o] #2717} 23t} (Py_RETURN_NONE Wi I & 2 L& FH U th):

Py_INCREF (Py_None) ;
return Py_None;

Py_None2 E£4: 5ol A NoneA C o2t gtol A H ok o], o F50] 3ol A “of 2”& =3}

NULL 4°1E17} ol et 2 & sho] M A A YTt

2.1.4 D E9| HAME H|O|ED} 7|5 &t
=

ol ZZ WA spam_system() ¢ B A &

1617 0] o] 53} 7 4.8 12510 gl o

HE=A B A0 FEH sk WA, “HAE

static PyMethodDef spam_methods[] = {

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

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

bi

Al A &5 (METH_VARARGS) o] 2 S A1 L. o] 22 A ZE|Eof| A| C Frol AHEE & 73S ¢
FE=Zgadyrct dutad o 7 A METH VARARGS U METH_VARARGS | METH_KEYWORDSOZ] okgrrt}; 0
&2 = AHSE Al o= Pyarg_ParseTuple () M o] AMSE S vl

METH_VARARGS TF AFE- & uff, 3F4=&= vlo] W =& v 7] <=7} pyArg_ParseTuple () & 53 4 £4] o
5 8H = FEE AEE A2 7|s) of gt o] ol th sk 2pA| s F K= ofefof] Als-g U th.
719 E A= ?:—roﬂ Ads] ok s, Al A Do A vETH_KEYWORDS H|ES A AT 4= gl UTh o
A CEFEZIHNE -7t E /‘ﬂ HA pyobject * W7 A& WrofEof oF Futh o] & gk g

ol = PyArq_ParseTupleAndKeywords E AL S A E LR R /\4 XS A L.

HAE H ol 82 2 Ao F2A A fé}ilﬂ of oF g th:

static struct PyModuleDef spam_module = {

.m_methods = spam_methods,

bi

thAl, o) FRAL B8] 2715 Gl 4 AE ZRE 2 AL ol of Furl. 2715 9| gL
PyInit_name () o o] oF BT}, o1 7] 4] name e 259 ol B o], BE o] Aol H §A o ] stacic
3 0] o of ] Th:

PyMODINIT_FUNC
PyInit_spam(void)
(T sl o] Aol Al%)
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return PyModuleDef_ Init (&spam_module) ;

(o] sl o] A ol A AI)

PyMODINIT FUNCE &4:E pyobject * WI8tg 02 Molsty, ZehZo] AQ 3 E4

o, C++2] - 8 extern "Cc"E A AT 7234 A L.

EERL]

“

o

A3}

“

PyInit_spam() iscalled when each interpreter imports its module spam for the first time. (See below for comments
about embedding Python.) A pointer to the module definition must be returned via PyModuleDef_ Init (), so that

the import machinery can create the module and store it in sys.modules.

When embedding Python, the PyInit_spam() function is not called automatically unless there’ s an entry in the
PyImport_Inittab table. To add the module to the initialization table, use PyImport_AppendInittab (),

optionally followed by an import of the module:

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

int

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

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

/* Py_Initialize 2l “HgF T &S F M-I +/
if (PyImport_AppendInittab ("spam", PyInit_spam) == -1) {

fprintf (stderr, "Error: could not extend in-built modules table\n");

exit (1) ;

/% =fe|M SISZ ==& argyi0] & VLY */

status = PyConfig_SetBytesString(&config, &config.program name,

if (PyStatus_Exception(status)) {
goto exception;

/+ melM dSEEsg 2 Y, U4

a2 T .
°f TN AT, YA CIN T FH. <
status = Py_InitializeFromConfig(&config);

if (PyStatus_Exception (status)) {
goto exception;

}

PyConfig_Clear (&config);

/* Meixjes 252 9T E Y S, B L,
CiItEl A 2= oE = Y EjTpX] oz =2
A & QeI </

PyObject *pmodule = PyImport_ImportModule ("spam");
if (!pmodule) {
PyErr_Print () ;
fprintf (stderr, "Error: could not import module 'spam'\n");

/7 oo ATA FelY coapr & TS UL

return O;

argv[0]);

(TH5 sl el Aol A)
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(o] sl o] A ol A AI)

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

0 3z

If you declare a global variable or a local static one, the module may experience unintended side-effects on
re-initialisation, for example when removing entries from sys.modules or importing compiled modules into
multiple interpreters within a process (or following a fork () without an intervening exec () ). If module state
is not yet fully isolated, authors should consider marking the module as having no support for subinterpreters (via
Py_MOD_MULTIPLE_INTERPRETERS_NOT_SUPPORTED).

A more substantial example module is included in the Python source distribution as Modules/xx1limited.c. This
file may be used as a template or simply read as an example.

A2e g A837) Aol Hok & % 7hx o] o gtk A A3 sholwl A 2dThe] P,
£ 202 AW Y AT Andol A §4 21 sepde] mhel gebd £ gk 84
BEL WESE Ao Ba H(CH) Crr B U= DT AR DEo] Ok AT AL ool T
T 7L R (ol A 02 Crr S U= 87 ) E FEAA L

54 29YS AT S AL, RES stold ez JpH REos nEYw, 7 YL
WAL AHZ 2 S thA) WEsfof FUth & FAE, o] AL FHLolA S APtk GFS
F 22 ¥ Z 9 Modules/ YHE o] Y (o] & & spammodule.c)S ¥ 11, Modules/Setup.local
ool o2l 29 3t S 7|E e S ES S Al 2

[spam spammodule.o }

2383 FHAY o HE o) A make S AP 3e] AE]Z B E S A I EFAH A L. Modules/ A B t]HE
2] o A make S AP = QA TH HA ‘make Makefile’ 2 435} MakefileS TFA] W E&) ofF ST},
(1 A& setup 39S WA T Wt B8 L Th)

Ego g3 FrhetelHe vt 2850, o] Ax 74 9l S0l UL E = JdsUh o€ ol

[spam spammodule.o —-1X11 }
2.1.6 COl|A{ mIO|M & SE517]

A F7HA ol Mo C B4 8 32T 5 QEE 3 o AF WUk I W E 48T th Col A
sho] A g4 B8 7]. o] AL B3] “Z U F4E A Yl 2ol Hefelo] A9l g C AL 5 o]
7t 2 e A2 S, 558 sho M-S 5% shol A e mol A 2wl v A S AlBor e 2at
&UTH AL C 24 shold 2u) B4 TEeoF Fuith ThE SEE AT 4 A5tk
t3s], stol N R ZElH = AAZR o Z A TS, Fo|W F+E T E5te BF AEH 0|27} I
ST (54 A9 Q0% ol S g BEse ol AL BhEA A e 2o
Aohd, gfo] W A FEO|A Modules/main.cf —c ¥ & 4 TS AHEAAL)

o)W 5 6= d5Uth WA, stold 22 W2 oA £ ool A ol T4 AAE
Agsfof FUch o] & fal (e o A o) 2) & AFaHof Ut o] 7t s EE of, A
o MW (EE ool E7]°ﬂ A4k 3t °1D1°ﬂ1+)°ﬂ sho] % < AR o th gk ZAEE A A2
(Py_INCREF () 3 of = Zlof] YA ). o & 5], tha T= 28 A9 7L + s Uth

static PyObject *my_callback = NULL;

(TH5 sl el Aol A)
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(o1 sl o] A ol A Al <5)
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) ; / SN ZEpel ST FE S F rurRlS 2/
Py_XDECREF (my_callback); /* °|7 292 =M= »/
my_callback = temp; VA | == =] I I ol e V4

/* "None" & HETre 2% Z o= s/

Py_INCREF (Py_None) ;
result = Py_None;

H

}

return result;

] 34~ METH_VARARGS S 2] L& AbE-sto] H Z 2ol 553 oF Futh; o] A2 A 252 vlA=
2] O] ‘jﬁr 2713} gl A o] JFUTh Pyarg_ParseTuple () 58 1A 9 QA= 2H ghof A

vl W4 207 A Aol AE o) gy

W] 3 & py_XINCREF () 2} Py_XDECREF () &= A9 Z=Z 3]
B TH(Z 2 v o] T ol A temp—NULLOl 0}‘401] el st Al ). AM Fhx Slof o] o t gl
AHE7F JdFUh

5o, %42 523 0, C 84 pyobject_callobject () & ST o] F4os T 72l a7}
] 3

gL, 2 5] sholl 2ol o) 2 IE 2Lk shol il 9k 55, 24 HF2 4 dol )
A79] 59 £ & AR ook FLITE. 14 o] Thol A B8 TE kel W, wuzsol Wl FES AR
AL shte) olxtg 3 &ske W, o = 3 ] 2. Py _Buildvalue () = 2 Ex}do] Z35

A3 A
Zon
= =2

3=
Abelol 07 o) Fe) 2l == 745 9 ek ol & Sl

int arg;
PyObject *arglist;
PyObject *result;

arg = 123;
/6 2HE TEL AT
arglist = Py_BuildValue (" (i)", arg);

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

PyObject_CallObject () &= 3} 14&4 7“?1] ZOHE ua3y
Yt} PpyObject_CallObiject ( o1 Ao} T “F xR
PyObject_CallObject () &= 2 & Py DECREF () 5 & QI A} 5&

PyObject_CallObject () & W3 Zh2 “A| Z1” YU th A3 M Z-& A A o]

AA Yt webA, Zd@' Aol Aste] = Z o] ofbd 3 AAF(E3]) 2 gholl &4 o]

Py_DECREF () 3f| oF $huc}.

T} o] AYS 5337 Aol viE gro] nurn o] obd A Fsf ok gyt 2E o, stol A g

e & ‘ﬂ“ﬁ AlA F5S A YYTh Pyobject_CallObject () BHE C ZETZF Ffoj Ao X SE5 JttH
of Al o 4 & 1E HEg3slo], QA E = aaﬂ/\wea] o|AE A AU &&= I

=

o A Shol A & 2o A
old T} o2 A%
SERAP

JoF ¢

=~

I el lel PSS M A o ey Crear )

J

rt n:°l‘
m[n

‘{’\_
2 3%3}9] 9 k)
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if (result == NULL)
return NULL; /* °I®& E3F |5 */
.use result...
Py_DECREF (result) ;

glo] A Zu h2of b5 Y5k o1 E] 5] o] Ao wha}, pyobject_Callobject () of Q1 A} 22 | &3f of 3t
SE AUk ulo] ue A%} 2L 2w 958 AT 2L e o] 28 53 sholl L2 1Yo A
AFFU 18 the B4 ARG 2o YA 02 AFFHI AT 5 YU Th TE o, A2
Soz AT N {FE2& FAM T £ = IFUth o FA sk 7Hd 2Rl W2 py_Buildvalue ()
E3Es= AQUth dlE 5o, AF oWIE =& ALY, thS ZEE AT 5 s Ut
PyObject *arglist;

arglist = Py_BuildValue (" (1)", eventcode);

result = PyObject_CallObject (my_callback, arglist);
Py_DECREF (arglist);
if (result == NULL)
return NULL; /* CI8& E3F “|°F */
/% 7NN °FetE result® AR THISE 4/
Py_DECREF (result) ;

S A%, o8 A4 Aol py_DECREF (arglist) o] Wi X o]l 2] sp A 2! w3 A3} Totw o] =7}
HAHA] FEol = F AL py_Buildvalue () of W& 2|7 #52 5 gloj A =els) of it
Aot 719 £ AAE A W3k pyobject_Call () & AHB8Ie] 71 E ARV Sl S 2EE T
A5 UTh 919 ool A 9kzEol, py_Buildvalue () B AF&-3te] 94 Vel & FA T

PyObject *dict;

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

return NULL; /* CI18& E3F “|=F */
/* A7 °FrE resultd ATE THITE A/
Py_DECREF (result) ;

2.1.7 & 40l M OW7H S 5517
Zro]l A gtk

PyArg_ParseTuple () &4+ th23}

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

arg AA = o] WMo X C T2 AgE = AA B o] 3H FF AR of of Fth format AR 2

—?X}‘ﬁ oJojof stw, -2 FHo] K/C API & H & 2 vl 47 & 9 arg-parsingol] A= o] JF Ut w7
A2= =Yl FAFF o o3 o] AAF = M5 FaooF YTt

PyArg_ParseTuple () = ZFo 3 QIA7F @ FH = FAA ASHAI T S0 Add C S 49 F8

e FAT S JFUh AL E Y, =7 SEIFAU HoE WE 9 g9 v EE JojHUth

1311/] ZABAI A 9

FTEA A AFE = BE stol A A Fx+= L H -2 (borrowed) Fx Aol FoHHAIL; 2 AT E

Fo] A npy Al 21

2 7H oA 2%

#define PY_SSIZE_T CLEAN
#include <Python.h>
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int ok;

int i, 3j;

long k, 1;

const char *s;
Py_ssize_t size;

ok = PyArg_ParseTuple(args, ""); /* X7 A& =1=F +/
/FECIY RE L)/

ok = PyArg_ParseTuple(args, "s", &s); /* £ »/
/* s T Te|M™M T & f('whoops!') */

ok = PyArg_ParseTuple (args, "lls", &k, &1, &s); /* 5 WM long™ S = +/
/* M el 2% f(1, 2, 'three') */

ok = PyArg_ParseTuple (args, " (ii)s#", &i, &Jj, &s, &size);
/* int ¥ Y, A 2 s wHBYH A 2/
/s TPl L& f((1, 2), 'three') */

const char *file;

const char *mode = "r";

int bufsize = 0;

ok = PyArg_ParseTuple (args, "s|si", &file, &mode, &bufsize);
/* 2D, 2= MEAYe s E StE AAT Fa s/

/M el T E
f('spam')

f('spam', 'w')

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

}
{
int left, top, right, bottom, h, v;
ok = PyArg_ParseTuple(args, " ((ii) (ii)) (ii)",
&left, &top, &right, &bottom, &h, &v);
/= R
/e The T eIy 2 E
£(((0, 0), (400, 300)), (10, 10)) */
}
{
Py_complex c;
ok = PyArg_ParseTuple (args, "D:myfunction", &c);
/¢ x4, CIME AT T4 C|Bs MY 4/
/* s T TrelM T E: myfunction(1+2j) */
}

2.1.8 2 S 2T 7|1/E= 4] H

PyArg_ParseTupleAndKeywords ( ?i%ltjf}——¢+7L°]*1°*914E+

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

arg @} format W} 7} W4+ PyArg_ParseTuple () &2 5L E Yt kwdict “H 7N W4
ANA Al HA w7 M2 FAE 719 E G 2 JUTh kwlist vl 7] "4 w7 ¥
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Aol i £ EEUTh ol §2 AR N LEHOE formars) W AR A Tk AT,
PyArg_ParseTupleAndKeywords () = S Wl&sl1, 12X ko 7‘] AL w3tsla A -3 g E
AN YL

0 Ixn

ZIE JIAE AE T o] THE FES FE2AT T st kwilistol]l Sl 719 E w7 "7}

ALH ¥ TypeError & A A Z Y T}

Th2-& Geoff Philbrick (philbrick@hks.com) o] A& 7|9t & 3}, 7| =& AHE-3HE oA EE Y Uth

#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[] = {
/* The cast of the function is necessary since PyCFunction values
* only take two PyObject* parameters, and keywdarg parrot () takes
* three.
*/
{"parrot", (PyCFunction) (void(*) (void))keywdarg _parrot, METH_ VARARGS | METH_
—~KEYWORDS,
"Print a lovely skit to standard output."},
{NULL, NULL, 0, NULL} /* sentinel */
bi

static struct PyModuleDef keywdarg_module = {
.m_base = PyModuleDef HEAD_INIT,
.m_name = "keywdarg",
.m_size = 0,
.m_methods = keywdarg_methods,
bi

PyMODINIT_FUNC
PyInit_keywdarg (void)
{
(ThZ o] A ol A1)

16 Chapter 2. H|&fXI =7 Qi0| &% OtE 7|
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(e]A sl o] A ol A A<
return PyModuleDef_ Init (&keywdarg_module);

2.1.9 Q99| gtE 7&Fst7|
o] F4= pyarg_parseTuple () o W] QU L) T 7 2o] AAH U )

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

byarg_parseTuple () A QAH & AT FAR £ 09 AT QAR W, AxH(F5) Eo) of
ek 2121 A th = 2 9157} of 1] 1 kol o oF S ch. sho] Aol A £ 25 C R0l eIl
A5t A) spol W A 2 W o,

Pyarg ParseTuple () €] @ 7HA) kol 8: FAkE 3 A QA7 F& o] ol of A vk (sfol W A 222
PR 0% FER BUN ) W EYU, by ouiivalue( & H FES DESAL B2 o)
2 BAGe] B o4 T U7 EFH Aol W FEL A=Yk 2yl Fxpdo] wo] gow
tone & MELELITh A3 SHiel Lol el & YT, 2 A0] R olo)d oG Lo B 7} 71 e A
AE WHEFUTE 2717F00| 1 19l 22 AR et E S st H, =W EAEE 22 RO L
AA (FFHS FTEo|A, LEFL A FHol A YU h:
Py_Buildvalue ("") None
Py_Buildvalue ("i", 123) 123
Py_ Bu1ldValue("lll , 123, 456, 789) (123, 456, 789)
Py_BuildvValue ("s", "hello") 'hello'
Py_BuildvValue ("y", "hello") b'hello!
Py_Buildvalue ("ss", "hello", "world") ("hello', 'world')
Py_Buildvalue ("s#", "hello", 4) 'hell'
Py_BuildvValue ("y#", "hello", 4) b'hell!
Py_Buildvalue (" ()") ()
Py_BuildvValue (" (i)", 123) (123,)
Py_BuildvValue (" (ii)", 123, 456) (123, 456)
Py_Buildvalue (" (i,1i)", 123, 456) (123, 456)
Py_Buildvalue("[i,1i]", 123, 456) [123, 456]
Py_Buildvalue ("{s:i,s:1i}",
"abc", 123, "def", 456) {'abc': 123, 'def': 456}
Py_BuildvValue (" ((ii) (ii)) (ii)"
1, 2, 3, 4, 5, 6) (1, 2), (3, 4)), (5, 6))

CU C++ 9} 222 AA0jof| A, oA w2 ele] 4 &

= AL Zz2ad w7t 93k
() & free () ﬂ/‘EA}i«La}oq ]z} —

| A&, AAR}F new?} delete

EEAHoz 22 uE AEHY LEEFGEE =9 ECe 73—‘% Al gkt A5 U th

malloc() &2 S H EE HE g g%t free() & &3] st H T E3t] AME 7St M RE 22
"3t o] of Tt A °ﬂ free() 8 &3 E Aol FLFULE EF59 45 AoHF AT, free ()
E3EsA o z2 o] F5E u7hA %% A o W2 E A 5 “A‘%E}. o] A<
W 2 2] =2 (memory leak) 2t T Th W), 2 23 o] EZo thf free() E T ET UhF EFS
A4 A58, =2 nalloc () TEL E3) ‘é%% H/\}%@_}ﬂ FTEo] AU o] 2 A E w =g
AF-8-317] (using freed memory) BF3L Ut 27135 A] 42 ol E FReb= A3 22 8E A9

==

gt — 3o} 9=, 428 43, v 2H W FE,

MEel rpe dNA AAL IES FAMFFHA =YY o o, ot vue 5L
FFohaL, o @ A4S Tk, BES O AT 5 AUk o)Al @50 thak 7 Ag o] WA of
o 2AL %A SHE AL e AAE FAAA G5 2710 HBAG 5 =S FUch o £7]
922 AT, 53] o] ZEo] FohE o), $9E Wue 5 HAGE A2 dAM s 4%
ok ole g rat du ol Y $5 e AT A HAHA ehHUTh ole 2L AR £E L
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RRo gk o] 2ol Aul, thEe] HA A 2doE Be A R ol M, T4 S FE A
MG oo AE s m 2 A 2o AUk 47k e ok wekA, ol SRe) o2 2 29 7 4 ol

A F3) F5rh WA GES S Ao FRFUT

o] WL malloc() I free () & Wol ARE3}7] wj ol W2 2] o sjAlE W2 e AFES 5= A
gol] gk A WS FX 35 A 7| (reference counting) 231 Ut A= gy ch &
A A 01]% 7 EE 283U} 7= AA o g g F27F ol d b AE uf) S7beka, FER7FAAIE
u ZHA YT 72 E 700l = 23HE, A of o gk upR] k2 7} AR A o] a1 A A 7} S Al E Ut

S A5 7H8 R = A (automatic garbage collection) ©] 2Fal Ut} (W] 2=, ZZ 3 4= A 7| = 7F8] A]
olg}aL s A, 7 7FA & T3] A8 “AsT = %9&’5‘4‘4) s 7H A Y THE 2 AL
OEBAEACE ST a7 gl AYUnh (E 02 39 o7 S5 v e
A o] A gk — o] 212 AL sE AR o] OP"‘W‘:‘r- dHECY A = ﬁ‘?—/‘ﬂﬂt o] 2143 AUA
T JAT (Fr malloc() Ffree () T AT 5 = T — O]%C Fo] EAEU), AAl=
A5 7pul A 5 ‘ﬂﬂ“q—ﬁQQQQVMC%°ﬂ%%aﬂ 14 95 AE A
58 AU, 1, FoI Y

A+ /‘ﬂ 7] T2 /\} kAR Fx &S AA
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The cycle detector is able to detect garbage cycles and can reclaim them. The gc module exposes a way to run

the detector (the collect () function), as well as configuration interfaces and the ability to disable the detector at
runtime.

