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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")

=
T335=C J]r % spammodule.c @}l & 1/]1’4-, E% ]-EO] spammlfy?ﬂ Y o & 71?1;, E'_% o]

spammify.c ‘—l: —’F %1%

eh)
A9 g F EL e 2 Uth

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

o] AL vlo] W APIE 7HAFUTH (R3 0 252 EA3 A&d BAE AYsts FAL 271 ¢
AFYh.
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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.

Python.n7} B9 B ALBA7} B 5 Sl /1S 52 AH ol A4 A 5E A D 25 eyt ey
A4S 1T 91 £ 9191, 2213 shol 9B 221 H R A A-&S] WLl meychon. b
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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 PylLong_FromLong (sts);
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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; ]

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); }

2.1. CL} C++Z m}lo|M =t&tst7| 7
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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 O;

static PyModuleDef_ Slot spam _module_slots[] = {
{Py_mod_exec, spam_module_exec},
{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(void)
{
return PyModuleDef_ Init (&spam_module);

of| 2] AA|2] 5}o]H o] EL spam.error Yol F A A] L. PyErr_NewException () &4+ (NULL T A
e Ze A7 AgE A 9= 3 W o] A S A7} (bltin-exceptions o A] A H H) Exception ¢l T A
WE % itk

spamError M4t A2 WS 0] 2 o8] Fe) 2ol S BEE HAFNE 444 A 2 0] AL £ g
Y &) f F=of o5 ol ) 7} g0l A Al AL 5 A7) w2 oll, N7 H H A A spamerror 7F M2 E
(dangling) V1 7} 5] 7] Q=2 sl W, Se 0] et FEE 24T B2o} AUk D TaAE s}
59, ol 28 BN ECRES} To] FE} b = 5hA] g RS dod 4 vtk

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] AZ o] SIHFolA pyMODINIT_FUNCE T BE3H3 0 2 AL Zlof el 4
\n

t}2- 37} Zo] pyErr_SetString () & E=&3t9] B EE | A spam.error 9|2 & &

=
=

FU T

3
A=}
AB 5 A5

static PyObject *
spam_system (PyObject *self, PyObject *args)
(th= sl o] A ol Al%)
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(o] sl o] A ol A AI)

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[XM|Z Z0t717]
oA A T2 FoFIHA, oA AR 2 o] &= ol lojoF Ayt

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

return NULL;
Nz} BE oA ol & 7} A pyarg ParseTuple () o Q3] DA H o 2] of o] =3 A nurLL(AA] £
HE Hhehsl= 9] ol 2] A7) whshh ok lﬁ‘xl oF o QA FAHY ghol A1 9 ¥4~ command
of B vtk ol 2 ZAE hioln] ZHel A& BALL FAAE ¢ HUT (kA BEC
o A, M4 command<+= const char *command® 2HIE A A AT o]oF T t).
U 242 F98 &5 systen() & TE U], Pyarg_ParseTuple () OlA €2 £AE S A2y th
[sts = system(command) ; }

22 9] spam.system() 5= sts kS Fo]H AR 2 ¥kEs] of gt} o] A& pyLong_FromLong ()

458 AHg o] o] o] Tk,

[return PyLong_FromLong (sts) ; }
o] A%, B AAE WHAFUTH (o, AT A stol oA = 3 Y AR P H)

83 AAZ WEFA G C ﬂT(m £ st B4 7 9.0, ST sho] M B4t None & W
af oF itk ¥ A & Eﬂ 0] #7722t} (Py_RETURN_NONE M| 22 2 3 FH Yth:

Py_INCREF (Py_None) ;
return Py_None;

Py_None2 E4 1}o|H A None?] C o] &S YUt} oA H =0, thFEE2] A3 o A “of| 27 & =51 =
NULL 3Z 91§} 7} o} g A%} 3ho] % A A Yt}
21.4 T E°| HAE E|0|E1} =7|8} &

gho]x 22 I A] spam_system() 0] O] BA EEH =X B FATHY FEPFUTH WA, A=
gl o] B o o] 23} F4E g of gk

static PyMethodDef spam_methods([] = {

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

{NULL, NULL, 0, NULL} /* Sentinel */
bi
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static struct PyModuleDef spam_module = {