= N
AN
r 0l
i

i BN o
2

Lo MOllM EZ= Sl M7

A2 35 S FAE AYdte F MY W3 Z py_INCREF (x) 2} Py_
Py_DECREF () + 0o =&etd AAE A= Fuch FAZE A, free ) & 4
32 Ut — A, AA 2] & AA (type object) ol Y& T ZAHE F3

71ED S S8l BE Aol ld 3 AA o ti sk = 1E%+E %} t}.

oA & ARo] I th: AA py INCREF (x) 2 Py DECREF (x)
27N OPZﬂ 14“4 OFFE AAE “Af(owns)” 3FA] kFUTH | 1
reference) & 5~ Y FUTH AA ] F=x 35+ o]A| o] 7“?<ﬂ°ﬂ o sk ui ’“ et e= @ﬂ%‘/lﬂ}. =z
AFAE He FER7FE 884 ¢ °} S W} Py_DECREF () 8 S E&3lof FUth I Aa/FdS =T+
A5tk 273 %‘+ X%*S}L /‘ﬂ 7HA] W o] °‘A‘4‘3‘r e, A% 4 py_DECREF () &&. &
F2E AEsHA] o w2 =47 A T

F 22 9 2] = (borrow)? A% 753U h Z2 9] t) o] A} (borrower) = Py_DECREF () &
1= = P e | i%?‘}i"/}ﬁ 2 AAE BRI G F YT AFAT A2 3
S35t 3H7<ﬂﬂ H 2 5 AR ol ol A Al F3of Ty,

r

3l A=

e
S e

r Sop o |

Mo o
o E
ol

=2

mE

RANY

<
aﬂw%iw%iz1%@a%¢%4ﬂ@mi%@z%
EijR=

_‘N_[
[

£

£ Py_INCREF () & Egﬂﬂ ES
G v XA Ut — A2 4
ofyeh Al &fAE FEE SHIE

24

By oo g mb gl »y ot

Jo & N WO N
N

N
X,

B og
)

Jo I
i o
o

4z X
f
2o
e

22 )7 (borrowing)” S+ 5] SuhEA GEUTH AR AL o8 Fx AR AT Y5
Q2 4711 o AH1A SAeE AL FEFA gauth— B2 A4 AA7 AR Wzl A& 5 o)A e Ao
AAEB 5 YgeH
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v
A
o

PyLong_FromLong () ©] W} Py_Buildvalue () & Z2 A AR E vt = 7S
S Aol A A Tk A7 AR E A AR 7 ohU E e, of
= W5Yth o] & 9, PyLong_FromLong () & &3] AR5 &= 3] 7§ A]

B do
£ Jordd
roh L o

FrewEd et
2 AANA AANE FEE B2 45 F24 A 2aFAS AU, A E &
PyObject_GetAttrString (). 18U E 7FX] AREAQl FHl o] o & o] 7] wfj ol 17 o] H&alA] ¢k
% Ut} PyTuple_GetItem(),PyList_GetItem(),PyDict_GetItem() & PyDict_GetItemString() <
BERE ok ms g el U 32 g wagh

PyImport_AddModule () :?j{f[:l::_ fﬁlzﬂ% ‘:&%}5}% 7—]145&]‘% s _/; g)]\;q?_ IRl %Zﬁ% ‘i%@"’] q: 7—]11;3] oﬂ
o3k A3 27t sys.modules ol A 7FE o 917] wj &l 7he @t

A FzrETE T AST o, dRtH o=, 4= o

sl oF 3t py_INCREF () & AFESFO] 5§ £FA7F g YT o] 41
PyTuple_SetItem() I} PyList_SetItem(). o] ¥+ EL ALH =

Assteetx! (Pypict_SetTtem() F L AFE2 42 FAE HSA 5T — ol «

@

o
5
N
i)
9.
%
2
X
fols
Ty
i)
£
fols
T
Y
f
z
o
rlo
rO
X
=2
=
o
e
BN
i

z,

ARE AR wf o, ¥ Fxo 442 3}

AU Al oF & wlj vk, Py _INCREF () & E&3to] &afst A=
spol oA TEH C grol A widE AR F2E 4/ FZ2 ok FUtt — 2/FdL2 oA TEA}
2 A yrch

T

L

e
i}
R=)
)
B
A s
il o,

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

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

ft

ol = wA 1ist(o] o e FZE DA tF2, 1ist (1] S FH o2 ZE vy, npxjgto g g 2z
sttt Fas] HolA 8?2 A v 218 X] ek U

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_dealloccalls tp_finalize, whichis mappedtothe del () method for class instances (see
PEP 442). This entire sequence happens synchronously within the PyList_SetItem() call.

Folpor AP A7 whEell, _del () MIANEE 4ol ol IS APFD + Y5
pug () |4 itemo] e F2E F AR ot= AP TP 5 AS7122 2B LY TH bug 0
2EZF del () WIAEONA AN TS THAL 7EY B, del 1ist (019 BAE FE
T o, ol Aol s Aol of & w2t Fxety b std, 2213 1 dE W 2 2] £ 5 Al st
item< FEE FTh

o 2
[ > M (g
LN
2o W O

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

Py_INCREF (item) ;

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

Py_DECREF (item) ;

o] 212 AA| o] o7l YUtk o] A WA 9] sfo] ol = o] W 12| M o] 29 of
m M E7F A3 ske o7& Lot 7] A8 C Y AoAM 4B AIE ElE

The second case of problems with a borrowed reference is a variant involving threads. Normally, multiple threads in
the Python interpreter can’ t get in each other’ s way, because there is a global lock protecting Python’ s entire object
space. However, it is possible to temporarily release this lock using the macro Py_BEGIN_ALLOW_THREADS, and to
re-acquire it using Py_END_ALLOW_THREADS. This is common around blocking I/O calls, to let other threads use
the processor while waiting for the I/O to complete. Obviously, the following function has the same problem as the
previous one:

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

NULL ZOIE

At oz A F2E AAZ F3lE T nvin ZOAHE AGE Aoz 7|yl gon, 1874
ﬁ}fﬂ FAEFZIYTH(EE o] FY Fo] BZE Y Th. A4 IR E vhddst= 4= gdutdo=
of| 2] 7} A 1SS LFERU 7] 918 A 2 nuLn & WSS TF nuLL A RS AARSHA] 9 ol sl
L% AHAlo] B2 AR E thE Tl Aoty = duth — 2 357k nuin g ARSI, S5 AL
uJ—o] Hl—/\g ]—_T’_ e

(EEPEPAT EREEY
NULL Y 4 A ZAEZF£AE wf “axr ok norng AAFSHE Aol F5Uh ol Eol, malloc()
011%01191% DAL = Qs ol Al

ro

U] 2 2 py INCREF () @} Py DECREF () = NULL ZAHE AASHA LS5 UT — A2 252 My

NU
Py_XINCREF () 9} Py_XDECREF () & <1 g|]

EA AA FL 2287 93 ) I & (Pytype Check ())& NULL Z1E S 9614 F5UTh — E‘r/\l
o2 ZIthste Foll thal AA S HAAFsH7]) A3l AL3NA ol &S o2l M T Este ZE7HHotA, S5

AN AR Utk wors A4S e W e g,

CE4 32 MAUZLSC 4ol ALH A7 BE (o 4 args) o] Ao nurso] ohd& B A Th—
AAZE FA FELS BT
NULL ¥ Q1B & o] Abg Aol Al “mbA YA A" vhEE AL Az ol gt

teedRr ~ntd TF FAS AU T o AW RAL FAA Gt — ol AL 043 /& 2EAA Bl AR Th
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2.1.11 C++2 E&F ZHM 517

AUtk & A A o] Hgg Ut w9 =2 19 (Ihol A Az H)
olC AIdH=E HpY F3asE, AR d= Aol A A (static) AAE AT 4 glsUTh
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static int
PySpam_System(const char *command)
{

return system(command) ;

spam_system () &5E AtAaSHA A H Ut

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

const char *command;

int sts;

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

sts = PySpam_System(command) ;

return PylLong_FromLong (sts);

BEY AlF REOA, ThS F vl T

[#include <Python.h>

e 22 o 27he of g

#define SPAM_MODULE
#include "spammodule.h"

The #define is used to tell the header file that it is being included in the exporting module, not a client module.
Finally, the module’ s mod_exec function must take care of initializing the C API pointer array:

static int

spam_module_exec (PyObject *m)

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

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

/* Create a Capsule containing the API pointer array's address */
c_api_object = PyCapsule_New((void *)PySpam API, "spam. C_API", NULL);

if (PyModule_Add(m, " _C_API", c_api_object) < 0) {
return -1;

return 0O;

PySpam_API+ static 2 AAFYTH 12 A 2 W pyInit_spam() ©] T2 uf] Q1 v & o] Al

Ao
Zd Y EEL2 3o 3¢ spammodule.ho] 1o, o} 5y th:
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#ifndef Py_SPAMMODULE_H
#define Py _SPAMMODULE_H
#ifdef cplusplus

extern "C" {
#endif

/* spammodule < ©15 =gl */

/* C API functions */

#define PySpam_System NUM 0

#define PySpam_System RETURN int

#define PySpam System PROTO (const char *command)

/* C APT 2SS F 5 */
#define PySpam_API_pointers 1

#1ifdef SPAM _MODULE
/* 9l AL spammodule.cT® TS FHOATFE I </

static PySpam_System RETURN PySpam_System PySpam_System PROTO;

#else
/* °l 3L spammodule® APIE AME e L ECIN A2 E IS */

static void **PySpam_ API;

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

/91 A -1, 943 A og TG
* pPyCapsule_Import's °1®7F A2 <A=E 4 F -l =,
74

static int

import_spam (void)

{

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

}

#endif

#ifdef ___cplusplus

}
#endif

#endif /* !defined(Py_SPAMMODULE_H) */

J

All that a client module must do in order to have access to the function PySpam_System () is to call the function
(or rather macro) import_spam () in its mod_exec function:

static int
client_module_exec (PyObject *m)
{
if (import_spam() < 0) {
return -1;

(T2 sl ol Al ol A1)

2.1. CL} C++2 TIO|™ 25517 23



Extending and Embedding Python, Z2|A 3.13.7

(o1 sl o] A ol A Al <5)
/* additional initialization can happen here */
return 0O;

o ¥l 2 2 3 spammodule.h 7t T HA ST AYUth 23U, 7R FRE HEYE
gharlTh ZobA, 7 W Rk S el o,

Ao 2 Qe F7t Ve Alwstn, 5] Agol A ZAH| vE
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Include/pycapsule.h@} Objects/pycapsule.c )] AHE o] 5}
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2ol glerth. o] WA FAIO) e 2heke 271 QIu .

L[

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

webA, A 33 E sk, A g AR E BEojok Futh

This sort of thing can only be explained by example, so here’ s a minimal, but complete, module that defines a new
type named Custom inside a C extension module custom:

0 Ix
A7)0 EA S AL B A (sraric) 48R E Ao st AT AL PAPU T, R 2o A
S oF FIth. C APLE I 8 pyType_Fromspec () B8 A8l § 8% 2332 F2) & 5 Ja]

ohek, o] Ahg A ol M = TR A] U T

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

typedef struct {

PyObject_HEAD

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

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

bi

static int
(Th& sl o] Aol Al<)
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(o1 sl o] A ol A Al <5)
custom_module_exec (PyObject *m)
{
if (PyType_Ready (&CustomType) < 0) {
return -1;

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

return O;

static PyModuleDef_ Slot custom_module_slots[] = {
{Py_mod_exec, custom_module_exec},
// Just use this while using static types
{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,

b

PyMODINIT_FUNC
PyInit_custom(void)
{

return PyModuleDef_ Init (&custom_module) ;

oAl g WMol i oF & Z o] WA, o] g3} H 3 Hol 7] E whgyth o] 34 Al ZHAE Ao F
Yo

1. What a Custom object contains: this is the CustomObject struct, which is allocated once for each Custom
instance.

2. How the Custom type behaves: this is the CustomType struct, which defines a set of flags and function
pointers that the interpreter inspects when specific operations are requested.

3. How to define and execute the custom module: this is the PyInit_custom function and the associated
custom_module struct for defining the module, and the custom_module_exec function to set up a fresh
module object.

A 22

typedef struct {
PyObject_HEAD
} CustomObject;

This is what a Custom object will contain. PyObject_HEAD is mandatory at the start of each object struct and
defines a field called ob_base of type PyObject, containing a pointer to a type object and a reference count (these
can be accessed using the macros Py_TYPE and Py_REFCNT respectively). The reason for the macro is to abstract
away the layout and to enable additional fields in debug builds.
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0 Iz

PyObject_HEAD | A2 Fl o= AW EE°] glsUTh A+ 2 F718te Aol Tt 7 At

dY==HT AdY

EE, AR WA O Z ¥ ZF pyobject _HEAD AL 9o 27 olEHE AL & Sof, BF
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typedef struct {
PyObject_HEAD
double ob_fval;
} PyFloatObject;

= R AL g AR ) Aol U,

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

bi

0 #Ix
A7 2 A 9= BE PyTypeObject BEE UESHA g1 BEY A ¢AE AH 24 gFosH,
2 9} Zro] C99 ~EF 9] A ¥ (designated) Z7] A= /\]—&3]'— Zlo] 5 Ut

object.holl <= PyTypeobject & AA| Fol& 92 o Hrh v @2 2=& 25tk U
CRAdHA s 002 AYA W, BR5HA] Fo YA H oz AA A o= Ao &

3 wlol @ W=A we the e gt

[.obfbase = PyVarObject_ HEAD_INIT (NULL, O)

o] 2L QoA AF3ob_base BEE X7]31317] Y3 E 4 AL AT

[.tp_name = "custom.Custom",

2] g o) 8. o) AL AA|e) /)R HAE BAT AR o 2] WA A o e T, o] & Sol:

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

Note that the name is a dotted name that includes both the module name and the name of the type within the module.
The module in this case is custom and the type is Custom, so we set the type name to cust om.Custom. Using the
real dotted import path is important to make your type compatible with the pydoc and pickle modules.

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

This is so that Python knows how much memory to allocate when creating new Custom instances. tp_itemsize
is only used for variable-sized objects and should otherwise be zero.
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0 Iz

If you want your type to be subclassable from Python, and your type has the same tp_basicsize as its base
type, you may have problems with multiple inheritance. A Python subclass of your type will have to list your
type firstinits __bases__, or else it will not be able to call your type’ s __new__ () method without getting an
error. You can avoid this problem by ensuring that your type has a larger value for tp_basicsize than its base
type does. Most of the time, this will be true anyway, because either your base type will be object, or else you
will be adding data members to your base type, and therefore increasing its size.

We set the class flags to Py_TPFLAGS_DEFAULT.

[ .tp_flags = Py_TPFLAGS_DEFAULT,

o 455 Ze) o] eI oF T Th Aol T W 33747 ol H RE WM E BBk
2319, 3 22 18 OR o of g o,

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

To enable object creation, we have to provide a tp_new handler. This is the equivalent of the Python method
new__ (), but has to be specified explicitly. In this case, we can just use the default implementation provided by

the API function PyType_GenericNew ().

[.tp_new = PyType_GenericNew, J

Everything else in the file should be familiar, except for some code in custom_module_exec ():

if (PyType_Ready (&CustomType) < 0) {
return -1;

This initializes the Custom type, filling in a number of members to the appropriate default values, including ob_type
that we initially set to NULL.

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

This adds the type to the module dictionary. This allows us to create Custom instances by calling the Custom class:

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

That’ s it! All that remains is to build it; put the above code in a file called custom.c,

[build-system]

requires = ["setuptools"]

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

name = "custom"

version = "1"

in a file called pyproject.toml, and

from setuptools import Extension, setup

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

2.2, &S Hol5h7|: REEAM 27
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£ setup.pyete 3o Y& o2 U S

[$ python -m pip install . }

in a shell should produce a file custom. so in a subdirectory and install it; now fire up Python — you should be able
to import custom and play around with Custom objects.

AFA A HA FsUth 1A Fubs?

€8, @A Custom P2 12] S 54 5 Uth dlolE7F QLA obF- A% 3hA] U th A2 S 424t
& sy

2.2.2 7|z ollx[ol ClOIE{Qt HIME FT}5t7

Let’ s extend the basic example to add some data and methods. Let’ s also make the type usable as a base class. We’
1l create a new module, custom?2 that adds these capabilities:

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

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

} CustomObject;

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

(TH5 sl el Aol A)
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(o1 sl o] A ol A A1)

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

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

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

return 0;

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

static PyObject *
Custom_name (CustomObject *self, PyObject *Py_UNUSED (ignored))
{
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"
by
{NULL} /* Sentinel */

bi

static PyTypeObject CustomType = {
.0b_base = PyVarObject_ HEAD_INIT (NULL, O0)
.tp_name = "custom2.Custom",
.tp_doc = PyDoc_STR("Custom objects"),
.tp_basicsize = sizeof (CustomObject),
.tp_itemsize = 0,
.tp_flags = Py_TPFLAGS_DEFAULT | Py TPFLAGS_BASETYPE,

(TH5 sl el Aol A)

22, XS HMol5l7|: AHEM 29




Extending and Embedding Python, Z2|A 3.13.7
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.tp_new = Custom_new,

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

.tp_methods = Custom_methods,
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 0O;

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 = "custom2",
.m_doc = "Example module that creates an extension type.",
.m_size = 0,
.m_slots = custom_module_slots,

bi

PyMODINIT_FUNC
PyInit_custom2 (void)
{

return PyModuleDef Init (&custom_module);

ol Mo gl o 7HA WA Abdel stk

The custom type now has three data attributes in its C struct, first, last, and number. The first and last variables are
Python strings containing first and last names. The number attribute is a C integer.

AR F2AE e 2ol AAHUTh

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

} CustomObject;

o)) Tel et el olEl 7} Q7] o, AR Tkt s o] Bl vl AFEH ok FUTh H 2, B
a4 WA =7} 88 g
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static void
Custom_dealloc (CustomObject *self)
{
Py_XDECREF (self->first);
Py_XDECREF (self->last);
Py_TYPE (self)->tp_free ((PyObject *) self);

o]+= tp_dealloc WH o g Ytk

[.tp_dealloc = (destructor) Custom_dealloc, }

This method first clears the reference counts of the two Python attributes. Py_XDECREF () correctly handles the
case where its argument is NULL (which might happen here if tp_new failed midway). It then calls the tp_free
member of the object’ s type (computed by Py_TYPE (self)) to free the object’ s memory. Note that the object’ s
type might not be CustomType, because the object may be an instance of a subclass.

0 #Fx

CustomObject * ?l ]‘
PyObject * QXS HF
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static PyObject *

A

-

gd=

rE
Hd
Fr

713 E = F 3t A oA, tp_new +A S AlF U

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;

22 AL cp_new W o] AX T

[.tp_new = Custom_new, }

The tp_new handler is responsible for creating (as opposed to initializing) objects of the type. It is exposed in Python
as the _ new__ () method. It is not required to define a tp_new member, and indeed many extension types will
simply reuse PyType_GenericNew () as done in the first version of the Custom type above. In this case, we use
the tp_new handler to initialize the first and last attributes to non-NULL default values.

tp newt A€ 3 H B Fehart A2ds 3 W, MEA custontype d BLE G5

that gol g v Agd B AV AL, o J2d A8 vhad Z oz gyt
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[self = (CustomObject *) type->tp_alloc(type, 0);
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If you are creating a co-operative tp_new (one that calls a base type’ s tp_new or __new__ (

Ok?¢14t+

S BN R

(
k.

) ), you must not

try to determine what method to call using method resolution order at runtime. Always statically determine what
type you are going to call, and call its tp_new directly, or via type->tp_base->tp_new. If you do not do
this, Python subclasses of your type that also inherit from other Python-defined classes may not work correctly.
(Specifically, you may not be able to create instances of such subclasses without getting a TypeError.)
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static int
Custom_init (CustomObject *self, PyObject *args, PyObject *kwds)
{
static char *kwlist[] = {"first", "last", "number", NULL};
PyObject *first = NULL, *last = NULL, *tmp;

if (!PyArg_ParseTupleAndKeywords (args, kwds, "[00i", kwlist,
sfirst, &last,
&self->number))

return -1;

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

}

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

}

return O;

O| AL E tp_init EX= AMFUth
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[.tp_init = (initproc) Custom_init,

The tp_init slot is exposed in Python as the __init__ () method. It is used to initialize an object after it’ s
created. Initializers always accept positional and keyword arguments, and they should return either 0 on success or
-1 on error.

Unlike the tp_new handler, there is no guarantee that tp_init is called at all (for example, the pickle module by
default doesn’ tcall__init__ () on unpickled instances). It can also be called multiple times. Anyone can call the
__init__ () method on our objects. For this reason, we have to be extra careful when assigning the new attribute
values. We might be tempted, for example to assign the £irst member like this:

if (first) {
Py_XDECREF (self->first);
Py_INCREF (first);
self->first = first;
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static PyMemberDef Custom_members|[] = {

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

{"last", Py_T_OBJECT_EX, offsetof (CustomObject, last), 0,
"last name"},

{"number", Py_T_INT, offsetof (CustomObject, number), O,
"custom number"},

{NULL} /* Sentinel */

bi
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[.tp_members = Custom_members, }
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We define a single method, Custom.name (), that outputs the objects name as the concatenation of the first and last
names.
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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);

J

The method is implemented as a C function that takes a Custom (or Custom subclass) instance as the first argument.
Methods always take an instance as the first argument. Methods often take positional and keyword arguments as
well, but in this case we don’ t take any and don’ t need to accept a positional argument tuple or keyword argument
dictionary. This method is equivalent to the Python method:

def name (self):

)

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

Note that we have to check for the possibility that our first and 1ast members are NULL. This is because they
can be deleted, in which case they are set to NULL. It would be better to prevent deletion of these attributes and to
restrict the attribute values to be strings. We’ 1l see how to do that in the next section.

oAl MM =L AU M E Ao v A2 s ol oF Futh

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

bi

(note that we used the METH_NOARGS flag to indicate that the method is expecting no arguments other than self)

223 tp_methods X% AP Fth:

[.tpfmethods = Custom_methods, }

Finally, we’ 1l make our type usable as a base class for subclassing. We’ ve written our methods carefully so far so
that they don’ t make any assumptions about the type of the object being created or used, so all we need to do is to
add the Py_TPFLAGS_BASETYPE to our class flag definition:

[.tpiflags = Py_TPFLAGS_DEFAULT | Py_TPFLAGS_BASETYPE, }

We rename PyInit_custom() toPyInit_custom?2 (), update the module name in the PyModuleDef£ struct, and
update the full class name in the PyTypeObject struct.

Finally, we update our setup . py file to include the new module,

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

1)

and then we re-install so that we can import custom2:
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[$ python -m pip install

2.23 O0|E HER|RFEE O MZstAl 01517]

In this section, we’ 1l provide finer control over how the first and last attributes are set in the Custom example.
In the previous version of our module, the instance variables first and last could be set to non-string values or
even deleted. We want to make sure that these attributes always contain strings.

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

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

} CustomObject;

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

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

CustomObject *self;

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

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

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

}
return (PyObject *) self;

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

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

(TH5 sl el Aol A)
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return -1;

(o1 sl o] A ol A A1)

if (first) |

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

Py_SETREF (self->1last,
I3

return 0O;

static PyMemberDef Custom_members[] = {
Py_T_INT,
"custom number"},

{NULL} /* Sentinel

{"number",

274
bi

static PyObject *

offsetof (CustomObject,

Py_NewRef (last));

number), O,

Custom_getfirst (CustomObject *self, woid *closure)

{
return Py_NewRef (self->first);

static int
Custom_setfirst (CustomObject *self,

{

if (value == NULL) {
PyErr_SetString (PyExc_TypeError,
return -1;

}

if (!PyUnicode_Check (value)) {

PyErr_SetString (PyExc_TypeError,

PyObject *value,

void *closure)

"Cannot delete the first attribute");

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

return -1;

I3
Py_SETREF (self->first,
return 0;

static PyObject *
Custom_getlast (CustomObject *self,

{
return Py_NewRef (self->last);

static int
Custom_setlast (CustomObject *self,

{

if (value == NULL) {
PyErr_SetString (PyExc_TypeError,
return -1;

}

if (!PyUnicode_Check (value)) {

PyErr_SetString (PyExc_TypeError,

PyObject *value,

Py_NewRef (value)) ;

void *closure)

void *closure)

"Cannot delete the last attribute");

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

return -1;
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(o1 sl o] A ol A A1)

}
Py_SETREF (self->last, Py_NewRef (value));
return 0O;

}

static PyGetSetDef Custom_getsetters[] = {
{"first", (getter) Custom _getfirst, (setter) Custom_setfirst,
"first name", NULL},
{"last", (getter) Custom_getlast, (setter) Custom_setlast,

"last name", NULL},
{NULL} /* Sentinel */
bi

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

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

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

bi

static PyTypeObject CustomType = {
.0ob_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 *) &CustomTIype) < 0) {
return -1;

return 0;

static PyModuleDef_Slot custom_module_slots[] = {
(th sle] Aol Al%)

N
N
I
0.
0!
0.

PR H oI5tz KA 37




Extending and Embedding Python, Z2|A 3.13.7

(o] A | o] A oA A A %)
{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 = "custom3",
.m_doc = "Example module that creates an extension type.",
.m_size = 0,
.m_slots = custom_module_slots,

bi

PyMODINIT_FUNC
PyInit_custom3 (void)
{

return PyModuleDef_ Init (&custom_module) ;

To provide greater control, over the first and last attributes, we’ 1l use custom getter and setter functions. Here
are the functions for getting and setting the first attribute:

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;

The getter function is passed a Custom object and a “closure”, which is a void pointer. In this case, the closure is
ignored. (The closure supports an advanced usage in which definition data is passed to the getter and setter. This
could, for example, be used to allow a single set of getter and setter functions that decide the attribute to get or set
based on data in the closure.)

The setter function is passed the Custom object, the new value, and the closure. The new value may be NULL, in
which case the attribute is being deleted. In our setter, we raise an error if the attribute is deleted or if its new value
is not a string.
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PyGetSetDef 2 A2 w4 & w5 Ut}
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

83l tp_getset EF° S5 h

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

bi

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

if (!PyArg_ParseTupleAndKeywords (args, kwds, "|UUi", kwlist,
&first, &last,

&self->number))
return -1;

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

}

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

return 0;
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>>> 1 = []

>>> 1.append(1l)

>>> del 1
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In the second version of the Custom example, we allowed any kind of object to be stored in the first or last
attributes*. Besides, in the second and third versions, we allowed subclassing Custom, and subclasses may add
arbitrary attributes. For any of those two reasons, Custom objects can participate in cycles:

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

>>> n = Derived()

>>> n.some_attribute = n

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

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

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

} CustomObject;

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

Py_VISIT (self->first);

Py_VISIT (self->last);

return 0;

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

(Th= sl ol Al ol A1)
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static void
Custom_dealloc (CustomObject *self)

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

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

CustomObject *self;

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

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

Py_DECREF (self);
return NULL;

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

}
return (PyObject *) self;

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

if (!PyArg_ParseTupleAndKeywords (args, kwds, "|UUi", kwlist,
&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 */

i

static PyObject *
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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)) {
PyErr_SetString (PyExc_TypeError,
"The first attribute value must be a string");
return -1;
}
Py_XSETREF (self->first, Py_NewRef (value));
return 0O;

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

{
return Py_NewRef (self->last);

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

return O;

static PyGetSetDef Custom _getsetters[] = {
{"first", (getter) Custom _getfirst, (setter) Custom_setfirst,
"first name", NULL},
{"last", (getter) Custom_getlast, (setter) Custom_setlast,
"last name", NULL},
{NULL} /* Sentinel */
bi

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

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

(TH5 sl el Aol A)
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static PyMethodDef Custom_methods[] = {
{"name", (PyCFunction) Custom_name, METH_NOARGS,
"Return the name, combining the first and last name"
by
{NULL} /* Sentinel */

bi

static PyTypeObject CustomType = {
.0b_base = PyVarObject_ HEAD_INIT (NULL, O0)
.tp_name = "customé4.Custom",
.tp_doc = PyDoc_STR("Custom objects"),

.tp_basicsize = sizeof (CustomObject),

.tp_itemsize = 0,

.tp_flags = Py_TPFLAGS_DEFAULT | Py TPFLAGS_BASETYPE | Py_TPFLAGS_HAVE_GC,
.tp_new = Custom_new,

.tp_init = (initproc) Custom_init,

.tp_dealloc = (destructor) Custom_dealloc,

.tp_traverse = (traverseproc) Custom_traverse,

.tp_clear = (inquiry) Custom_clear,

.tp_members = Custom_members,

.tp_methods = Custom_methods,
.tp_getset = Custom_getsetters,
bi

static int
custom_module_exec (PyObject *m)

{
if (PyType_Ready (&CustomType) < 0) {
return -1;

if (PyModule_AddObjectRef (m, "Custom", (PyObject *) &CustomTIype) < 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 = "custom4d",
.m_doc = "Example module that creates an extension type.",
.m_size = 0,
.m_slots = custom_module_slots,

bi

PyMODINIT_FUNC
PyInit_custom4 (void)

{
(TH5 sl el Aol A)

N
N
I
0.
0!
0.

PR H oI5tz KA a3




Extending and Embedding Python, Z2|A 3.13.7

(o] A | o] A oA A A %)
return PyModuleDef_ Init (&custom_module) ;
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static int
Custom_traverse (CustomObject *self, visitproc visit, void *arg)
{
int vret;
if (self->first) {
vret = visit (self->first, arg);
if (vret != 0)
return vret;
}
if (self->last) {
vret = visit (self->last, arg);
if (vret != 0)
return vret;
}

return 0;

For each subobject that can participate in cycles, we need to call the visit () function, which is passed to the
traversal method. The visit () function takes as arguments the subobject and the extra argument arg passed to the
traversal method. It returns an integer value that must be returned if it is non-zero.

sbol M visit T T =& A 88t py_visiT() WIAZRE AFFYTh py_visiT() & AHESHH
Custom_traverse oﬂ/ﬂ 'T':l' (3] :r" ookg -a_:_ﬁ-?_-l’ = %IQ‘/}D}:

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

Py _VISIT (self->first);

Py _VISIT (self->last);

return 0O;

i JEiind
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static int
Custom_clear (CustomObject *self)
{
Py_CLEAR (self->first);
Py_CLEAR(self->1last);
return 0O;
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PyObject *tmp;

tmp = self->first;
self->first = NULL;
Py_XDECREF (tmp) ;
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static void
Custom_dealloc (CustomObject *self)
{
PyObject_GC_UnTrack (self);
Custom_clear (self);
Py_TYPE (self) —>tp_free ((PyObject *) self);

Finally, we add the py_TPFLAGS_HAVE_GC flag to the class flags:

[.tp_flaqs = Py_TPFLAGS_DEFAULT | Py_TPFLAGS_BASETYPE | Py_TPFLAGS_HAVE_GC, }

A ot HHUTH AFR A A tp_allocol U tp_free A2 7|5 AP oW, £3 7 A A4S 93
ol FA s oF Tk thtE2 gL As oz Agd HAS A YT

225 CI= &o| Mu ZafAl
1% Qe e A 199 g w4

WG G537 7 4 Ao,

T AFUth

In this example we will create a SubList type that inherits from the built-in 1ist type. The new type will be

completely compatible with regular lists, but will have an additional increment () method that increases an internal
counter:

I Q3 pyTypeObiect S P A AFEE 5 Qo] A,
E 7tol] o] # 3t pyTypeobiect LR AL 7317 o8&

>>> import sublist

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

>>> print (len(s))

6

>>> print (s.increment ())

>>> print (s.increment ())

#define PY SSIZE_ T CLEAN
#include <Python.h>

typedef struct {
PyListObject list;
int state;

(TH5 sl el Aol A)
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(o] A | o] A oA A A%)
} SubListObject;

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

self->statet++;

return PylLong_ FromLong (self->state);

}

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

bi

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

static PyTypeObject SubListType = {
.0b_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

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

(TH5 sl el Aol A)
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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,

bi

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

As you can see, the source code closely resembles the Custom examples in previous sections. We will break down
the main differences between them.

typedef struct {
PyListObject list;
int state;

} SubListObject;

TP AA Y F8 Aol FL W o] 2P A F2A7F A AR gholof of Fhrh= AUt Hl o] ~F 2
olu] LA Y] AlZF HEof pyobject HEAD () & ZT T}

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

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

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

o] A2 A& A} A tp_new®} tp_dealloc WHE Z+= 3 48w S2FUT tp_new AT 7=
AAE tp_allocs AH§3te] 2 A< UﬂEﬂl% HEA] ‘“al, Hﬂ °1£ F;WL7 AA tp_newE TE
2281 2 o of ).

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

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;

—~

(Th= sl ol Aol A1)
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return 0O;

PyType_Ready () & E&3}7] Ao, @ T2l tp_base EF°] AHA JojoF Tyt 7| FS 4T
], PyType_GenericNew () & tp_alloc €% = AL T8+ glsUtt-dlo|ay 9 &5 T7t 4455

gk,

After that, calling PyType_Ready () and adding the type object to the module is the same as with the basic Custom
examples.

2.3 =Hg™ Folstr|: of2 7Hx] FH|

4e AT S Yt TP P WASS 170 s Lol s FoluA1E AT AT AAUT
Che W1 WS A ALE S & A5 BE7H A pyTypeobiect 9] B9 Ytk

typedef struct _typeobject {
PyObject_VAR_HEAD
const char *tp_name; /* ML, "<module>.<name>" J A
Py_ssize_t tp basicsize, tp_itemsize; /* St (allocation)$ */

VA

Sz

=

[

FATE FIME 5/

o

(gl

destructor tp_dealloc;

Py_ssize_t tp_vectorcall offset;

getattrfunc tp_getattr;

setattrfunc tp_setattr;

PyAsyncMethods *tp_as_async; /* °|T°le tp_compare (TF°lM 2)
tp_reserved (Tf°lM 3) & Q™IS -I=F +/

reprfunc tp_repr;

VA

TEAE AT CIME 29E 4

gl

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

/S e EE AY (MOUHE TTYE AT ANl +/

F

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

/Y5 TR P Pt Fa v/
PyBufferProcs *tp_as_buffer;

/¢ AW/HF TsS TAE e TEE 4/
unsigned long tp_flags;

const char *tp_doc; /* AT AM S #/

/x 2ElE 20090 2EE AT A/

/* B8 SPME e T WM ST TE Y4 oo/

(TH5 sl oA ol Al)
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traverseproc tp_traverse;

/* ZRFEL A ST TFE A </
inquiry tp_clear;

/x gElx 2,190 grgrE &t +/
VA I S i L4

richcmpfunc tp_richcompare;

/AT HE FYA </
Py_ssize_t tp_weaklistoffset;

/5 SIEI=ISIS */

getiterfunc tp_iter;
iternextfunc tp_iternext;

/e ClsEg s SragEe e g
struct PyMethodDef *tp_methods;
struct PyMemberDef *tp_members;
struct PyGetSetDef *tp_getset;
/7Y Pele I FE, I Yels
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; /* M&% %<
inquiry tp_is_gc;
PyObject
PyObject
PyObject
PyObject
PyObject
destructor tp_del;

*tp_bases;
/*

*tp_cache;

b

*tp_mro; iME T
*tp_subclasses;

*tp_weaklist;

- B b Bk
unsigned int tp_version_tag;

Enl.

destructor tp_finalize;
vectorcallfunc tp_vectorcall;

®oL

=

bl

o

7% ¢ o d Eaal b
unsigned char tp_watched;

3e “l

} PyTypeObject;

EI-“ _Dl_

/* PyObject_TIS

HX™ 2. 6°90M

(o] sl o] A ol A AI)

g & X} x
2ls e R

= =i & ¢

g +/

*/
GC

= #y
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*/

oA FIAE 7 ob U Th UT AR BN - B sl Fol Yo, o F AR TAY
b5 A o) w9 w5y,

obut 2| F747) el ], o) ol tha Absd K thore M2l Aol f @ ApA S B HE AFE AP ek
B9 £A0] GFL VA= B FAY Fol ol A, FEA ) F B SAUE AYFHA FL A4
. B2 BESL R AL ZS T A Fo A g WA EE A AUk

[const char *tp_name; /* o0& & */
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FZolA Zgol 2 A2 AE Al 2!

[nyssize;t tp_basicsize, tp_itemsize; /* YT (allocation)E */ }

ol dE£ o] F A AA T R v FFT R FS dEFI ol HF YT shelAE ZpH Ao
FEAAAL: EAYE, FE) ol e A2 WSt =, olwf tp_itemsize BET} é‘@?&‘%‘?‘r-

o A2 5ol tE AU th

[const char *tp_doc; }
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o 7)o Zto] W AT HE T} oby.__doc_ S F
Fa)E Y T ASFUTh

oA 1% @ v A =] thah A B ALY - T Bgge] TAT AS AU

2.3.1 mjlo|de|x|o|Mn} eek sHA|

[destructor tp_dealloc; }
of Bgt Y Axvse] Fx 0571008 FolEu shold B E I 1S ABEI}TA Y
W TEFHUch o212 Fol AL W27t AAU B 7L A ] ZYgo]l JoH’, o7 d& 5
A5yt A AA = oA 714 s Al oF Ut o] F9f o= k2 s th
static void
newdatatype_dealloc (newdatatypeobject *obj)

{
free (obj->obj_UnderlyingDatatypePtr) ;
Py_TYPE (obj) —>tp_free ((PyObject *)obj);
}
o] 7Mu|A] = AE A Ysld, 3 A= @ FE=E 2] 97| Zof pyobject_GC_UnTrack () = E &3 oF
Fyh:
static void
newdatatype_dealloc (newdatatypeobject *obj)
{
PyObject_GC_UnTrack (obj) ;
Py_CLEAR (obj->other_obj);
Py_TYPE (obj)->tp_free ((PyObject *)obj);
}
ﬂ“rﬁﬂxﬂ drY FRIAF AT T 3_]"4’“ Af A S 2= dA Folof stk AU
18] 2z 2] B} 7} 3ol é%‘%ﬂ%‘%ﬁﬂ% G A7 7L A EEH 7] w7l TP UTh 28] (B4
BRI S A PR A S AU O
Ae obR s 299 Stk FR HAT LY Fh o)l n=sk 4G £ Y S
27} 2A L 97 AR RS FAT 5 YUtk o€ ARz e} EFAES T 5 dHU
o] & ¥ lef} Sk 2 A SHA] k2 2 A S A ] Ao AR T A E ALt dRFHE

=
B A= ZAJUrTh pyErr_Fetch () & PyErr_Restore () &5E AL St =38 4 QG5 Yt}

static void

my_dealloc (PyObject *obj)

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

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

(TH5 sl el Aol A)
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CEERELEEES
/AT A FEE MY I

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

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

else
Py_DECREF (cbresult) ;

/¢ SFE 1Y gEE LAY 2/
PyErr_Restore (err_type, err_value, err_traceback);

Py_DECREF (self->my_callback);

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

0 Ix
St A oA kA FHA —:—53375‘ A= ZYGoll= Algto] Asy T WA, ﬁéol M A A S
A QA3 (tp_traverse W/EEtp_clearS AR A]), tp_dealloco] TEE uf] AX 9 dF A7}
AHFAAY o] deto] =2 & 4 JFUTh SR, tp_deallocoll A, AA &= &< é"ﬂ”ﬂ{‘)ﬂ AsF T
Z 3AF7H0d YT (A9 Aol A ep2 o)) AbASHA] 942 AA U APIE S E31W tp_deallocs THA|
Zo7 Slol, ol A} FEol BT+ YU
o] 348 B =, tp_deallocol] B3t glold g A|o] A ZEE YA W1, YA M| ZE L tp_finalize
3 WA= E AHE B o] EEVT
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(print ) FFE A strO & %

reprfunc tp_repr;
reprfunc tp_str;

i
(i
o
[»
rm
[»
Lo,
=]
(e
o
el
d
ok
rlr
rd
)
e
i~
20
et
[-'II.
e
:O.l_a
_‘9‘_’
1o
AW
kv
v}
o
rlo
)
oy
o

tp_repr A8 7= &

o Yy

static PyObject *
newdatatype_repr (newdatatypeobject *obj)

{

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

}

tp_repr A 2| 7|7} A ZH A ko, AE Z 2| Bl= F 9 tp_name F} AR 9] IfF AE FE AHEotE £
= Alsgyrch

tp_str A2 7]+ str() o thgk A o]z, Yol A A8t tp_repr A 8] 7] 9} repr () 7He] HA 9} 22 A
QUITE Z, sholHl T ARle] A2E Aol A ser () & i%@ﬂ SEgUth +HL tp_repr 49}
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e §ASA T, AT EAAL Aol A7) 93 AU tp_strS AREA FOH, tp_repr
A2l 717k o)Al AL E U T
o 7t o Ay ok

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

2.3.3 O{ER|EE 22|

EZHEE AAT F dv BE AAo s, sl 3 B2 o] E | FE7F 235 = (resolved) 1 = Al of
Sh B2 AT oL FUITH o S RES A 5 Y& B2 (A7h A H o] YThE), ol el HES
AR T E O 4 (O 22 RE A4l 3 §H )7} Jolok G Th o EHE A AL SET A5 ol
], A2 710l A= A ghol nurn U]

ol N F 4 ol ERRHE A7 & AQPUThH A ERFEE A A= F2 Y Fewt st
HuUth xo]AL 3 AL AJEFHE o]|EE char*E H 51, tFE #L pyobject* S HolEQTH=
AU 71 9 Tde Bolol O ATE A4S AET 4 AL

getattrfunc tp_getattr; /* char * 93T */

setattrfunc tp_setattr;

/* ... */

getattrofunc tp_getattro; /* PyObject * ST */

setattrofunc tp_setattro;

A3 o) o =2 Bl A2 o] FAk hEHE Advolw (RA AW E AU, o= HE He)
F42] pyobiects WAL AT eE o AT 5 gl ANA Tl YUt shol W 223 F
SJEHE Ae)7)o) tle A BaAL Ao] LA AFHA L, AL A5 AR duAEE
AgehE = AA A e o) A7k wol AUt

. ByType Ready() 7} £ W) o EPHEL o] S Folof Fuith
2 oEPRES 2 2 1SS SUG AL BRtA GO S WO R NS
844 ghobe | Utk
o) 52 ol mefE g e A AW EE B dlolE AR £ PRl AV FA ol
R34 A 2.