.m_methods = spam_methods,

bi

A, o] FERAE BEY 2718 F5olA AEzelHE AgE ook YUtk 2718 B9 o] B
PyInit_name () | o of FUITh o1 7|4 name& BES] ol Golv], B E v F) @ AT 1] static
a5 o] of of g ch:

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

A

o

}

tlo
e]

PyMODINIT FUNC~‘—‘- 31_,_;_ PyObject *WIZlg o7 MASIY, ZPZ o BRI EFFHIa AN
o, C++9] 35 & extern "c"E A AZ o] {4 A L.

PyInit_spam() is called 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(&confiqg);

/* Py_Initialize gF°l “iE L& F er-I=t +/

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

/* Ty ASEEESE argv(o] & JEECIS 2/
status = PyConfig_ SetBytesString (&config, &config.program_name, argv[0]);
if (PyStatus_Exception (status)) {

goto exception;

(TH5 sl oA ol A%)
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(o] sl o] A ol A AI)

A A R -

ol ST =N, MY CA= vt e+
status = Py_InitializeFromConfig(&config);
if (PyStatus_Exception(status)) {

goto exception;

I3
PyConfig_Clear (&configqg);

J+ MeEixles age 9IS Cost; m L
ST 2=t YJEEY SN Y=g

AL F A A/
PyObject *pmodule = PyImport_ImportModule ("span");
if (!pmodule) {

PyErr_Print ();

fprintf (stderr, "Error: could not import module 'spam'\n");
}
V220 Bl e B it ol BRIV i vl
return 0;
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).

J

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

2.1.5 Huolela 213
Mz B4 Aes) Aol ot & F 44 Aol 6 gtk Akt shold At P,
$4 2RE ABY, AR AT A 280 B TE 5 219 ko] ge gepd + Atk 4
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WAL ez el HE Al WEs ok St € £AE, o AL §UsoA e Gk 452
F 22 91 Z 9] Modules/ YA E o 3} (o] & £ 0] spammodule.c)S =11, Modules/Setup.local
ol o 29 3L S 75t S E S FUSHA Al 2
[spam spammodule.o J

a8 H 49 g A E o A makeE A 33t AEH Z B EHE thA] A=A A L. Modules/ A H T HH
2] o A make & A3 = YA 0 WA ‘make Makefile’ S A 3] 3}0] MakefileS TFA] W =3 oF T}
(o] 22 setup IS W Z T wfuir} D2
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[spam spammodule.o —-1X11 ]
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ST (54 £AaE YU 2 shol NS 2 3o w31 ) GG — B
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golH T TE6= d5Uth WA, stold 22 WL oA £ of gl A ol T4 AAE
A oF FUth o] & 98] T (& thE AEH ]2 E Al Fslok FUTh o] 7t a2 o, A
o MW (EE ool E7l°ﬂ 24 3 ojtoluh) ol o] g AA o] thek ZAHE A s Al L
(y_INCREF () 8| oF 3= Zlofl Fof U ). ol & 50, b= Fre ' B9 d7d = st

static PyObject *my_callback = NULL;

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

PyObject *result = NULL;

PyObject *temp;

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

Py_XINCREF (temp) ; /% M 2] ST FEE F PTRlsh 2/
Py _XDECREF (my_callback); /* °|T Z2ig =TI +/
my_callback = temp; /M o2 el 4/

/* "None" & UL 2 YW TEIAT 4/
Py_INCREF (Py_None) ;
result = Py_None;

}

return result;

}
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AE 7} ds5YtTh

Y=o, st+-2 &3 uf, C &4 PyObject_CallObject () % <

>‘o

m{w
o I
L
:L
31,
4
=2
rIr
é
1o
o,
)
_}l_,

A=, 5 doe «L}OV‘* A oAl T gt ZAE Juth: shol & T2} @ JZ}.EE 011}%%%%%2—-_"0]7}
A2k 4= JFF AA o ofF Futh 1A} glo] st A & S E e W, nuLL o Y ¥l FES A D34
dR=xe /;J/\LOL. Py_BuildValue () = XY EAldo] Z5