PyType_Ready () 7t &&F w, @ AA| 7} F2h= 3719 H o] &2 AH&ste] 3 AR YA 2ol u x| =]
EU2adHE UEULh 23 g E Ao AR o] E R E tf st A AE Ao T Th
Zejol B2 ARSI ek Al A REsbwonio]d, B9 QAT AL Wol 2 Fol X A4 ol Ee HET
ZXA E W, tp_getattro® tp_setattro BEE NULLE WA Fo]ofH|o]| AT o] JEFHEE AT 4

ek
Hlol B2 @ Ao A A=z Adgych

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

rlo
O

S
=4

tp_methods 7} NULL©] o}, PyMethodDef 24| 9] v @& =3l of Futh H o] &9 7} &5

FzA 2] dAEAYYTH
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typedef struct PyMethodDef ({

const char *ml_name; /* HME Oy */
PyCFunction ml_meth; VA B i S
int ml_flags; /* BRI +/
const char *ml _doc; /* EAER] x/

} PyMethodDef;

Gl M As= = 2 vl M Edl sl shibe] = A ofsl of gyt wl o] 6301]*1 SH A== T
Eo] F Q317 ¢kFUTh vpA gof| gute] 7 o] QT s d e 2 UrEM%L Al €] (sentinel)
gquwanmeéEEWM1ﬂ¢§HW

T A HolE2 Qo' AFH dojgol 2 mjgE = oERREE Bt ©l AHEFE Yh
B‘r"hﬁ} 712 Cyol APE Y, AM e 7] Aol AY g1 271Y 4 5 Uth H ol 89 F2A+
th2-3 2ol Ao g Utk

typedef struct PyMemberDef {
const char *name;

int type;
int offset;
int flags;

const char *doc;
} PyMemberDef;

gol &9 2 &5 lﬂl'BH |27 FAS L GOl Tk o] dada A NA P& FE2T 5
A B U type BEL py_T_TT U py_T novsreg) 28 8 TE 8 E s of gk Ol e Shol A
A Cgh gbell W2k W= A7 3k vl AHEH U Th flags WE= o E R E] A Adks S
Alolste Se 1E A &she dl AHSH Ut ©l& py_reEapoNLY & A8 sho] W =7} o] & A A 5HA
Zote R WAL dFUTh

~H
= iz
= 3=

tp_members | o] &5 AH§dto] A A 7ol AHEEH = HAIHEE #5381 A0 2 o] H L o
WO AojH BE oERET U] HolEo| AES AlFoes A og A %%ﬁi%%ﬂé
2 9tk A QY rth %% Z 2 332 Y5 g Ab(introspection) APIE AF&-31o] S|~ AA| A AT Y
B8 AN, 2R doe_ o HES AR ZAEYS A2 4+ YL

tp_methods B o] B3} v} 2 7FA 2, m1_name Ffo] NULL S Al E]d &2 o] F Q s}

U o|ERE 2g|

Z7+e3] 3h7] A4, char* A gk o 7)o A o A]E Y T} name v 7] W9 3 o] QAE]H o] A2 char* 2}
PyObject* WA 7He] {43t % ‘} W%MD}. o] OﬂxﬂL o HE Oﬂxﬂﬁ‘r gyHoz 2 AL Y3}
A gk, ghol A 2.20 71 HE A D2 AHSHA F Ut XJBVI Sl EFH = A S AYEeg,
715 &4 oHOl:?fPDHﬂ,Pr&*E HO]E?‘Z] ol g = & AUth

tp_getattr A8 7]& AA AEGRE 237 o) TEFYUth FW2Y __getattr_ () WA

E7t3EE s AF 22 4N 2EH U
o+ thg 3 2auth

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

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

(TH5 sl el Aol Al<)
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(o] A | o] A oA A A %)
return NULL;

tp_setattr B 7= Z 2 AA2HAY _ setattr_ () °JY__delattr_ () HIAEZISESE 0] $=
Utk olE R —E—éxﬂa of 5t ¥, Al M w7} W= nunno]l HUth b @5 o9 & LAY
A 71E Al guUth; o] A o] AR ofejFdo] Yot AR eHd, tp_setattr A 2] 7] &= NULLE A H o] of
).
static int
newdatatype_setattr (newdatatypeobject *obj, char *name, PyObject *v)
{

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

return -1;
I3
2.3.4 ZHA| H|D
[richcmpfunc tp_richcompare; ]
tp_richcompare A 2] 7] vl 7t 2o o TEH Utk O &2 TR v A= sl

fﬂtﬂ,PyObject_RichCompare()9}PyObject_RlchCompareBool()OﬂEqﬁﬂﬁi =" Y

o] = 7 7N stol M A ef ALMAE AAE ARGste] T EH YT of 714 4FA}= py_EQ, Py_NE,
Py_LE, Py_GE, Py_LT .+ Py_GT % St UTh A A H AAAE F A& v st v 2o /\45—‘6}\11
Py_TruelY Py Falsed, W7} FHH A gFon ohE AA 9 v Wi E=S A sk dtte AS
e 2] 1 Py_NotImplemented &, 2] 7} A A = W nuLL & WFEHS) of T Th

B ElE g 277 pod 2rpn 2R HolE Hol T AlE FHLS The T 2Tk

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

PyObject *result;

int ¢, sizel, size2;

|n
-

/* 5 AXTF L% newdatatype Y AF FATe 2
U A= B W

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

switch (op) {

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

result = ¢ ? Py_True : Py_False;
Py_INCREF (result) ;
return result;
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% 9%y Th)

PyNumberMethods *tp_as_number;

PySequenceMethods *tp_as_sequence;

PyMappingMethods *tp_as_mapping;

@a%gﬁﬂﬂgﬁ}M%Amhmwﬂﬂﬂﬂaﬁ%ﬂEgﬁﬁﬂ , C¥ pPyNumberMethods
=ag WA o 72

PySequenceMethods = PyMappingMethods & 27} L3 5t= XA F4E
AT AL oz A AL ool AUk sold 42 B L] objects T F el A o] 5
d7e) Ahg B 2+ YEIT

[hashfunc tp_hash;

e EEE: of Th e 31 4] 52212 Wheahof FuTh,

o] AlFsl7| 2 B THE,
kgt o J Ut

static Py_hash_t
newdatatype_hash (newdatatypeobject *obj)
{

°|

Py_hash_t result;

result = obj->some_size + 32767 * obj->some_number;
if (result == -1)
result = -2;
return result;
}
Py_hash_ti= EUF whet WSk N9 85 9t A4 BAUT cp_nasnol A 12 WS o2} 2
FAIBN A, f19F Zo] s A] Al kel A3 3& w) WhEkehA] ke = 9 5] oF Pt
[ternaryfunc tp_call;
ol FredolHPY AxHAT S EH uf TSP YT Al E E0], objro] Hlo]EF 9 QAR 0] T
ol AT FHE] objl ('hello') 7} 2T o] QoW tp_call X 7|7t T&H Uth
o] g4t Al el AAE F T Th
L. self= =9 tigd diolg P Y A2HAYUTH TZE0] objl(*hello') O W, self+= objl YU TH
2. args’s T2 TS A RS FEQUTH pyarg_parseTuple () & AL SHe] AXE 22
& 9%
3. kwds= AEE 719 = A 9| gyt o] A o] nurLo] okl 7] Y= AAE A A5

PyArg_ParseTupleAndKeywords () B AH&3l] QIZFE FE3AAI L. 719 E JAAE A AoHA] &
a1 o] Aol nurLe] obY W, 7] Y E A 7F A AE A 9F=Ths WA A 2} 8] TypeError & T A 7
AL

d

ohe} 2k

Ztp_call 7EL

static PyObject *

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

(TH5 sl el Aol A)

0i2{ 7IX| F=H|
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PyObject *result;
const char *argl;
const char *arg2;
const char *arg3;

if (!PyArg ParseTuple(args, "sss:call", &argl, &arg2, &arg3)) {
return NULL;

}

result = PyUnicode_FromFormat (
"Returning —- value: [%d] argl: [%s] arg2: [%s] arg3: [%s]\n",

obj->obj_UnderlyingDatatypePtr->size,

argl, arg2, arg3);

return result;

(o] sl o] A ol A AI)

/% CIEI RIS +/
getiterfunc tp_iter;
iternextfunc tp_iternext;

A

o

Utk o &7k w A s,

=

Z2EZ AU A
Fx2 0BG

gl

__iter_ () WA

A

=2 S ELN

2=
o - _
= ZAzE W3

2z 2 upsh

Hl-2 2

71 olef @l ol B ol et M 2
(AT ofl o & A

FUrh £ A7) BE A2 st w)

of S| F3}1l, tp_iternext+= TFo| A

Al ol Bl e ol B] A A& wh&sl oF 3t tp_

o] & AA s NULL S

iter H 278 TAM o} FU T THEL

)9/] 73]—?—, tp_iter% =%

O

149 RAgow Qs AME AxE

YUt} - kA tp_iternext A 7] &

olE]#| o] B AA| = tp_iter@tp_iternext S EF F A3 oF FUth o]E| o] E1 9 tp_iter X E
S| oF U T} tp_iternext A8 7]= o] E @ o] A9 th2 A X
s of Utk o]g gl o] o] Eo]l =W, tp_iternext = €& 273

SFA] 931 NULLE WHESHA U, NULLS W SHE Ao 3] stopIterationS AR T 4 AHFUTH A&

s 5Hel %5 0] Ok B8 5 A% U Th A4 b WS, p irernexs

NULL-S RFEFs) ofF gt

L.

.

T el E AA s,

2.3.6 oFst &= X|H
slolp o] okt I FHO Bx F It Aol S8 A (R 2P ol gt FeE LAY 7| A]
RE o] g IR wAYZ FATL  JEF o= AYUTh

e t] 17

weakref B Eof )3k A A.

= S
¥zxd 5

27 7} ke

o, &3 o] tp_flags X9 Py TPFLAGS_MANAGED_WEAKREF H|E &

A7gsl oF Futh B AA| tp_weaklistoffset =+ 020 & F A5 of of Fhth

TAAcR, AR AAR B AA L oA AUtk

static PyTypeObject TrivialType {

PyVarObject_ _HEAD_INIT (NULL,

0)
/% ... TAYE AT PR e

:I-L_'

=

s ¥

(TH5 sl el Aol A)
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(o1 sl o1 A o A A<)
.tp_flags = Py TPFLAGS_MANAGED_WEAKREF | ...,

N
-~

static void

Trivial dealloc(TrivialObject *self)

{
JERE TEST YA VA OFT FEE NFHT A/
PyObject_ClearWeakRefs ((PyObject *) self);
VA e B = I = e et el B e B S 72
Py_TYPE (self)->tp_free ((PyObject *) self);

2.3.7 FI} H[¢t

Al dlolE ol &4 o ) A= CP)lhon 2N FEE A A L. Objects T

AEZE 0|53 TS, C 422 oA tp_o Yo+ 7|52 B A (9 S £9], tp_richcompare) <
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o d
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if (!PyObject_TypeCheck (some_object, &MyType)) {
PyErr_SetString (PyExc_TypeError, "arg #1 not a mything");
return NULL;

o 27|
CPython 22 YA E t} 234 A L.
https://www.python.org/downloads/source/

GitHub 2] CPython = 2 A € CPython £~ FE 7} 7hs = 3L,
https://github.com/python/cpython

2.4 C2} C++ =2 HIE G} 7|

CPython®] C &2 273} & WHEHWE FF eol By Ut (& 91, el 52+€ .so, dEF &
.pyd).

AEXE T Qo d, FF o] B ] 7 pyTHONPATHOY QlofokdlH, BE o5& whet A H s &3
Eo A o] F A ojoF

d9, 24 4
1], seruptooh & AL 0, S & 59) o) Eol A0 § 5o
o3 22 AEe 2k

PyObject *PyInit_modulename (void)

%1-78 3] 27]8}H EE ol PyModuleDef AAEHAE BHEE Y o) Z}A 3 Ul 82 initializing-modules &
BEIYAL

For modules with ASCII-only names, the function must be named PyInit_<name>, with <name> replaced by the
name of the module. When using multi-phase-initialization, non-ASCII module names are allowed. In this case, the
initialization function name is PyInitU_<name>, with <name> encoded using Python’ s punycode encoding with
hyphens replaced by underscores. In Python:

2.4. C2} C++ EZH HIES}7| 57
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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

o 2713 448 4o stel U T4 ol Heieo] A ol RES il 5 AF U Teju), o] 5L
Q= stelw A2 JI SR Y QEHE A oF Gtk /A0 2 31 o] Fofl H G
Faat B A5 7 WY Lok A -2 PEP 4892 <3k ehol Hefglo] of o] B E” Ag B2 I L.

2.4.1 setuptoolsE C2} C++ =2t HIE517|

Python 3.12 and newer no longer come with distutils. Please refer to the setuptools documentation at https:
//setuptools.readthedocs.io/en/latest/setuptools.html to learn more about how build and distribute C/C++ extensions
with setuptools.

2.5 F=20|M C2} C++ &2 HIES17]

=
o] Zol A= Microsoft Visual C++& AF-&-3}o] 3}o] A

N A S EES vtes WS e AY

star, o] e R5 9o AHF Aol thel Mok ApA| g vl B A EE Al F U A AE = stol A S

MR ML s AR ZE v} A% AES BRI JE AR WE B Qe 4
Ef o] Alzte] Aol Qe s e BFoA f&dth

EE AAE &3 EES DEste o] Ao A A she 2 thAl distutils = A4S AHE- Sk 2l o] £

SUth stol S W et AHEH C AL 7 oA 8] BaFUTh Ei Mlcrosoft Visual C++ ¢ Ut}

0 ix

o o) N Q7Y E vho] A g Ttk ol 5l o &
2 el WA MEE BAE = v of 2Rl 2]
Sho0 1 251 L mimory 1 8 15 915k A Sol, ol 82212 A 348, 1r'e SAZE 200}
ISl

251 QE|M MY

FU2 A A, Aol H S LEE YEFE F 71 B2 0) A th: setuptools A7 E
o

= O

g= =
Abgete]l e 22 AE Aot AY 522 2 th setuptools T H - EH—‘?Q gl A
ﬁ,’%@'qr/} setuptools & A&t 4 RES W6t o 7] A sk W ol tish A& vetupt()()lsi

CST Cor 54 0 517 AR UTh $5 0% 39S 49l Y, winound T2 2ol e ) 259
zeAE 31de A7 s Aol =gel D Aok

252 AR A =2| XI0|H

FH2G AR FEY APAIZF 2o A8 o2 AL S AU FHer 2= d 5
Ut BES LESH I A 2517] Aofl, A28/ 25 A S ot glojoF

fra oA, T LEAE (1s0) YL Z2 IHANA ARG T FES Z 2 I X S A0 7 o4&
ot ol ol g5 2L 3ol 22 o] AT uf, 5o F=o A= Fo) vl o] E
REZzIM e d o e 7t ml e o] o)A He 22 I A9 AA A& 77 =5 MAFE Ut
oL V&AL R HA AFdUTh

A= oA, 54 a2 E‘rol—‘iﬂiﬂ (.d11) st ol = v d-d (dangling) =7} 5 U th thAl, it o]
Elof] th 3 A A A= FZ H| o] £ (lookup table) & 53 O]TOJ AUtk w}a}/q DLL Frrmzdo WR
2] 5 FRIEF A Aol -2 L7} ﬂ’“‘%"/‘r 4], =+ o]u] DLLS] Fx H o] &5 AH&-5tL
AL, AP A 7kol] Fx H o] Bo] Tt HlolHE 7t 7| =5 A H YT
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Yo, A F38 9 2ol B g JJr°‘( a) BHoled, o8 L BAE 51 (L0)9 =V E2TH YT
FH2HAE 3 (Ls0) S WEV] A I GANA, HAE AR A AANE L S 922
DA ¢ dFUth AL 2ol B SHAE g doA IAES 5tk A, 1 HAE
sdo RE F=E 2383

Qs F 7HA 39 gholBE g, A4 gholHy g9l A2 E gol B 7} dFUTH(E tf .1ib
g FYoh. A golEd g Y2 a4y 25 yth 228w 238E F=7 S0 dFUTh
JzE golRygE 7|BH oz 5 4 dxr §HH o] DLLe| 29 uff =2 734 2A)3HA "t
T HAE AT 7] AT AR YT mElA A= 2 E gholHE el JHE AR DLL
of 2= A ¢re AEAE AMS S R HolES AT UL $8§& T2 T3]} DLLe] 3 uf,
A2 E grolBHF 7l HHEo]d = JdH Utk o] AL 3§ =2 TW o]} DLLY] A ES AFE-31, 0] F 9
R E DLLOJ| AFg-3f oF gt

2 3= EEAS TRk E, F719 54 22 REB}ICE UEdtiy 7P th Y 2oA s,
B.so%} c.sool tha) %‘HEA.aE AD3sR] o Uth A2shd B Crl 22k RFAl o] EALR S 717 | o]
T 235 Ut Aol E A d11E AEFH A 1ibE BEFH YT o2 EL2 B Col ti 3
AR 2. 1ipE AL FYTh A libE TEE 23R dFUTH A8 A[7kof] A9 T = of AN Adh=
g AFSE R 283

Q= folA, AZE o]l B g & AFE3lE 22 import spamS AFE3HE A3 vt o] A2 ~
Heo] o] 5ol AN AT = JEF AT FE o BEARS tEA] &= g5 Uth fFY a0 A, ol B g g}
g3 212 from spam import *2} T H|RFUTH EE BEAMLS vhEUTh

2.5.3 DLLZ &/X|2 AlZ25}7]

Y= 3o W2 Microsoft Visual C++ =2 LEF 5 U th8 A4 & AR sle A2 s84T £
A TFA = T2 AF U o Ade] v x| F2-2 MSVC++ol| 7 3 g gk o

AE ¢ Oﬂ/\i DLLS % W, pythonxy.1ibE B A ol A2s) oF ot = 7§ 8] DLL, spam 37} (spam i )=
C&+E AH8ste)nis UEstel |, v ‘ﬂ‘“—éé/\} g5 A5k

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

AR HEe A N L WHEYS YT spam.obi, spam.dll ¥ spam.lib. Spam.d11-2 3}o]#
&4~ (718 pyArg_ParseTuple ()) S Z 3R] YA 9 pythonxy.lib G850 dlo]H T EE 2= v}y S
g stk

2 ) S i d11 (12T 0032 .110) S BE LU T spam} shol W A Tl A W2 B 4
£ 25 PE % Yu

REAEAE ZFR HINEE WEWAE d5UTE U2 EE @ o x3)o] AEARE &
o _

;}74] 6']'34 Eﬂ, void _declspec(dllexport) initspam(void) \/]— PyObject _declspec (dllexport)
*NiGetSpamData (void) i} Ed _declspec (dllexport) \:’/]—57__ /‘\j_?jﬁﬂ °]= @'1/] D]—

Developer Studio = 414 2 B 23] 92 B QIEE ol nelel & B4 Yol A A4l 5ol oF 100K S
2T ol A5 A AT, L2 A A 3k AAE 5 ignore default libraries S A AN &
212 nsvertxx. 1ib S 2ol BB 8] BE o 271510 Al L.
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s she g ol B9 AR A5 Th T U E Abs B Th St A2 A A CICH S8 2R IR
FRG BE 5 AU AL C U Crrlold S|z 98 220 QR 7|58 Fashe
58288 zeadel AFFULE ol A2 ol A0z 48D + AFUTH & 714 ot A8A7}
sojHos ~aYEE FAste] S8 T2 RS B o] WA 2AT 45 A o AAUTh AR )5S
soldow 445717 Achd 44 A48T S5 At
ol e ) AsHe AL ol Mg SAsle AT FATULT, o} % 2A £ 5T o) 0L, Fol i
49 S8 2200 2 e 1AL o A5 To A AE =2 E QU whee] oA e o e T =
=2 332 vho] A} ob ¥ Bl o] gl uith— thAl S8 Z2 I ARe| A 15 sho] TEE ARG}
99l Tol W AE =2l H & TE T,
A ghol Mg UgetthE, of g2 Al Wl 2 73S A5 3 A B U Th o] Wl =17 o] of
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PyRun_SimpleFile ()
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c-api-index
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S 4 A3 o] 28 A AU o] AR o] 2k
g2 glol shold ~aYES AYH] A7 AGUTh o AL o2

#define PY_SSIZE_T CLEAN
#include <Python.h>

int

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

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

/o AFAFCNFNT ATFF A
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 (&configqg);

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 (&confiqg);
Py_ExitStatusException (status);

0 Iz

#define PY_SSIZE_T_CLEAN was used to indicate that Py_ssize_t should be used in some APIs instead
of int. Itis not necessary since Python 3.13, but we keep it here for backward compatibility. See arg-parsing-
string-and-buffers for a description of this macro.

PyConfig.program_name A7 Jtold AErg) gojH 2o thd A2 E Aez oA &2
A3 Py_InitializeFromConfig() BT} WA T &5 o] of ghrh 1:]— o, gol JHZ 2=
Py_Initialize () 2 27|35 31, A8} A 72 A8l 3t 9 sfo| W AT HETH AFFH Y
2™ B, Py_FinalizeEx () 2&°| JHZHE FEI 22300 Stk AA 2237 =
vpol W AT HES D}E a2 (ot g2E A9R7] F6, 9 E o] HHo] L) oA A E 5 AF Y]
th stdo A sto]lH TEE A= Zﬂ—PyRun simpleFile () &48 AHS3tW o 28 4 &=, W2 g
e St L U §E EESE MAZS S 2ojFUTh
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3.1.2 02 n£FE LIES G0{M: 71
L5 AFo) At $§ m2 IRl Qo9 shol A TES AP S Ut 5HS ATHAT H 4D
HolE e BBsE o) B AAFH U 289D ARTA A4 2] 522 AeloF g o B
CHEE AgshoF st thal, A9 BE A2 24T 4+ Y%t
shol M€ Sk AT o] WS WAE AL THE ) mol % B8 I S22 FFoleke Ao
RS0k Tk o)A Aol A ol H hRE FA L ol A3 FAFUTE o A& B, so] Ao 4] C
29 S E7 A B Ae AR L

I wle] el gt shol ol A4 C= W#Hsl,

2. T g2 A CRUOR P4 5ES 2R,
3. 25%00A QL doHRE ColA
A8 AT, AeAolx 2=t

o
HATHA] 9, g o] Hﬂs_ﬂ AL Ao} Ao thE B FE 83171 A6l
AolgL FHlolH W& o ZEste FUPUL AT = CREE DT
FEHEZESEYS

o ol A= stol Mol A C2 o o] B & MBS P 1 v o o] B WS Pol e A
A ghLeh w3, B2 2uHE AHS) o HE bR A2 0|35t drku A Fch o 3
202 JHZHE P AT hEA FOBR o4 PN B2 JLE F2T 5 A5 U

o
A Z2ade sto) ) A EY gt B4E AWt AL 2R FUT S 2529 AH
o] ol T Qo] o], ol B e Bl ol Ze Ao A AW AT AEFA AT (AW

sfol s 22 =N Ao A F4E AWe et LT 2ay ok

#define PY_SSIZE_T CLEAN
#include <Python.h>

int

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

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

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

}

Py_Initialize();
pName = PyUnicode_DecodeFSDefault (argv[1l]);
/* pName®] <% AT SFHAS -5 +/

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

if (pModule != NULL) {
(T2 sl o] Aol Al%)

3.41. C} 63

ru
olo
oo
5]
Hu
W]
o
2
Eﬂ
=
3
=
0
ol
<




Extending and Embedding Python, Z2|A 3.13.7

(o] sl o] A ol A AI)

pFunc = PyObject_GetAttrString(pModule, argv[2]);
/* pFunct ME S FE Q= */

if (pFunc && PyCallable_Check (pFunc)) {
pArgs = PyTuple_New(argc - 3);
for (i = 0; 1 < argc - 3; ++i) A
pValue = Pylong_FromLong (atoi (argv[i + 31));
if (!pvalue) {
Py_DECREF (pArgs) ;
Py_DECREF (pModule) ;
fprintf (stderr, "Cannot convert argument\n")
return 1;
}
/* AN pvalue FEE FEH SIS A/
PyTuple_SetItem(pArgs, i, pValue);
}
pValue = PyObject_CallObject (pFunc, pArgs);
Py_DECREF (pArgs) ;
if (pvalue != NULL) {

printf ("Result of call: %1d\n", PyLong_AsLong (pValue));

Py_DECREF (pValue) ;

}

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

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

return 0;

o] E & argvil] B AHG o]l ol W ATYES RESI, argvi2) A 33D
45 QAL vy MRS 8 GEQUT o 22 18E 2519500 D151 (29
2192

o2kl BFAICH, The T 22 sfol M 22 ES Asehe o A&tk

FE 3ITETYY
A3 3d-E call

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

c =20

(TH5 sl el Aol A)
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(e]A sl o] A ol A A<
for i in range (0, a):
c=c¢c+b
return c

Tew Aok e Zotek Pt

$ call multiply multiply 3 2

Will compute 3 times 2
Result of call: 6

J

m2 o) 7% R} 4Ee 2 WolAu, o) R TEE Ho]iTC Abol 9| Hl ol AR} o2 R E
A% AQUT shol W Y43 A Fvjze REL LAY AT

Py_Initialize();

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

A Z2HE 27|83 &, AT HE £ PyImport_Import () & /\]-—501‘6]—0% T Yth o] 28L& 9
JJro] W BE2GE 3=, PyUnicode_DecodeFSDefault () B o] B H3H ‘ﬂ% A3l A H YT

pFunc = PyObject_GetAttrString(pModule, argv[2]);
/* pFuncte MM&E g TFE Y- +/

if (pFunc && PyCallable Check (pFunc)) {

I3
Py_XDECREF (pFunc) ;

dt AgEVREE Y, 287 27 9= 0] 9] pyobject_GetAttrString () & A&3lo] AA
th. o] g o] A8, vk A7t = o|¥, 17 o] et b SHA 7 .
T Z2 382 QA RES It o g F4dste] JPdnth 29 2 sfo| W T+ 5

ol FgA o] FolHUth:

[pValue = PyObject_CallObject (pFunc, pArgs);

o e rfr

47} NEEHE B, pualuet NULLO] A LE §4 0 W ol Bl G A TRRUT QL ARG T FRE

S AlsH oF U -

A F7HA W7 vtol 1+ ol Z Al o] kA 9] 7

T A ZgHE FFFoEZHN o2 F&FJ T 5,

AFste FEo g FFFH Utk B A, 18
Z}

"

A v .
Shol4l QUE| 2262 AARTHE A% Ao, BHA, $8 22 1AL AN FE 9Fos
| A e ¢ ole=s Ad I=8

o
o, I ol F32 Pk AR shol dol A ol g 28l
w:

static int numargs=0;

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

(= sl ol Al ol A1)

3.1. CI2 28 T2 10| T4 L&Y 65
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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 = 0,
.m_methods = emb_module_methods,

bi

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

—~

by

(o] sl o] A ol A AI)

J

Mo o

3 DA A 2

9] FEE main() g vFE Yol AABFAAA| L. =B py_Initialize() o T

T= Aol th

=
nn

numargs = argc;
PyImport_ AppendInittab ("emb", &PyInit_emb);

o] F+ =L numargs WS 27|35}, emb . numargs () &S WAH o)A 2 |7} A 4
TS TEUTE ol $gL Fol, ol W 2AREL e e 4L 9T 5 YTt
import emb
print ("Number of arguments", emb.numargs())
AR & Z2 A, o] HH2 & Z2 I APIE o] o = ZFch
3.1.5 C++Z IlO|M LHES}7|
o) Cor S22 WA B A AT e o] Ao] ol £ AL 488 O A 20
A% Aol el 1gvth QUACE Cre® v me 19 A4, Crr F9HD e S A 5]
B0 A S, Cor E S o] Ao 6 AN A A8 B 8L A e o
3.1.6 QLA AE AAHOIN HuiLnl 35|
gtol M Az HE 5§ Z2 1o W7gst7] 9 5h %‘ﬁr%‘ﬁ(i}aﬂ)‘)ﬂ R Rl % ;%% 2ol =
AetA = s Utk 58], 53] ol o] Aol Al A" CFA B (.so 91Y) d ghoj =Y
o RES =oslok 3y W2yt
2o Autdeie HA SIS oy, 2] 242 dF 82 A HE pythonX. y-config 2IAHEE
AP 5 A5 YT (python3-config 2T HEE ARG 7} & YFUh. o] 23 HE & o 54
ol gov, ther 2L A5 deue 44§82 Ak
s pythonX.Y-config --cflags+ FA3Y S wd] A% FH1E AT ch

$ /opt/bin/python3.11-config —-cflags

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

—g —fwrapv -03 -Wall

e pythonX.Y-config —-ldflags —-—embedt B3I T u]e] A Z 2 E AT th
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$ /opt/bin/python3.11-config --1ldflags —--embed
-L/opt/lib/python3.11/config-3.11-x86_64-linux—-gnu -L/opt/lib -lpython3.11 -

—lpthread -1dl -lutil -1m

0 Iz
ol sho] W A 7ke} (53] Al2R] sho] A3} ol o] AH AstA e sho] A o)) ELL T3,
29] o8} Z+o] pythonX. y-config?] AU A2 & AL&3}= A o] EHF UL

2] ¢k

=

O AR A S Ao AFEHA QLY (R E FULAD A D50 Sl w A
e At e g o), 4 el Al el A A 61 Ak} ool

<4 MakeflleJ+(:l«T]X]§ éiﬁlﬁ1nisysconflg get_makefile_filename () &
AE AAH O FUTE oW, syscontig BES of el o] AT 74 A ZeadY Ao

2obe vl 89 =T AU ol Sof:

>>> import sysconfig

>>> sysconfig.get_config var ('LIBS"')
—lpthread -1dl1 -lutil’

>>> sysconfig.get_config_var ('LINKFORSHARED')

'-Xlinker -export-dynamic'

3.1. CIE 88 T2 %ol mlo|M LHZESI7|

i



Extending and Embedding Python, Z2|A 3.13.7

68 Chapter3. 2 88 T21

2H
=]

0ll CPython ZHE}

ol
=

2 LHESH|



APPENDIX A

0[0
<
bl

>>>
thely Aol 7] stold g2 E. IHZ oA el o g AdPd 5 9l FE oA a5
25 gy
e 2 AES A 5 sy
e S27] 9 FE B5Y FEE YT o, S o) F = A (FIE, HWES, TEI) Gl
=2 ASg W, Heold A4 Fo the1d A /R oW LEmE
o The three dots form of the Ellipsis object.
abstract base class (34} ¥ o] A Z&j) *)
T Aol 3?41/\“ hasattr () Z-& & HIadEeo| 2AGAY n]HsHA &5 A (o & 591,
=] WA =) 3, AE V‘E oot S AT LEN | Elo]d S Haghrh ABCE

7HE A B :'EH_/_\g = YdstEd, SHaE 74]*—-‘5']'?(] Qr O M A& isinstance () 2} issubclass ()
o -/]:ﬂ ZAE F de= FH2EYUTh abc BE AHAE A L. sho] o= B2 YA ABC 9]

o} =9 o237} ?EL% AE0] A&5UTH A8 FF (collections.abec EEA]), A (numbers
%ﬂﬁhﬂ_ﬂf ﬂﬁ)m*Eﬁoﬁﬂiﬁ(mmﬁhbﬂwE%ﬂﬁ)wCLEE
B A TS ABCE TE S5 Slach

annotation (o] - €] o] A)
HFo w3 S E 2 AR EHE A, SR EYRE B S ui/ides U ts gy A4 9
o] &yt
LH o] M2 A3 Al AN AT ﬂx]“ﬂ', A9
T 25, 22, &4 annotations_ 54 oJEEF
Hote W ol . H o] A, §h4 o] ioH| o] A, PEP 484, PEP 5262 2314 8. o] k¥ o]
s = annotations-howto = ZF X 514 2.

n: 4
o mln
o=
\
S
ox.
g,
b=
&
Lo
2
b

FrEIET 0 T (B vAD) 2 ALGHE L T EFY AT s Uh
. 7|9 E 9] ]—(keywordargument) S 55w 2B 27F ol 22 A A (€ £, name=) =&
* 2 olo] 2ol dM g g % %}Q“ AL o & S0, b 22 complex () TE0l A 3 3}

5= 2% 719 = AR o)

complex (real=3, imag=5)
complex (**{'real': 3, 'imag': 5})
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o X QA} (positional argument): 7] Y E QA A}F7} ol d ¢l A} 9 X
‘/]'9—74‘/]' OlH & o ol » & E ALT 5 AFULE A&
B2E A AAG YT

A= e HiY 9 o] F &2
de HAS. Aoz, o
RIS s

|o]F o) 7 FE I FAQ FE Ak} w7l M 4= 2] 2po] 9} PEP 362% H A2

B 4oll Qg Uk o] thd ol A8+ 73Sl tha) A= calls
Aol Axbz AHE 5 dgUth TR kol A Ao

asynchronous context manager (H] 57] A2~ E #E) 2D
_aenter_ () & _aexit_ () MINEE ALY T O EH async with ZoA] Ho|= A3 Aofst

= A%, PEP 4928 E%}ﬂfﬂ’“\%u‘r

T

asynchronous generator (8] 7] A #] o] &)
Hls 7] Ald el ol E olE ol & ¥ FE & async def 2 HHE

<, async for X7} AT 5 Qe o

UL
2 F15 7] A 1S Y8 AL o8 gl = ¥ 7] A ol ol el ol e &

el g Utk o 2ot o7 BEsA e F9
P QiU

v 5 7] Al d o8 g4 await EE A asyne for 3} async with & 8¢S 4

¥
e
N
B
Ol:O r
2
>
>
[xul
l-Oll
n°l'
m[o
§E
v
£

asynchronous generator iterator (H]-% 7] A1 #] o] ¥] o] €] #| o] ¥])
An object created by an asynchronous generator function.
Ul __anext_ () & 2EW o olHE AAE EF L, o] A2 T yield

H]E 7] olH g ol ¢

FHA 74A vl F 7] A dolH §4¢ vt £ A3yt

Zhyielde QAR SR A& 56, (A RFSH 7] S uy-B5S TFoe) AP FHE
719Uk vlE 7] Al dlolE o]E ¥ o] 8 7} _anext__ () 7t EHFE E 3 oS oJEHER

AW, g oz B3}l PEP 4929} PEP 5255 H A S

asynchronous iterable (8] % 7] o]g] 2] &)
async for v‘f‘oﬂ/ﬂ }‘}%‘% ‘;\‘ 2}11—‘? Zﬂjﬂ_ __aiter_
St th PEP 492 2 =5 54t}
asynchronous iterator (H]£ 7] o] €] #] o] €])
_aiter_ () & _anext_ () MINEE FH3t= AA. _anext_ () = olSo|HE AAE =
5 oF Yt} async for+ StopAsyncIteration o] 7} 28 a ufj 71%] H]5 7] o] E] & o] E] g
anext__ () MIAEZF EHF = oflolHES FUTh PEP 4922 =5 5t

=

O WA E=EE Hl57] olEdolH & EHF ok

attribute (o] E 2] HE)
2 S o2 FxE = A} AT F dE E, AA o7t AEBFHEa

5 BN L AE o] B0 13l
£ 7HAH, 0a X" FRH U
It is possible to give an object an attribute whose name is not an identifier as defined by identifiers, for example

using setattr (), if the object allows it. Such an attribute will not be accessible using a dotted expression,

and would instead need to be retrieved with getattr ().
awaitable (o] $jjo|E] &)
await XA AFET = &= AA. TFE oY __await_ () WAZEE 7FA AA 712 5+ dFY

t} PEP 4928 R A Q.

BDFL
A 22 £ A1 = 2] A} (Benevolent Dictator For Life), < Guido van Rossum, 3} o] % 2] ZA] =}
.

binary file (B} ] )
el E A% AN E 9D % 4 e Y A weldel AU A2 el el B (e,

=)
'wh' = b)) 2 F Y Y’J—OE] sys.stdin.buffer, sys.stdout.buffer, io.BytesIO 9—]— gzip.
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str AAE 91 & % gl s AA ol G AL g Ak Y ® FREA L.

borrowed reference (] 2l %)
In Python’ s C API, a borrowed reference is a reference to an object, where the code using the object does not
own the reference. It becomes a dangling pointer if the object is destroyed. For example, a garbage collection
can remove the last strong reference to the object and so destroy it.

Calling Py_INCREF () on the borrowed reference is recommended to convert it to a strong reference in-place,
except when the object cannot be destroyed before the last usage of the borrowed reference. The Py_NewRef ()
function can be used to create a new strong reference.

bytes-like object (H}o] E G F A A))
2] Z % memoryview A X
EE 0|1 bytes, bytearray, array.array AA &S 2T UL} vlo]ELR{F AR &2 vlo]
ol E b2t oje] 7p Aol AEE 4 9% Uk 95, el
AE 2 Aol A5 Uk

A AAES vhol el HloEl 7t AN A Y Bk Ysich. ol @ Aol AR AL EE AT
27l vlolEG R AA gty AL 71 v 5 AA| 9 ol 2= bytearray & bytearray 2
memoryview 7} AFUTH ThE AAEL viely e HolH 7t 29 AA (“Y7] A& vlo]EERF
A AZHEF a7 FUh o] 259 o| 2= bytes®bytes AA| 9 memoryview 7} UF

e},

bytecode (H}o] E F &)
spol A A FEE=Ho|E I EZ Al E =4, CPython QI E| Z 2| Ejof| A Ifo] A =2 T3] Y7
EAYUTH vlo]E I =+ pyc It i Hof, 22 LS F HA AP T ujf ] WA A vhE
Utk (axo A vie]E ZERS AATNL S 3T 5 J5UT. o] “FZHAo]” &= ZHvlo]E =
H-&3t= 71AE A st M 71 A oA AdE o e YT vlolE I == A2 ThE shol A
7 AN ANA e A2 7 EA E, sho] 2l w2 Zhel AP F o] A & gth= Zlof] 9 5] oF
Fch
HlO|E T E 7 7o
callable (Z2] &)

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

il

o] HE2dis 28 WAl Y=y

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

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

callback (Z4)

Axtz ALY & vlehe] of = AF A A AH A P,
class (Z &8 2)

AR ) AN

A= ZYEs
class variable (22| & HS)

Ze2olA BYH I FH A FF (5, ZH2Y A2 A 7L oby B} o A vk A = = B
closure variable (£ 2 % ¥$)

A free variable referenced from a nested scope that is defined in an outer scope rather than being resolved at

runtime from the globals or builtin namespaces. May be explicitly defined with the nonlocal keyword to
allow write access, or implicitly defined if the variable is only being read.

i o
%
1%
T
kv

For example, in the inner function in the following code, both x and print are free variables, but only x is
a closure variable:

def outer():
x = 0
def inner():
nonlocal x
(Th= o] A ol A1)

7
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(e]A sl o] A ol A A<
X += 1
print (x)
return inner

Due to the codeobiject . co_freevars attribute (which, despite its name, only includes the names of closure
variables rather than listing all referenced free variables), the more general free variable term is sometimes used
even when the intended meaning is to refer specifically to closure variables.

complex number (& 24
ATT AL A LAY AYA, 2E KA} A4 G Fog DU, Ades
Ao F 4 T (-1 Zil*ﬁ%)%’ Fot AJ], TF A= 18, FANAE I E 7| Th
sfo] & ?—Z}ﬂ B/HS 2= EBaTE Utk sl 5 JujAE B 04/‘1 £713
& 50, 3+19. math REY BA5L W Ao 223 YH, cmath S AR UTH B A4 82 7
4% 5o 208 A duth Bastthn 1714 £ache, A9 #A8] TASE £

context (YA E)
This term has different meanings depending on where and how it is used. Some common meanings:

» The temporary state or environment established by a context manager via a with statement.

o The collection of keyvalue bindings associated with a particular contextvars.Context object and
accessed via ContextVar objects. Also see context variable.

e A contextvars.Context object. Also see current context.

context management protocol (AY|AE #2] 22 £ F)
The _enter () and __exit__ () methods called by the with statement. See PEP 343.

context manager (] A E #2]x})
AdAE Fe] 22 EZE FTASL with FollA Hol= &3S Alojsh= AA. PEP 3432 F=x3}
Al /\]_?_
1=}

context variable (A& A E HF)
A variable whose value depends on which context is the current context. Values are accessed via
contextvars.ContextVar objects. Context variables are primarily used to isolate state between concur-
rent asynchronous tasks.

contiguous (%)
B ¥ = A 35 C-Oi—"\—(C-COntiguous) o] ALt X E & A< (Fortran contiguous) ¥ W) A< o] ekal o] AR
Utk 939 Wt C-AgoluA £EY A% AUTh AR MAol A, FEEL Ao A,
0l A Al ZFsh= QEX}’“ a AP 0] AR Uﬂ 2] of] v x| = of of itk ThhY C-<A <5 vl Dol A,
MEe) 40 SAUE 5L T 0l v A€ A7 7bg we) Ao AW, EED
AL v Goll A=, A A A7) 7hgwke] Wy o)

coroutine (¥ 5€l)
FH2 /‘1EEH«] o dutstE Ptk AEFEL S A FA A AYstar o2 A F A
g3tk IFEL o8 o2 A H A AYstar, &3k, AN 5 A5k o] A E2 async
def 207 2T 4 95U Th PEP 4925 H A 8.