A% 3] Ate T &3, T e B
Abolell 07) o] ko] ZH FER FAE YL

o
==
EZ 0y
aT=E =

= m{m

int arg;
PyObject *arglist;
PyObject *result;
(Th= sl o] A of] Al%)
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(o] sl o] A ol A AI)

arg = 123;

/4 BT LEY NTYHT </
arglist = Py_BuildvValue (" (i)", arg);

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

PyObject_CallObject () & ¥} W 7“?1] EAHE wEFUT: o] AL JpolH T e g
YUl PyObject_CallObject ( AApe} At “Fx S FHAYULE o] dlodA=
PyObject_CallObject () & X@ Py DECREF () ¥ & A HF 08 AHGE A F&o] o zlsyTh
PyObject_CallObject () & W3 Zh2 “A| 27 Utk &4 a] MZS AH o) A} A2 347} =713 7| =
A A Q). whakA, xjo_ﬂ‘ o]l A gstel s 2ol obd & AL (3] 1 groll #A o] glujets A3E

Py_DECREF () &f o g1t}

22, o] B9g £ Aol B ol nuo] obd A Fes ok Fuith. T THE, shol A Bht
o Q& WA Al A ZE3 A YUt} pyobject_CallObject () = C Z =7} gfo] A Oﬂjﬂ TEHATH
O]Zﬂ gtol A T E A A ol 2] A E HESketo, ‘ﬂﬁgﬂﬂﬂie—ﬁ Efo]aE A stAY T =5t 3}

ol FETLAE YT S A=F T 14‘3]' o] A o] E7hs st A HiEA 61A] ¢k O |, pyErr_Clear ()

£ 3 &3] o2& Ao gt o

M
m[n

if (result == NULL)
return NULL; /* ©°I¥& 3 F | *~/
..use result...
Py_DECREF (result) ;

L e

\
q
o, 1%

N
ot

e, Sy
o

— =
40 AT A8 5 LT BE A2olt, 47 5
=)

. =1
207 ALY N EZ S ZAF oL =% g}gq t} o] E A st= 71 dsk vHH L py_Buildvalue ()
£ 3E0ke AdUth ol & S0, AF olWIE I =& ALste Y, thE Z=E A E o syt

PyObject *arglist;

arglist = Py_BuildValue (" (1)", eventcode);
result = PyObject_CallObject (my_callback, arglist);
Py_DECREF (arglist);
if (result == NULL)
return NULL; /* °I¥& E3F -|°F */
/* AT CrPFE result® AME YHISE *+/
Py_DECREF (result) ;

N

15, ofl 2] 3:73 { o Py_DECREF (arglist) 2] B X]of] §-o] 84 Al £.! T3 A
A Eol e Fo st Al py_Buildvalue () ol Pl 2] 7} F£-5E 5 9)o]

y
192 A8 A 2yonsece call) & AHB3] ANE A4} e B8 T 2=

) =
t}. 919 oo A9} 2o, py_Buildvalue () & AFR3le] 9V & AT

PyObject *dict;

=

=

&
<!

02 o fo

]

Lo o

2
2s
1=}

b

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

return NULL; /* ©°I¥& 3 F |5 */
/% A7 SFPrE result® AME YHISE </
Py_DECREF (result) ;
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2.1.7 EF S0l

PyArg_.