. . E 3 A
coroutine function (Z ¢l g4

25 d AANE BATE T

~—

= asyne def B0 2 AYH 4 93, await 2 async

=T pun —:-‘:'—'Er“—ﬂ =
for&async with 7| EE 233 4 9lG LTt o] A 5L PEP 492 of 93] =45 IS5

CPython
stol =27 Ao FH A A 3 A, python.orgoll Al Wi =8 Yt} o] &S Jython ©] L}
IronPython 3} 248 t}2 A S FH S & 2 7} IS uff &0 “CPython” °] A& Ut}

current context (3] AL A E)
The context (contextvars.Context object) that is currently used by ContextVar objects to access (get
or set) the values of context variables. Each thread has its own current context. Frameworks for executing
asynchronous tasks (see asyncio) associate each task with a context which becomes the current context
whenever the task starts or resumes execution.
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decorator (] Z ] ] €])
£ 952 BelFt B0, HE eurapper UL AET B4 WP AEF U o 2
o]E] 9] £3} 9|+= classmethod () & staticmethod ()

dselol e 2L v A P Y BYUTh the F @5 Aot gu g FE5FYh

def f (arqg):
f = staticmethod (£f)

@staticmethod
def f (arqg):

e Aol Fe 2ol ® EASAY, & A4F 2k Bz ol el e o AT &L B
o] o) Ho) o AYAE HE Huin

descriptor (t] A =23 E—])
HAE get_ () olY _set_ () °]Y__delete_ () E BYst= AA. FU X AEHFRET}
ﬂ*i%ﬁﬂmaﬁ 01 YHE 23] = 58 A4 A&S 4otk B, absE JAY 2A,
A A S AHE R o, o] FE —M‘%ﬁﬂ"ﬂ/ﬂ betil o5 X AAE F5 ULt sHA b7t
E]/\i%Ei yl Bt daa gy A= S Utk Ha E%E%E o3l k= 21 3ol Kl o
=1l 7‘3010114 g4, =, mA s, Z2 HE, FHA AL, AHE HAE, 3 SEs Fx

S0l g 750 /2 E o= 3 97 WY Uk
23 HE 9 WA =50l o & 2HA| & W82 descriptors U T 2 3 H B ARG bWl Al o] vy Tk

dictionary (5 A\ 2])
919]19] 7] Z gholl th-3 Al 7] = A& vl & (associative array). 7]= __hash__ () & __eq () HAEZ

2 2E AA7HD S Tk BolA S A2k R F g

dictionary comprehension (5] A1) 2] 7 = 2] 3l A)
olElE B 9t 24 AAY YRE Ay 2HE FLe gAY
results = {n: n ** 2 for n in range(10)}< Zkn * o] 3
£ A A3 o} comprehensions S ZZ 34 A L.

dictionary view (5 A1 2] )
dict.keys(),dict.values(),dict.items () WA E7} BT AANES U Y8 Helu &
JEF O AGS A2 FRE] U 54 $E AT, GAe 03w, el
ﬁ'%‘ﬂ%@'E}L ?:]141“/]- D]/qLﬂF/] %Zﬂx_ E]AEE H]'lriatq llst(dlctVJ.ew)%/\]-%—_]-
Ut} dict-views S E A &

docstring (52 E g)
S, T, BEAA A HA 2340 Z2 YE+= FAE g HE. 2 EVTAYE v = FAH
] gk, 74-4“’]?401] -4°H QX 5401 = i, ?:L—/F, BEEY __doc_ AEFFEE AYFIUth
1— A%

duck-typing (9 EFOI%‘)
212 Q3 o] A8 AR A Boshey
HA U ol E H%Eﬂ E%El A A&
L) 5% & Aol AE s o]~
o FALES 7H/\-]‘0‘]— a5y
Ut (SHA R 9§ BRolsg o] 4F
hasattr () AAPY EAFP Z 2 18"

_4

AR S] P WA = zgae 28 Y; A, B3

quOﬂﬂﬂﬂﬂﬁOﬂﬂ%@@@wa a2
AzrITqozn, FHAAE I = r,].‘o‘ﬂx—]o] x8-& 3=

E]—O] 32 type ( O]‘%lSlnstance() 2 AFL3 AALE

k= EEQP T A&l T8 oF Futh) Al

_|_L, ﬂllm kﬂ

]i =
& #uTh
dunder

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

= ’3}7] 7} 4 T} (Easier to ask for forgiveness than permission). ©] &3] B 4~ 9l+&= 3}
K<l

,ZHEE 7Y o EFRESY EAE 7HA 6L, T VMg o] £ W @lﬂ%é}%:ll’%-

|4
om AN E}g___]
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o] Z4E T W2 AEFY L WO 1y 9} except 2] 2A|ZE EA A} A UL} o] HlZYL C} L
T W2 ool A A= A}ﬁﬂ = LBYL 2~ 3} o n| g U ok

expression (%3 2])

od oz FHA e EHAd 27 T2 U2 193, 2342 2lHY, o] &, o ERHE
WA 2, A2} FHER L2 G EHFE A 245 Fol 28 AU g2 g2 dojg}
HzxHoz BREA FAHES A AL oldUrth whileAH, BHA 02 AFRT = Q=
T =] AUtk Y =5k FFolar, x4 o] op gt
extension module (8% 2 &)
CYUC++Z ZAA4HE BE A, Fto] M 2] CAPIE AMSSIA A4l o] AL 2 T =9t A4S 283yt
f-string (f-F2}9)
£ LR & Yo ¢ -\rx}"é PHEES &3] “f-TAE  olgt a2, 29 44 gHE
o

< zowmngu} PEP 498 & 24| 8.

file object (3} 7} A)

3}—‘?’— Ao e Y AR API(read () Ywrite () 2L HAEE)E =gy= A4, S0
gl oje, 5 A7 AA o2z M shelolu} the A% A FA B (o =

d"eﬂ A-ml 2] W, &7, sto| 2, F5) o thet AN~ E ﬁﬂ‘l# AL UL 9 A= 5t
5 AA (file-like objects) L: CE,BJ (streams) olgli= EY YTt
AAl 2= Al 72 9k A o] °‘A1/]D‘r g (raw) Hho| L] 2] 9}, ¥ 3 = (buffered) Hlo| L 2] ¥
A S 9] Aol o BEAIA 3R 5 AAE UE L 79 A Y Bue
open() TS 2= AYYTh

file-like object (3} 7 7 A)
< AA| o vl .

filesystem encoding and error handler (3} ) A~ ¥ Q17 9 3} ol &) 3] 8] 7))
Encoding and error handler used by Python to decode bytes from the operating system and encode Unicode to
the operating system.

The filesystem encoding must guarantee to successfully decode all bytes below 128. If the file system encoding
fails to provide this guarantee, API functions can raise UnicodeError.

The sys.getfilesystemencoding() and sys.getfilesystemencodeerrors () functions can be
used to get the filesystem encoding and error handler.

The filesystem encoding and error handler are configured at Python startup by the PyConfig_Read () func-
tion: see filesystem_encoding and filesystem_errors members of PyConfig.

2ALAIY T HA L.

n
of
u
o
_‘(;_L
ro
O
~N
30
ol
L
o

: sys.meta_path & 7 AL St= e HE 3 9 sys.
path_hooks 3} &7 A3t & A Ee] 3fQlr.

t] AFA gk Y] -8-2 finders-and-loaders 2} importlib& F2 3 A 2.

floor division (B4 U=A)

7V Wk A2 WE8EE 51 Ul A A A4kAlE // th 9 E B0, 284 11
// 48 327 AT ,a$b}%é%2.75§ =H&Yth (-11) // 47F-2.755 U E 3 -39]
HAL

g o] &2 5 of gHuT). PEP 238%

free threading (A}-7- 2 #|9)
A threading model where multiple threads can run Python bytecode simultaneously within the same interpreter.

This is in contrast to the global interpreter lock which allows only one thread to execute Python bytecode at a
time. See PEP 703.

free variable (2} HS)
Formally, as defined in the language execution model, a free variable is any variable used in a namespace
which is not a local variable in that namespace. See closure variable for an example. Pragmatically, due to the
name of the codeobject.co_freevars attribute, the term is also sometimes used as a synonym for closure
variable.
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function (g+4)

SEANA E 3 EE T U9 FFE. LAY T o] A 7FAEE 5 Y=, vy g
Aol AHLE 5 QU th v 7] 5 &} v A = 9} function A AT B A Q.

function annotation (g~ o] - & o] H)
Sh w7 U 93 gEe] of | o] A

Bioleolde quaes g an e 48000: A8 S o BEEF AL i A
Wol5d Ao 7| 31, FA o] int wHEk ZhS = 7 g Utk

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

&4 o i E| o] A 32 function F o A A gy}

o] 71%5& A3t W o mE o] 4 F PEP 4845 F2 A 2. =8 o] mE| o] Ao Tl 3 B AH =
annotations-howto S =2 3}A4 8.

I

future
A future statement, from _ future__ import <feature>, directs the compiler to compile the current
module using syntax or semantics that will become standard in a future release of Python. The _ future_
module documents the possible values of feature. By importing this module and evaluating its variables, you
can see when a new feature was first added to the language and when it will (or did) become the default:

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

garbage collection (7}8] X] 4~ #)
HA18E A e M2 S wdels A S0 e BE A4 24T BE <V AANL BL
S 9E £ AR £7712 Fol Al A £ AE SR AHA FA7)E 3

Aol d5Uh
generator (| & o] €])

AuiEele o) e ol & B FE B AN AFAY Rol i, A GEL V=
W4 EPVTHE Fo] thgUTh o] GES for-FZE ALGEHA Uhnexe ) B2 3 Aol St

Ad 5 95U

BE AV olE d48
ahi o] 7} WEHal ) ghe

ol A= Al ol €] o] el &l o]l 2 72l ATk o %

3]
LA |
T, AT FAE NN ZETS QU

o
o &
N
B

rﬂ

2

ol (&,
40

1=

generator iterator ()] o] €] o]&
A g ol B g7 == A A,
Zyielat AN o2 4P FRIL, (4

71k Ay gl ol Bl o] g & o] ] 71 A 7h
349} oju) g ] o).

generator expression (A2 o] €] £32])

—1

i
EEL
ko)
ne
>
|o
K
Iz
A
%
L
-
fol
)
_|r:L sl
Iy
>
KU
>,
_
ok

olHH o HE FEE T x4 F2 E‘i?% HAE Aot for A A=k 7H5ic Do FHo
B EdA AY B APF EAAL F B8 A FEL B WU
>>> sum(i*i for i in range (10)) # sum of squares 0, 1, 4, ... 81
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generic function (A 4] g g —’F)
2o Aare A =Z ot
Héf'ﬂ A %_L_Tli]éoﬂ -‘3] 3

4
AZ Y2 A %‘Cﬂ@ 8}E2 3} functools.singledispatch() Bl & o]E S} PEP 4435 H A Q.

rlm
m[n
-3

sl FAR o S FAE T 2w ojH TR AR EAE

generic type A=
o7 531

B2 e 9 A0 1er atersh 2 Aol FA4, 3 92 o]0
Aol A&k
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For more details, see generic alias types, PEP 483, PEP 484, PEP 585, and the typing module.

GIL
A dHzeH = S BAl8

global interpreter lock (A< ¢le] = 7]E] €)
gk ol 24 st ’\Eﬂ c 7t ghol# npolE = & AYIEE ®BAe7] 93l CPython AE Z ]
Hﬂ&ﬁdfﬂﬂwz(mmﬁP”Ozﬁ@ﬁ%é%%iﬂﬁerwmBﬂﬂ#ﬂﬁoiiﬂ
0“/\1]/\011 i3 A= E vHE o] A CPython 7+ &-& ©hdh Al THEUTH JEZEH AAE F 1+

S AHZYHE ths2dE3s] A BEE A, Exﬂ/ﬂ P A 7} A 2ol W E A o

w}fi i R e
AT, oW B BES L, B0l AR L, g0l v 8l 4l 28 A4 2 0FA Q) 2]
= GIL & Rhete = AAS 5 th =3 V0OE & wj= 4 GILS v 3o

As of Python 3.13, the GIL can be disabled using the ——disable-gil build configuration. After building
Python with this option, code must be run with -X gil=0 or after setting the PYTHON_GIL=0 environment
variable. This feature enables improved performance for multi-threaded applications and makes it easier to
use multi-core CPUs efficiently. For more details, see PEP 703.

;1
o{x
1:

o
o2
ok

hash-based pyc (3] ] 7] 9} pyc)
TEAS WE5H -ﬂﬁﬁ G A skd o] HF A AlZhe] ofd A E AR B HEo| E & A
. pyc-invalidationS 3% 3HA] 2.

hashable (3] A] 7}%)
AR 7 LA 1 Fhol tﬂﬁ}?ﬂ U= A FS 23 (_hash () WIANEZFZ 30U, o2 AA <}
W = SO W (eq () WA} D8 T, ol e Aeh St ek Wl oA
g AAE ) F S 2ol of U

SN A5 AAE GATAY A AH WA A 5 QA e, o 4R PR
WA 0= A ghe A5 mE Y ek

S shol el B W AL S s T (s 8 e e s Ad ol e
28] S5 U T (20| frozenset 2-2) B Ao EL 15 R 450l A4 7452 0w
3141 75T e A8 3l ) Nepls AR A B A S A e oh
G A9 BaE) B e vk W@ E 3, A L id () 2 FE TS F Uk

I r[

gbo] M-S 9t T3 N 2 sk 37 (Integrated Development and Learning Environment). idle & 5} o]
. ]

A7 719} ez elE B4 vt

immortal (%)
Immortal objects are a CPython implementation detail introduced in PEP 683.

If an object is immortal, its reference count is never modified, and therefore it is never deallocated while the
interpreter is running. For example, True and None are immortal in CPython.

immutable (£¥)

T4E gL 2 AR, B AL SA, BAD, FES ZFPU o ANSS WRE 5 ¢
FUTh A e A3 dﬁﬂﬁwﬂkéﬁaﬂﬁﬂuq— W54 ere A ko] 9101 oF She ol A
83 4TS Frich A8 S, gAY 7).

[e= ko) SN

l =

import path (Y £ & % 2)
A7 7|9k 7}?;?__‘2@3%%%].&0}] 7—1/&43].‘— HFArS (= Az odED) o BE 9

B sys.path 2 H¥H il/] D]—, SR HF A B 37X 9 A F

o]
= T
Jﬂﬂx]-/] path ANEZREZLEH & X JdFUTH
importing (¢ Z ¥))
St 259 FtolH F =7 THE BREY Fo|H T o AHEE & I EE o= E AL
importer (Y 3ZE])
BEES VT 32 R V|5 3= AA; A 3ol oz 21 AA YU Th

interactive (t} 3}3))
ghol M- th3}3 QB Z 2 E ol, JIEjZ 2§ =

27217 9=
= 1= -
93, %7 A9E A0E B 5 ok FYuTh A glel

d
m‘ IH
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Folirol A ddshe 2 b 5 gy, A ofeltlo]
B9 22 P AU (help (1) B 719314 2). 121
£ HA L.

interpreted (21 €] Z2)E] &)

E AANSIAY R EF 7 AE o)
B o tf g XA §F U] 82 tut-interac

Hhol £ T E At el o] £A) w2 T 72 o] BANA 7| AT, s A A Aozt ohy]
e olE)z e e dojguth ol AL WA A% 5 e B %, 42 A2 A 4B
QJolt W% 7Y

St E=Uth 120 & § AHs AW 7)E A, A el E
AojRoh g /U 715 25Ut tigld = HA 8.
interpreter shutdown (Q1E] = 2JE] £ 8)
2 ook 2 42 W 1), o]
o

%51

o) ¥ BH U A5 49 9ol Sl TEES ABE AN D 5 A
Uth $2 A7) S A8 £ T2tk o9 52 v 5 e, a50] 9 23hE A5
o 71554 @2 5 97 mE QU THER ol eholne 2 BE ol A3 A E YU Th

iterable (o] €] &] -‘%)
AL st ol st EE 5 e AA. olHEH B9 o2+ EE (1ist, str, tuple Z-2)
ANAEE 5, dict Z2 2Z2 U AAL 5, 3 A5, _iter () WA A2 G 7=
__getitem () WINEEXNA AT EZE Feh29 7"11] o] 1¢14u}.

AL cor R348 £ AT A8 D
A28 5 YUk o B e A 7} g 3

= ia]’ D]'E 11:,%:8 = (zip (), map ( )Oﬂ
ite
=85 ‘/]T/} o] °]E1€1]O]E1‘— rE 9 A b‘]—t‘ﬂ

>ﬂﬂ4§@%ﬂ%g1ﬂﬂ41ﬁﬂﬂﬂe

HE2iter() E EE37A, o H ]E% 7“/'<ﬂ
Oﬂlfﬂv‘i‘—% ﬂwﬁﬁfﬂ Ao Fed, F2E
BrS Ut} o g g o E, Al A2, AU d o E = BA

iterator (¢]E]#] o] E])
tolEe] ~2ER-|Z 8= AA. o]HH OB _next_ () HIANEEWEAHORE S &3}
1/HX]"GL-rnext() ZAZEH) 2EH JE=FEES Z]‘E:”EHE-EE]]ZI’]D} o o] 49|
= 4l stopIteration o9& o Ut o] A A, o] & o8 AA = 2%,
9] E’_ _next__ () HIAE=E Egt StopIteratlon o 9] & t}A] 4o 7] 7|9k gt} o] B E o] Bl =
g #lolE] A A S EHFE __iter () HIHNEE 7P“ Zo] 875 7] wZell, o] H &l o] B =
°JElE el 7| % 3l thE oJH S S = E‘:‘O}C‘ﬂ R oA AHEE 5 syt 8%
oel= oy Mo oHd o] = Al=stes ZE YU Th (llst Z-2) AH oY AA| = iter ) FTE
At A for Fz o A ufjuict A o5 F o] Bl & WUt o] & ZAE o] & o] E] of] thaf A]
T3t L shH, A o] g dl o] Aol AHEH o] n] &K H o]H# olHE EelF A, Wl AH o] YA
HolA ”}:‘4“4’

typeiter o] T Z}A| 3k U &0] 95U th

CPython G-3& 4} A]: CPython does not consistently apply the requirement that an iterator define
__iter_ (). And also please note that the free-threading CPython does not guarantee the thread-safety
of iterator operations.

key function (7] g4)
7] &4 &+ Zd °] A (collation) T+ A E (sorting) o]} vl & (ordering) o] AHS-5 = = EH T+
ZHEYYrh o & E0], locale.strxfrm() L EAL EFA A E=HE 7| & ,_]-E—‘E =]

A8t
shol o) B £77F 8450 @A €A AoA T Bl AR Aol A4 7] F4E

‘?}0}%?:]1/]1’/} 0]‘34 7‘] Oﬂ min(), max (), sorted(), list.sort (), heapg.merge (), heapqg.
’ ’ ra g ra
nsmallest (), heapg.nlargest (), itertools.groupby () O] 01—1/] T/}

7 g Be s e o2 o) IS UTh o & Bol, str.lower ) A EE Aloja PR gl
YS9 7 FFE ALY $ YFUT WAHOE, 7] FHE lanbda ER O WE £ 5
Ol—tﬂ, ] ﬁ /5] ?:] 1/] ﬂ— lambda r: (r[0], r[2]). 5‘5‘:‘}, operator.attrgetter (), operator.
itemgetter (), operator.methodcaller () 7} Al 719 7] &4 AAXL UL} 7] g8 52
AH8-3F= ol tf 3k o]l  Sorting HOW TO & H A &
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keyword argument (7] 9] & <12})
17 E HA L.

lambda (&t}

$29 0 go] TAAL ] A4 22 TAE ol ik A B4, Foh P42 BES
—E—‘ﬁ% lambda [parameters]: expression ?:]\4\:]-

LBYL
= 7] Aof| B2} (Look before you leap). ©] Y 2EIL T Eo| ) 23] 2 3}7] Ao WA H o2 ALA
2AEE AAGU o 2eA L EAFP G203} U1 E W, B e Be) 2= SR o Pt
05 29 = 270 A, LBYL H2H -2 “H 7|79} “H7|” 2kl A 270 WHEA 2 A1 o] 5
t} o & £0],FE if key in mapping: return mappinglkey] &= AA} Zof, 3FX 2 %3] Ao,
k2 28 E 7} keyE mapping | A A AsHH A 4 QU Th o]/ o]fr= SO Y EAFP HI2 RS
AHeEe N S AdE o st

lexical analyzer (]3] &4 7])
Formal name for the tokenizer; see token.

list (2]~ E)
W stolx Al A~ T2 o] Foll = B3, Ao thk AM 7o) o] 7] wiel, A
(linked list) 2 th= TF2 A oo v &3} F- AU o}

list comprehension (2] A E 7 3 2] 8l 4)

AA2Y A AR EE=IRE APt 1 A& g2ER sHF+ HE
2

b
Auk
[>
[m

59116715 (0x.) 52 EASH= BALY 228 Uitk ir 4 AeF 5 gk A ekt
W, range (256) o] Y= BE 847 AZFE YL

loader (2 1T)
An object that loads a module. It must define the exec_module () and create_module () methods to
implement the Loader interface. A loader is typically returned by a finder. See also:

« finders-and-loaders
e importlib.abc.Loader
« PEP 302

locale encoding (27| 217.9)
On Unix, it is the encoding of the LC_CTYPE locale. It can be set with locale.setlocale (locale.
LC_CTYPE, new_locale).

On Windows, it is the ANSI code page (ex: "cp1252").
On Android and VxWorks, Python uses "ut £-8" as the locale encoding.
locale.getencoding () can be used to get the locale encoding.
See also the filesystem encoding and error handler.
magic method (7] 3] v 4] &)
S A= o v A A vl e

mapping (7} 3)
?:]9/] 9/] 7] Z‘_ﬂ% X] %?'5]-3’_ collections.abc.Mapping 0] 14- collections.abc.MutableMapping
FA oA FE 2 o AAFE HAHEES £HF= A oy A, 9|2 += dict, collections.
defaultdict, collections.OrderedDict, collections.Counter & & 4\— 9}%14 D]-

meta path finder (W€} 3 2 3}2lt])
sys.meta_path & ZAAo] EFE= vlolr]. v A2 ey 4=z dEe gl & &= o
A1 A W ThE U th

U'“E]' 7§§ -‘—’4'?_]‘:1 7]’ :r’“?‘a%]'% U‘“HE%Oﬂ ﬂ}ﬁﬂ/“]% importlib.abc.MetaPathFinder = E@ {4,

e},

metaclass (W€} S 2~)
Fag FHa. FHa A= FdxolF, N2 gAY, vl oA FHAEY FEE Y TH
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metaclasses o A T XpAM| 3 &S 2 4+ 95Ut

method (WA &)
2 uby ol A Y= = T L Al dxEAY oERF
A WA QA (BT self AL %%D}) ZoAx"EA AR E EFYLE T+ & T
AL

method resolution order (WA= A& 4 4])
HAE AA A= 23] 3= 5
ulo] A Sl H Z gl o A}

module (X&)

ofo
(i
e
Ko
AU
Y
o
ox
>
)
=
0#0
o
o]
<
Er'
@]
=
[\)
(98]
5
O
it
HI
Y
ko

WEF et o Al AAHE Wobd FehAE BEt S AUk TR AR Ay xz e
Y Aol 7|8 FRS AU o] A4S SR BEL AL A~ He FHAE @
gohe AU Th B A Aol A o] =77 A3 e AW, Beh 4, v Fe s
A8 Sobat S AT HUTh =2 R E AA| 20 27 (ogging), 2 = FAA | F7}
A AR F4, AFE AT B O Zdo SRS

stoldl F=e] 23} B9 & Bt AA. RES 909 shol W ARNEL B o] FUL
U RES 42 Axjo] 93 stol oz EP UL
W72 = BA L

H
module spec (2 & 2 3))

REES ZESEHAIRH = UXE AH AR ES H17 9= o]& F 7 importlib.machinery.

ModuleSpec &] A 2EH A,
module-specs &=

MRO
WA= 274 A & BAL.
mutable (7}H)
7hH AA = ol A 4 AT id() = €A FAE YL 2 & HA 8.

named tuple (V] J & £Z)
“named tuple(Lﬂ A= FE)olgte &= FEolA 4SEstar o
od AT 9= Q /\oﬂ M A 2~

2755 98 4 Ay

time.localtime () & os.stat () 7} WF3SE ZHS £ 831o], o8] Aol Y de E=JYrt =

E}‘E— Oﬂ—‘\f sys. floatfinfo?} 1/] 1’/]-:

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

1024

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

1024

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

True

L

A A= FEL YFYAL D YU Ex cupled] 4 44D o 8 $ 2 AEE A e
uk Fe) 2 gel 2 g E%%%J%?”VWW+ﬂﬂﬂiﬂé%ﬁﬁﬁﬁﬁﬂ%wwmq
NamedTuple & 7:]]—?5‘]-7%1/]-41 1'-L] %\:}4\— collections.namedtuple () & ‘E’l‘%—/f— 9,)\%14 _‘5;_;(].9,]
e A AAFAG PFULE FEIAE 22 5 9t B AR 2 HASE FA5E

.

namespace (¢]5 37

AP 7t ARG = 4. ol 302 9AYERE FAgUth AAlo SHE o] F 37 (HA = oA
B0 ohlzk A9, A9, U4 ol & B7bo] YT ol F BUL o § FES WA LEAS
AP UTh o€ S0, 5 builtins.open Fos.open() = 159 o5 F3tol s 2t
E3, o5 B0L o8 BEo| F4E THFEAE BHAA BEOIA A 54 B
22 ZUrth o9& £9], random.seed () == itertools.islice() B} 2 1 3rSo] 2zt

random-l»]-ltertools 2E ] ﬂéﬁ :,L‘:o‘i_ﬂ gi%o] %Q’ﬁﬂﬁqr/}
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namespace package (0] S Z 7} 3] 7] #])
@7 A1 57 A 5] Aelo| M 27 7 5 ahe 97 4. o] F B A AL Bl AR G
X Q3,53 __init__.py F o] gloemz G4t 9 7] A &= thE Yt

Namespace packages allow several individually installable packages to have a common parent package. Oth-
erwise, it is recommended to use a regular package.

For more information, see PEP 420 and reference-namespace-package.

._1__'@_‘ _J_ E_/K'ﬂ_u_

nested scope (ZHE A7 =)
el Aol MAE A2oE 5o o3 Bol, the T4 uol A Fo) R P 12 ool
G MAES A2D 5 ASUL FAY ARZs JEHOoRE 2T AT R YL 57
STk o] Fo)a|ok FUTh A MEE S A Use] 23zol A 93 HuiTh B A %
B MFEL A9 o] F TN L £t nontocal & ME AR mo] 2% AL Hetghith,
new-style class (FF2Etd 8 »)
AFE BE Zla AAol] AHEH I = Fala MAY oA o5, 2719 gho] A W Aol A+,
QA T YA slots_ , U2 HE, L HE, _ getattribute_ (), FH 2 WA E,
~Efe WA Eok 2o shol e AE L ThE 75 B S ALEE 4 Asls T
object (2 A])
JH (EZREUYZH) £ 20 3R (WA E) o] AoA REHlolH. =3 BE 7AEY ZH~

o HF A Wol~ 2o ~q vt

optimized scope (2 23} ¥ A7 =)
A scope where target local variable names are reliably known to the compiler when the code is compiled,
allowing optimization of read and write access to these names. The local namespaces for functions, generators,
coroutines, comprehensions, and generator expressions are optimized in this fashion. Note: most interpreter
optimizations are applied to all scopes, only those relying on a known set of local and nonlocal variable names
are restricted to optimized scopes.

package (3} 7] 2])
AB BESIU AAA
__path__ o]EZHFET}
At W71 4] e} o]l 5 71 A & A L.
parameter (UH 7H Hy
B (e MAE) B B 28 4
22 OilElEL A FF7 AR S5

o Y A-719Y & (positional-or-keyword): 9 2] Q12 1} 719 & 212} 2 AEE 4 = AAE XA
Ytk o] Aol 718 Gefe) u A asIu ) o & S0 T ol A foo 2 bar:

[def func (foo, bar=None) :

o A A-AL (positional-only): | A Z A2 5 & AXE A AT
S Hol o Wiy S B Foll / FAE 238t L F ol T 5
/ﬂ posonlyl T} posonly2:

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

o 71 =-A§ (keyword-only): 7N =2 A2 5 = AAE ABFU 719 =--8 w74
W g oo i A ‘?i-’F 5ol 4] gFof] shite] ZhA-91 4] w7 L+ & T = 23l A
o) g dsUth A& S0, th=ol A kw_onlyl &} kw_only2:

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

ositional): (2 vl 7|55l 2| ) 4] o] ] Wo}E o] 2 912 ARGl B3

« 7FA-A A (var-po
AED 5 de A2 QA= dolo AAAE AZ P o w4 w74 o] Fof
A

Agold £ HUth A2 S0 T2 ol A args:
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[def func (*args, **kwargs): ... }

o 7}H-7191 = (var-keyword): (Th-2 W 7| A =E0l] &3 A] o] 1] oty F 7] 9] = AX}Eol T 3H)
AFR 5 3l Fels) A% NS AAEE AT I8 HAREE A0 o] Fol
g ool 2o A HolE = AdsUTh A& =0 91 oAl A kwargs.
A A GRS 7 7 R ol A e Aol B4 AR5 L AR 5 U
Uk,
Ol 2} g0 7 &, Qo) uf) 7 M 4=2] x}o]of] L} 2 =FAQ A&, inspect .Parameter &2, function
A, PEP 362% H A 8.
path entry (7 2 JdE2])
A2 NS 7L JRE B BEES 3] 99 BAshe JEE A= Ae Sl B4

path entry finder (3 2 9 E 2] 5}21t])

—

sys.path_hooks o &= FHE (F, 4= ED =) o] EHF+ 3} A, T3 F = A E¢
ZEES =TS L dsUY
A7 dEz g Eo] T3 HIANEEL importlib.abe.PathEntryFinder o U3 th

path entry hook (& dE2] )
sys.path_hooks ﬂ—ﬁoﬂ e ZeEQdY, 5 AR AED A ZES FE=HS ¢ JTHH
AR EDZ QY & EHF YT

path based finder (7 2 7]} 5}¢1 )
712 ve F 2 9 H S F stul, Y2 E A oA RES ey th

path-like object (7 &5 2 A)
std Al2d AR g vetde AA. FEF AAE Z25 Ul str toytes A o] A
U os.PathLike ZREZFS FHS= AA YU os.PathLike ZREEZ S A Wdt= AA =
os.fspath() &4 E TE3A str L bytes FL A|2" A2 2 ASE 4 5y} t4Al os.
fsdecode () & os.fsencode () & ZtZ str L bytes 235 B AS=0 AE 4 d5 Yt} PEP

5192 =95 35Utk
PEP

ghol A 7§/d A <E. PEP<= sto] W AfUEl o] AHE A Fot A spo] W e T =2 AL Es 2
o gt 2R 715S A ste A A dUTh PEP= Altd 7)ol thet 1+ 8% 71 A 2

A AT o Tk

PEP: 58 Al 2-¢ 7552 AlAstn Ao o3t ARUE A2 53510 sho] o] So)7k A7
A4e Hiﬂcﬂﬁdﬂ%ﬂﬂQ%ﬂquwﬁdﬂ%ﬂ%QHWlﬁﬂﬂ%¥wd¢
she] o) 2 £ A5 A Qo] YT

PEP 1 &z 34 &

portion (Z )
PEP 420 o| A A 2] 3k
A (zip sFLoll A%

positional argument ($] %] <12}
A5 HAlL.

provisional API (23 API)

A3, 0% 57k 37 Aol o] upA 3hi She] Tl e 2ol Sol gl 5

il
1o

B APLE 2 Solnefelo) 37 S84 B Aoz e 153 ASd A9y e e )2

2 W37} o) A A = bl B, 4 H ol 2k EAIS & B, 2o} A AAE o] B stk et
HA Yo FAHA = Mol Dol guink. 13 WAL BRI YA 02 ot
£ 92 AUt - APIE 2 HE) Ao £ T A 22 Agel wae dped ol

Adyrh
A API AN Z 2%, 37 53
/«hﬂﬂ TAE sl A TS
A

o] AL BE ol nejel} 2.
U o A4S §- PEP 4
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provisional package (273 3} 7] A])
A APIE HA Q.

Python 3000 (3}2]% 3000)
gho]x 3.x vl ghQle] M H (WA 3] w27} w9 o]okr|E Al Fof whEo]R] o] Fo|t})
< “Py3k” & o] 27|% Fth

Pythonic (3} o] % t}-2)
THE Aol EolA dutd A HEES AFSEA 2=
£ 5 ol PSS sprpol Gt
for & AFEAA BB EY RE 847 FP3+= A
TAE0l gleng, stolylo o5ehA] ¢h-& AFREL thAlof

o] A

FRskE tA, shol A Aojol A 7P 2F

Ab
50, WOM A 2 oy g2
Ut o& w2 dojlls o] TR/
oA A} 72 EE AHE S = Tk

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

o 288, Folanke we o34t

for piece in food:

print (piece)

qualified name (3 -3} 9 o] F)
RES A 273z RE AW Zefa, 5, AT o2 “HR S HoFE
T4 o] 5. PEP 3155 o A} gt A4 e ZH2Y —?—°ﬂ AatetE ol 52
olEH ZFUh

-

>>> class C:
class D:
def meth (self):
pass
>>> C.__ _qualname
ICI
>>> C.D._ _gualname__
IC.DV
>>> C.D.meth.___qualname_
'C.D.meth'
A
EES 7ME]7)=d AFEE ull, &A 3] AF3E o]l & (fully qualified name) & 25 F 2 9] 7| X E&
A RER 7t AoR BEH o] 52 YUYt dlE £, email .mime. text:

J

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

reference count (%= 314)
7_11‘;‘4]01] q@ Fzo N AAY F2 A5471002 oA d, W27t vbhdguch 45 7
Holn Q/\ﬂ—’v\—ﬂﬂ;‘] 0}/‘% A 7+ & s A= A 0}’\‘4‘;} Tz 3¢ F42 gyt
E«L‘r 1M Z o &5 X = AT CPython +8 L] A 24Ut 2O = £ A

FZ A4 E 58 FE sys.getrefcount () FFE T2 5 AFUTh

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 (4 =] 7] %))

_init__.py AL EFFE UAE I} 2L AFA 74,

olF L H7NA & HAL.
REPL

An acronym for the “read-eval-print loop”, another name for the interactive interpreter shell.
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slots___
Ze2 YR AU, AATA A ERES S AT I v]2] HABT ALHL A e &
AAZoZN v Ee] g Aot &35 U Q7] Q7= AR o] Hla Y2 ZutE A A3t
A% Ak & Fol kA, W elo] F7He 3-8 2 IRl A BE 49 A28 A Yt SEd
492 AR s Aol FHUL

sequence (X] @ 2)
_setiten_() 54 UNSE B 4 AAAE NEIME 24 A28 AT, A
Zdol& %ﬁT = _len ) MIAEE Ao ste ol Bl s 2R WA ALSS g B, 1ist,
str, tuple, bytes 7} %IQHD} ict B8 getitem () I __len_ () & A HD3A T 23]
B oA 4ol 9l 54 b 18 g sk Wl Rel AWt bk g oz AF Ak o] 79
3 oF g ok,

The collections.abc.Sequence abstract base class defines a much richer interface that goes beyond just
__getitem_ ()and__len_ (),addingcount (), index (),

Types that implement this expanded interface can be registered explicitly using register (). For more
documentation on sequence methods generally, see Common Sequence Operations.

set comprehension (3] g A = 2] 3l A)
olE & Y= a‘li AAG dREE Aot 235 G2 A TS vkl 1H2 8 . results
= {c for c in 'abracadabra' if ¢ not in 'abc'}+ *-‘7(]—24 ;Q@’{'r', 'd'}
Yt} comprehensions% FZIAA L

single dispatch (A2 t] 23] x])
T3 o] 3hute] Aol Yol N1z M A E A g g a2 o 3 FE.
slice (&g}o]2)
HE A A2 o RS 23 }t AA. Eetolae MH ATHE B7)HES AFESIA
variable_name[1:3:5] _4 ?l’oﬂ/q 04?4 7H9/] %x}g ZECR ‘E“ﬂ ;ah/] E]- Eﬁgi (/“]
IYPE)F7IHE YRAo Eslice WA S AHE
soft deprecated (2F3}A| 5 2] H)

A soft deprecated API should not be used in new code, but it is safe for already existing code to use it. The
API remains documented and tested, but will not be enhanced further.

contains__ (),and___reversed_ ().

Soft deprecation, unlike normal deprecation, does not plan on removing the API and will not emit warnings.

See PEP 387: Soft Deprecation.

special method (-4 M| A &)
Aﬂmﬂaﬂﬂmovw,i@@%gﬁgw 2AAoR 55 E A ojd MAEE ¥
Mo W& 7 A2 BEUE o] 22 21 Q5 Uth E4 1A &= specialnames ©f] A 2 W50 A
PN

standard library
The collection of packages, modules and extension modules distributed as a part of the official Python interpreter
package. The exact membership of the collection may vary based on platform, available system libraries, or
other criteria. Documentation can be found at library-index.

See also sys.stdlib_module_names for a list of all possible standard library module names.

statement (&%)
B SIS (@0 RS b)) & FAcke BRUUT £4 004 A ANEE
A5l o8] 71A] 22 29| s Utk 718 if, while, for.

static type checker (3 2 & 7 x}7])

An external tool that reads Python code and analyzes it, looking for issues such as incorrect types. See also
type hints and the typing module.

stdlib
An abbreviation of standard library.

strong reference (7}3F 2 X)
In Python’ s C API, a strong reference is a reference to an object which is owned by the code holding the
reference. The strong reference is taken by calling Py_INCREF () when the reference is created and released
with Py_DECREF () when the reference is deleted.
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The py_NewRef () function can be used to create a strong reference to an object. Usually, the Py_DECREF ()
function must be called on the strong reference before exiting the scope of the strong reference, to avoid leaking

one reference.
e gx T HASL.

=

text encoding () A E 2137 ¢))
A string in Python is a sequence of Unicode code points (in range U+0000-U+10FFFF). To store or transfer
a string, it needs to be serialized as a sequence of bytes.

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

There are a variety of different text serialization codecs, which are collectively referred to as “text encodings”.

text file (Bl A E 3} <)

e WAE AL & % Sl 29 A $F, sE AAL Arle vhol = A HlolH2EYE
BN 2B HAE oFY 2 2F AETUth dAE gldo 2= dHAE BT ('pr IEE 1y)
2494 9+, sys.stdln, sys.stdout, i0.StringIo & A2EHAE E 4 95T
vhol= R 7] & 93 & 4 9t 5 ARo] AL vo] el Y = FE AR

token (E2)
A small unit of source code, generated by the lexical analyzer (also called the fokenizer). Names, numbers,

strings, operators, newlines and similar are represented by tokens.