arg A= SHo| WA A C B2 ALS| &= 2} BSo] E FE 2 o of FuIth. formar A A= E 1)
A o] o oF 3F, B2 T}o] #/C API 3| H A 1 7L 9] arg-parsing o] A HE o] JAF5 Ytk WA
At 29 FAG ol Y5l Fo] 2R E HTY Faoq ok Th
PyArg_ParseTuple () = 5to] A QIA7} @ 75 &= FAA| FRISHA T T &0 ALdH CHF FAY {8
e FAF = YUtk A5 E 3, TS FERAY Holw v E Y 99 WEE Doj4 Ltk
TE Y 2B 9
BEANA ATHE BE oW AR Fx = el L borrowed) B2 FIFAAL; Bx D52
Z o] A mpA Al 2!
2 712 A 5 E:
#define PY SSIZE_T CLEAN
#include <Python.h>
int ok;
int i, j;
long k, 1;
const char *s;
Py_ssize_t size;
ok = PyArg_ParseTuple(args, ""); /* 2AX7TF A& =I=F +/
/el & o£() A/
ok = PyArg_ParseTuple(args, "s", &s); /* T2 »/
/* Ths T Tel™ 2% f('whoops!') */
ok = PyArg_ParseTuple(args, "1lls", &k, &1, &s); /* 5 7N long S *Q */
/* s T TFe|M 2 E . F(1, 2, 'three') */
ok = PyArg_ParseTuple (args, " (ii)s#", &i, &Jj, &s, &size);
/% int B3 BAHY, BAALY 2= W] 4/
/* Tt TelY 2% £((1, 2), 'three') */
{
const char *file;
const char *mode = "r";
int bufsize = 0;
ok = PyArg_ParseTuple (args, "s|si", &file, &mode, &bufsize);
/* BAA, 1= H¥eE B SR LA Fa o«
/% THe T EelN 1
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);
/e HAATIH G
(th sle] Aol Al%)
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CEERELEEES
/* e RN TE
f£((c0, 0), (400, 300)), (10, 10)) */

¥

{
Py_complex c;
ok = PyArg_ParseTuple (args, "D:myfunction", &c);
/* ma A O ST Y4 o2 E MBI YT 4/
/* s T TFeO|M T & myfunction(1+23) */

}

2.1.8 EE S QI3 7|9 DK

PyArg_ParseTupleAndKeywords () &= o2 ¢}7LO]A4°+914E+

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

arg 2} format " 7)) 4= PyArg_ParseTuple () &9 S LU T} kwdict Wi 7] W= o

ol Al A o) W Al A9 E G el Uk st ) AR v A2
ZHE Y nULL T8 HEYUTH ol 52 AZF A LEZ SR formard] B ZH L} AT T
PyArg_ParseTupleAndKeywords () = & WhEsla1, 22 %] ¢¢ow A A S vi3ksta 2 d 3t

AA AU

il

5

Mo o

o]
Al

ru[m:,d
_03: (e
Yo ofy ok

ot e

n:g_EL

L

<
il

0 Iz

719 E JAAE AT o T3
AGE WA TypeError = A A

TEEAE AU kwiistoll fl= 719 = w7 ATt

i)
oy it
Sl
il
ftlo

kd
*

T}-& £ Geoff Philbrick (philbrick@hks.com) 2] o] A & 7]4ko 2 3}, 7] 9 & & A&-31= oA ZE U )

#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;

(TH5 sl el Aol A)
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(o1 sl o] A ol A Al <5)
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)
{
return PyModuleDef_ Init (&keywdarg_module);

2.1.9 9|9 ¢S LF5YI
o] 3+ PyArg_ParseTuple () & Ri] U th th5 3 Zo] Adg Yt

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

)

PyArg_ParseTuple () A A H = 27} AR 29 9] oS A48k A Tk AR (F49] =8 o] o}
U geEeyrh = m)] B 7} oby gl g ghol o of Pt shol oA &3 C ol A HWHFM o
2 5k A 3ho] A A& Wk ot

PyArg_ParseTuple () 2] 3t 7}X] xpo] A: T 21= 3 HA| QX7 HEZo]o]of 51 A vk (F}o] A QA B2 &
FEUFHor FE22 2AH 7] WEYYTh, py_Buildvalue ) € 3G FES DESFA = 5T
E9 BAQo] E o149 T U9} EPR Aol W FES UEFUTE 29 EADo] vo] Jow
None-2 WA T A 88] Shtel 9 B9 F A, L A0] Zolol A o £ B 7 B A
AL MBFUTH 271740013 19 RES A2 HARES el H, 20 2L FI2 FOA L,
oAA (FEFE ZTZ0|a, LEFLS A7 sto] A ghrg U Th:
Py_Buildvalue ("") None
Py_Buildvalue ("i", 123) 123
Py Buildvalue ("iii", 123, 456, 789) (123, 456, 789)
Py_BuildvValue ("s", "hello") 'hello'
Py_Buildvalue ("y", "hello") b'hello'
Py_Buildvalue ("ss", "hello", "world") ('"hello', 'world')
Py_BuildvValue ("s#", "hello", 4) 'hell'
Py_BuildvValue ("y#", "hello", 4) b'hell!
Py_Buildvalue (" () ") ()
Py_Buildvalue (" (i)", 123) (123,)
Py_Buildvalue (" (ii)", 123, 456) (123, 456)
Py_Buildvalue (" (i,1i)", 123, 456) (123, 456)
Py _Buildvalue("[i,1i]", 123, 456) [123, 456]
Py_Buildvalue ("{s:i,s:i}",
"abc", 123, "def", 456) {'abc': 123, 'def': 456}