The tokenize module exposes Python’ s lexical analyzer. The token module contains information on the
various types of tokens.

triple-quoted string (3% w}3 & ¥ F2}¥9)
G2 () ALEE () AR AL B

m&
L
ol
Ja

28 Sz B Aol Ao

A=
715& Algst A= FA T, o8 7HA] o] ol A EPJP EA%HE}. OléﬂlOl A e F2u2
ZUEnSxE EFAE ?Ml IS £ AT E 313, A2 BAE 22X GAE o8 £ 2 5+
Aded, Z2E"S &0 53] &2 Jds5Utt
type ()

shol® A 2] BL 1A ] oW F20] AMA ol X =
L  class. O E E]‘:'Eiﬂf\ﬂ"?ﬂff—Elﬂb]-type(obj)iﬁ%‘/l\‘wl\%

type alias (& o] dg]o]x)
F= A A Q) sto] Rt A= B9 59 0.

g ol Qefolat o AES deslshe o - 8FUTh o 8 S

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

pass

£ e 2ol § 971 471 Bs 4 5 Uth

Color = tuple[int, int, int]

-

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

pass

0] 7]1%5S AWl typing T} PEP 4845 F 2314 S

ERE B o i Ui kel ZIdi s = 2 AR sHE of =E ol Al

o] 2
H B s AlH Aol i Tho Mol A AAIH A& hA W, 44 & 747]o] §-8 g Th E 3 IDEY)
D= g 2 B EYS FHunh

A= E
A9 "4 ALdsta, A9 Ay, Zd
get_type_hints () & A}

o] 715 & A9 typingd} PEP 4845 Fx 314 2.
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= )
SRS A ATE R Gol B A G das ange R use d: f s A A

e \n', AES= FE \r\n', A AL i NEA] FE \r'. F71E QA AFE-oll #B A= bytes.
splitlines () 9t o}y FJrPEP 278 S}PEP 3116 = E A &
variable annotation (‘14> o] = €] o] A)
Hy e ZHl2 ERREY o oH oA
W s 2o)2 o EelHEd ol o] 4 € Sl e AE AT

class C:
field: 'annotation'

W5 ool de dMA o 3 A= gD oS Sol, o] WAt int e ML A0

W o] i H o] A B2 Al A annassign ol A] A % & o}

52 = 3 o] = H o] 4, PEP 484 2 PEP 5265 F23MAM 8. =3 o] =H| o] A &} o

ol sk &1 AL#| <= annotations-howto & X 3FA| &
A}
[e]

N
—_

virtual environment (
Spo) A AEAh5h S 12 18], 2 e A g0 A = g =
B FA LA, FolH vl FH 7)1 A= @X] ‘}744 Jadel=stes AL 7Hs A Sk
P EEEEREEE
venv & BEA K.

virtual machine (7}%} 7] A))
LzEdolvtor FoH AT, spol o 7H} 7 A= vlol E I = A9 7F S8 vlol =
2= R

walrus operator

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 (3} o] Al)
sho]#l Ti Al el s e] B, o) & o]l oty ALgate o] £gol FUTh o] BB
e}y ZFZEOA “import this” & YHHH E Yyt
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APPENDIX B

O] dHAOf 25}0q

ylo]# A g A= reStructured Text 4> 22 o] A] U}—oi A Aoz Yo ol WL 9F AT QT o A= =
ZeAEe 44 BeHE A9A 44719 Sphink & A& B2 o

AT A 9} o] 8 913 FA 9 ke shol Wl ApA| 9} v} A 2 A A 0 7 A E AR = Tk 7)o 8
3 Ak, Zo] v of] o 3F A B = reporting-bugs # 0] A & F 1A A . A2 AFF B A A= A AV
s g oH

e BRSO Be 2AE =Ry

o Fred L. Drake, Jr., Y&} gfo] W AP A = 3] 2 x}o] A} W& ZEl % 9] #]x};
« reStructuredText 2} Docutils 2 Y EE vt=

o Fredrik Lundh, Z2.2] tf ¢F 51} o] 8 2= (Alternative Python Reference) 3 2 A E of] A Sphinx 7} -2 o} o]
Holg Asizy .

= Docutils Z2 A E,

B.1 mo| MHA S| ZBXIE

Er A1gro] Thol il Qlo], hol #l B ehol Helel B sholul AW Ao 7o WU Th Fl el Ae] REAQ
B 22 glo]H A v EH2] Misc/ACKS & ZZ AL

sholalo] ol WA AWAE 2A B AL shold ARUE ATt 7ol W2 AU Th- AR
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appeENDIX G

oI b2} 20| Ml A

C.1 AZEQ0{Q A}

Python was created in the early 1990s by Guido van Rossum at Stichting Mathematisch Centrum (CWI, see https:
//www.cwi.nl) in the Netherlands as a successor of a language called ABC. Guido remains Python’ s principal author,
although it includes many contributions from others.

In 1995, Guido continued his work on Python at the Corporation for National Research Initiatives (CNRI, see https:
/lwww.cnri.reston.va.us) in Reston, Virginia where he released several versions of the software.

In May 2000, Guido and the Python core development team moved to BeOpen.com to form the BeOpen PythonLabs
team. In October of the same year, the PythonLabs team moved to Digital Creations, which became Zope Corpo-
ration. In 2001, the Python Software Foundation (PSF, see https://www.python.org/psf/) was formed, a non-profit
organization created specifically to own Python-related Intellectual Property. Zope Corporation was a sponsoring
member of the PSF.

All Python releases are Open Source (see https://opensource.org for the Open Source Definition). Historically, most,
but not all, Python releases have also been GPL-compatible; the table below summarizes the various releases.

HY = =t o= 2 o IS YN GPL-compatible? (1)
09.0~12 n/a 1991-1995 CWI yes
13~152 12 1995-1999 CNRI yes
1.6 1.5.2 2000 CNRI no

2.0 1.6 2000 BeOpen.com no
1.6.1 1.6 2001 CNRI yes (2)
2.1 2.0+1.6.1 2001 PSF no
2.0.1 2.0+1.6.1 2001 PSF yes
2.1.1 2.1+2.0.1 2001 PSF yes
2.1.2 2.1.1 2002 PSF yes
2.13 2.1.2 2002 PSF yes
2.2 o)A 2.1.1 2001-& 2]  PSF yes

0 Fx

(1) GPL-compatible doesn’ t mean that we’ re distributing Python under the GPL. All Python licenses, unlike
the GPL, let you distribute a modified version without making your changes open source. The GPL-
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compatible licenses make it possible to combine Python with other software that is released under the
GPL; the others don’ t.

(2) According to Richard Stallman, 1.6.1 is not GPL-compatible, because its license has a choice of law clause.
According to CNRI, however, Stallman’ s lawyer has told CNRI’ s lawyer that 1.6.1 is “not incompatible”
with the GPL.

Guido®] A= 3}of| o] Wi ZZ 7hsstAl e W2 o7 A B AAE o Al AAFEH U T

i

C.2 mlo|Mol| HMIASIHLE AF23E17| I8t 0|2 24

Python software and documentation are licensed under the Python Software Foundation License Version 2.

Starting with Python 3.8.6, examples, recipes, and other code in the documentation are dual licensed under the PSF
License Version 2 and the Zero-Clause BSD license.

sho]mol S5 Q4 £z EFofol i T2 2ol M AT A 88 U Th ehol Al o % 2ho] o] o o}
= 2= 3 YA gU ol @ ehol A BeAE 2B

Ol FZ3IAA L.

RS

l

of ]
]

C.2.1 PYTHON SOFTWARE FOUNDATION LICENSE VERSION 2

[N

This LICENSE AGREEMENT is between the Python Software Foundation ("PSF"), 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.
PSEF 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
(TH5 sl el Aol A)
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(o] sl o] A ol A AI)

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.

C.2.2 BEOPEN.COM LICENSE AGREEMENT FOR PYTHON 2.0
BEOPEN PYTHON OPEN SOURCE LICENSE AGREEMENT VERSION 1

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"
BEOPEN MAKES NO REPRESENTATIONS OR WARRANTIES, EXPRESS OR IMPLIED.

basis.
BY WAY OF

EXAMPLE, BUT NOT LIMITATION, BEOPEN MAKES NO AND DISCLAIMS ANY REPRESENTATION OR

WARRANTY OF MERCHANTABILITY OR FITNESS FOR ANY PARTICULAR PURPOSE
USE OF THE SOFTWARE WILL NOT INFRINGE ANY THIRD PARTY RIGHTS.

OR THAT THE

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,
ADVISED OF THE POSSIBILITY THEREOEF.

EVEN IF

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
granted on that web page.

permissions

7. By copying, installing or otherwise using the software, Licensee agrees to be

bound by the terms and conditions of this License Agreement.

C.2.3 CNRI LICENSE AGREEMENT FOR PYTHON 1.6.1

1. This LICENSE AGREEMENT is between the Corporation for National Research

Initiatives, having an office at 1895 Preston White Drive, Reston,

VA 20191

("CNRI"), and the Individual or Organization ("Licensee") accessing and

(T2 sl ol Aol A1)

C.2. mlo|¥ofl HMASIHLE AHZSE7| 218t 0|8 22
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(o1 sl o] A ol A Al <5)
otherwise using Python 1.6.1 software in source or binary form and its
associated documentation.

Subject to the terms and conditions of this License Agreement, CNRI hereby
grants Licensee a nonexclusive, royalty-free, world-wide license to reproduce,
analyze, test, perform and/or display publicly, prepare derivative works,
distribute, and otherwise use Python 1.6.1 alone or in any derivative version,
provided, however, that CNRI's License Agreement and CNRI's notice of copyright,
i.e., "Copyright © 1995-2001 Corporation for National Research Initiatives; All
Rights Reserved" are retained in Python 1.6.1 alone or in any derivative version
prepared by Licensee. Alternately, in lieu of CNRI's License Agreement,
Licensee may substitute the following text (omitting the quotes): "Python 1.6.1
is made available subject to the terms and conditions in CNRI's License
Agreement. This Agreement together with Python 1.6.1 may be located on the
internet using the following unique, persistent identifier (known as a handle):
1895.22/1013. This Agreement may also be obtained from a proxy server on the
internet using the following URL: http://hdl.handle.net/1895.22/1013".

In the event Licensee prepares a derivative work that is based on or
incorporates Python 1.6.1 or any part thereof, and wants to make the derivative
work available to others as provided herein, then Licensee hereby agrees to
include in any such work a brief summary of the changes made to Python 1.6.1.

CNRI is making Python 1.6.1 available to Licensee on an "AS IS" basis. CNRI
MAKES NO REPRESENTATIONS OR WARRANTIES, EXPRESS OR IMPLIED. BY WAY OF EXAMPLE,
BUT NOT LIMITATION, CNRI MAKES NO AND DISCLAIMS ANY REPRESENTATION OR WARRANTY
OF MERCHANTABILITY OR FITNESS FOR ANY PARTICULAR PURPOSE OR THAT THE USE OF
PYTHON 1.6.1 WILL NOT INFRINGE ANY THIRD PARTY RIGHTS.

CNRI SHALL NOT BE LIABLE TO LICENSEE OR ANY OTHER USERS OF PYTHON 1.6.1 FOR
ANY INCIDENTAL, SPECIAL, OR CONSEQUENTIAL DAMAGES OR LOSS AS A RESULT OF
MODIFYING, DISTRIBUTING, OR OTHERWISE USING PYTHON 1.6.1, OR ANY DERIVATIVE
THEREOF, EVEN IF ADVISED OF THE POSSIBILITY THEREOF.

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

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.

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.
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C.2.4 CWI LICENSE AGREEMENT FOR PYTHON 0.9.0 THROUGH 1.2

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

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

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

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.
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C.3.1 HEM EQ[AH

The _random C extension underlying the random module includes code based on a download from http://www.math.
sci.hiroshima-u.ac.jp/~m-mat/MT/MT2002/emt19937ar.html. The following are the verbatim comments from the
original code:

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

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

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

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

(TH5 sl el Aol A)
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modification, are permitted provided that the following conditions
are met:

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

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

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

permission.

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

Any feedback is very welcome.
http://www.math.sci.hiroshima-u.ac.jp/~m-mat/MT/emt.html
email: m-mat @ math.sci.hiroshima-u.ac.jp (remove space)

C.3.2 A3

The socket module uses the functions, getaddrinfo (), and getnameinfo (), which are coded in separate source
files from the WIDE Project, https://www.wide.ad.jp/.

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

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

modification, are permitted provided that the following conditions

are met:

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

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

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

THIS SOFTWARE IS PROVIDED BY THE PROJECT AND CONTRIBUTORS "AS IS" AND
ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE
IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE
ARE DISCLAIMED. IN NO EVENT SHALL THE PROJECT OR CONTRIBUTORS BE LIABLE
FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL
(TF& sl o Ao A %)
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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.3.3 H|S7| A2 MH|A

The test .support.asynchat and test.support .asyncore modules contain the following notice:

Copyright 1996 by Sam Rushing

All Rights Reserved

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

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

C.3.4 F7| &g

http.cookies E Tha 22 2| AMg 23t

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

(Th= sl ol Aol A1)
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ACTION, ARISING OUT OF OR IN CONNECTION WITH THE USE OR
PERFORMANCE OF THIS SOFTWARE.

C35 A3 =X

trace RES T3} 2L 72 AFS TPk

portions copyright 2001, Autonomous Zones Industries, Inc., all rights...
err... reserved and offered to the public under the terms of the

Python 2.2 license.

Author: Zooko O'Whielacronx

http://zooko.com/

mailto:zooko@zooko.com

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

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

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

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

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

C.3.6 UUencode X UUdecode g4

The uu codec contains the following notice:

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.

(TH5 sl el Aol A)
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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

C3.7 XML YA T2 A &=

xmlrpc.client R E2 U 22 FY AHS 33 oh

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

C.3.8 test_epoll

The test.test_epoll module contains the following notice:

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
(T2 sl o] Al ol A1)
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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 BE-L kqueve QB 5 o] 2ol thal T3} 22 Fo) AL ERFTH

Copyright (c) 2000 Doug White, 2006 James Knight, 2007 Christian Heimes
All rights reserved.

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

modification, are permitted provided that the following conditions

are met:

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

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

THIS SOFTWARE IS PROVIDED BY THE AUTHOR AND CONTRIBUTORS "AS IS" AND

ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE
IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE
ARE DISCLAIMED. IN NO EVENT SHALL THE AUTHOR OR CONTRIBUTORS BE LIABLE
FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL
DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS

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

C.3.10 SipHash24

AFUTh of7]ell& tha 7 2 W&ol 23H o] d5uth

<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/

(TH5 sl el Aol A)
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Solution inspired by code from:
Samuel Neves (supercop/crypto_auth/siphash24/1little)
djb (supercop/crypto_auth/siphash24/1ittle2)
Jean-Philippe Aumasson (https://131002.net/siphash/siphash24.c)

C.3.11 strtod 2} dtoa

The file Pyt hon/dtoa. c, which supplies C functions dtoa and strtod for conversion of C doubles to and from strings,
is derived from the file of the same name by David M. Gay, currently available from https://web.archive.org/web/
20220517033456/http://www.netlib.org/fp/dtoa.c. The original file, as retrieved on March 16, 2009, contains the
following copyright and licensing notice:

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

* 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.

*

**k*************************************************************/

C.3.12 OpenSSL

The modules hashlib, posix and ss1 use the OpenSSL library for added performance if made available by the
operating system. Additionally, the Windows and macOS installers for Python may include a copy of the OpenSSL
libraries, so we include a copy of the OpenSSL license here. For the OpenSSL 3.0 release, and later releases derived
from that, the Apache License v2 applies:

Apache License
Version 2.0, January 2004
https://www.apache.org/licenses/

TERMS AND CONDITIONS FOR USE, REPRODUCTION, AND DISTRIBUTION
1. Definitions.

"License" shall mean the terms and conditions for use, reproduction,
and distribution as defined by Sections 1 through 9 of this document.

"Licensor" shall mean the copyright owner or entity authorized by
the copyright owner that is granting the License.

"Legal Entity" shall mean the union of the acting entity and all
other entities that control, are controlled by, or are under common
control with that entity. For the purposes of this definition,
"control" means (i) the power, direct or indirect, to cause the
(Th= sl o] A of] Al%)
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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.

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

3. Grant of Patent License. Subject to the terms and conditions of
this License, each Contributor hereby grants to You a perpetual,

(TH5 sl el Aol A)
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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
for any such Derivative Works as a whole, provided Your use,
reproduction, and distribution of the Work otherwise complies with
the conditions stated in this License.

Submission of Contributions. Unless You explicitly state otherwise,

(TH5 sl el Aol A)
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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

C.3.13 expat

The pyexpat extension is built using an included copy of the expat sources unless the build is configured
—-—-with-system-expat:

Copyright (c) 1998, 1999, 2000 Thai Open Source Software Center Ltd
and Clark Cooper

Permission is hereby granted, free of charge, to any person obtaining
(TH5 sl el Aol A)
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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

The _ctypes C extension underlying the ct ypes module is built using an included copy of the libffi sources unless
the build is configured ——with-system-1ibffi:

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

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

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

THE SOFTWARE IS PROVIDED "AS IS", WITHOUT WARRANTY OF ANY KIND,
EXPRESS OR IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE AND
NONINFRINGEMENT. IN NO EVENT SHALL THE AUTHORS OR COPYRIGHT
HOLDERS BE LIABLE FOR ANY CLAIM, DAMAGES OR OTHER LIABILITY,
WHETHER IN AN ACTION OF CONTRACT, TORT OR OTHERWISE, ARISING FROM,
OUT OF OR IN CONNECTION WITH THE SOFTWARE OR THE USE OR OTHER
DEALINGS IN THE SOFTWARE.

C.3.15 zlib
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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.

(TH5 sl el Aol A)
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Permission is granted to anyone to use this software for any purpose,
including commercial applications, and to alter it and redistribute it
freely, subject to the following restrictions:

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

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

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

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

C.3.16 cfuhash
tracemalloc o &8 AH&5 & s A] Blo] B9 732 cfuhash Z2AEE 7|uto 2 gy

Copyright (c) 2005 Don Owens
All rights reserved.

This code is released under the BSD license:

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

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

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

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

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS
"AS IS" AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT
LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS
FOR A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE
COPYRIGHT OWNER OR CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT,
INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES
(INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR
SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT,
STRICT LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE)
ARISING IN ANY WAY OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED
OF THE POSSIBILITY OF SUCH DAMAGE.
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C.3.17 libmpdec

The _decimal C extension underlying the decimal module is built using an included copy of the libmpdec library
unless the build is configured ——with-system-1ibmpdec:

Copyright (c) 2008-2020 Stefan Krah. All rights reserved.

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

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

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

THIS SOFTWARE IS PROVIDED BY THE AUTHOR AND CONTRIBUTORS "AS IS" AND

ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE
IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE
ARE DISCLAIMED. IN NO EVENT SHALL THE AUTHOR OR CONTRIBUTORS BE LIABLE
FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL
DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS

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

C.3.18 W3C C14NHIAE AQIE

The C14N 2.0 test suite in the test package (Lib/test/xmltestdata/c14n-20/) was retrieved from the W3C
website at https://www.w3.org/TR/xml-c14n2-testcases/ and is distributed under the 3-clause BSD license:

Copyright (c) 2013 W3C(R) (MIT, ERCIM, Keio, Beihang),
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,

(TH5 sl el Aol A)
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(o] sl o] A ol A AI)
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 License:

Copyright (c) 2018-2021 Microsoft Corporation, Daan Leijen

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

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

THE SOFTWARE IS PROVIDED "AS IS", WITHOUT WARRANTY OF ANY KIND, EXPRESS OR
IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF MERCHANTABILITY,
FITNESS FOR A PARTICULAR PURPOSE AND NONINFRINGEMENT. IN NO EVENT SHALL THE
AUTHORS OR COPYRIGHT HOLDERS BE LIABLE FOR ANY CLAIM, DAMAGES OR OTHER
LIABILITY, WHETHER IN AN ACTION OF CONTRACT, TORT OR OTHERWISE, ARISING FROM,
OUT OF OR IN CONNECTION WITH THE SOFTWARE OR THE USE OR OTHER DEALINGS IN THE
SOFTWARE .

C.3.20 asyncio

Parts of the asyncio module are incorporated from uvloop 0.16, which is distributed under the MIT license:

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

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

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

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

NONINFRINGEMENT. IN NO EVENT SHALL THE AUTHORS OR COPYRIGHT HOLDERS BE
LIABLE FOR ANY CLAIM, DAMAGES OR OTHER LIABILITY, WHETHER IN AN ACTION
OF CONTRACT, TORT OR OTHERWISE, ARISING FROM, OUT OF OR IN CONNECTION
WITH THE SOFTWARE OR THE USE OR OTHER DEALINGS IN THE SOFTWARE.
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C.3.21 Global Unbounded Sequences (GUS)

The file Python/gsbr.c is adapted from FreeBSD’ s “Global Unbounded Sequences” safe memory reclamation
scheme in subr_smr.c. The file is distributed under the 2-Clause BSD License:

Copyright (c) 2019,2020 Jeffrey Roberson <jeff@FreeBSD.org>

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

modification, are permitted provided that the following conditions

are met:

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

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

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

C.3. Z&HE AZEQ0{0l CHEt 2fo|MA L S0l 107

Hl



https://github.com/freebsd/freebsd-src/blob/main/sys/kern/subr_smr.c

Extending and Embedding Python, Z2|A 3.13.7

108 Appendix C. A2} 2l0|MIA



APPENDIX D
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Copyright © 2001-2024 Python Software Foundation. All rights reserved.

Copyright © 2000 BeOpen.com. All rights reserved.

Copyright © 1995-2000 Corporation for National Research Initiatives. All rights reserved.
Copyright © 1991-1995 Stichting Mathematisch Centrum. All rights reserved.
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