(TH5 sl el Aol A<)
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(e]A sl o] A ol A A<
Py_Buildvalue (" ((ii) (ii)) (ii)",
1, 2, 3, 4, 5, 6) (1, 2), (3, 4)), (5, 6))

2.1.10 £ X Sl

CL} C++ &} 22 Aol A, ol A W R 54 TF3 & sfA 8= 22 ii—“’—?ﬂ‘ﬂﬂ gy
CollA =, malloc()ﬂfree( FTE /\}ﬁﬁ}ﬂ 01 ZAAS FFFYUL CH+ol A=, A4 A new s delete
EEAFoZ T2 YuR ALHY = FuEs =9 & CY ASE ASsHAsUTh
malloc() 22 dQH & uﬂ_\?_ﬂ ‘E‘%S free () & &3] st W ié']'oi /‘]'“9* s “ﬂ g &2
Hkehs] of of Tt A Aol free ( EEE}— Aol T8 YLh EFe

=

ol

o
=

rl

B LT 7HE & AAlo] v s 327} ol ©7holl A4 wl F74ehaL, 227} 4D
S th 7HeE 7H00] E2ek, A o v uhA) e 27k AR Ao)x A7) A E YT

A5 718 2] 4= F (automatic garbage collection) ©) 2} Ut} (W] 2=, 2 3= M| 7| = 714 A
azﬂﬂfrﬂﬂe%mﬂﬂﬂﬂﬁwvggﬁ;uw)niﬂm1*@4ﬂ%%@@%
JHireon & BNAOE Y DA WeH: AT, (EUHE £939 o3¢ Sz
ﬂmﬁﬂﬂ%—ﬂaOﬂﬁﬂﬂﬂﬂﬂﬂuqu%%% 7335 o4 9
st 4= YA (T malloc() & free () S AR 4= Y= 3 FFol BT, AA=E
S A A% ANA 297 e AU A CE 93 149 9 A% b
Ak

A 7% AFII T,
= Q0 A-85
W0 H AL ) A4

zr<= o}, gt o)

Al % 3k o = 2l 0}

N2
=2
Ir

o=
B>
E.'_l r

%:5_%’3}1] dom Z2 o] F }—EE‘ EHVPZ] % R} A] &= v % ‘31%1413}. ol A<
| B2 2] Y= (memory leak) 2} 31 ?JHD} b o), ZE I o] EFof el free() E ZE2T thx E5S
A4 AHSEHE, ThE malloc () £35S E3 E5S ZH/\P%%‘EQJ FEO AP o] AL A H w2
AH-8- 817 (using freed memory) 2Fal U T 2 7]315 A ¢k& Ho|HE Fxote A 22 U 24345
ZFUT— Fo] G2, ZRE A3, v|aH g S E.

HEE Fo] kAl ARl FEE T AAAAA AEYULE A& o], ¥Ry EES
e, oW AL o ok, B85S thA Al S = U T o Al ol i sk & Abgho] W A of
e 2215 A= Astel gk AALE F7Hetal g7 2700 W2 Y= F Fuh o] 7]
228 P, 53] o Z=o] 2712w, FGE v R EEL A AL Ao g ] A5
Ytk ol gt 4t A e TF LA A FAHA FFUTH 8 EE2 A TE F2
HEZoAu o] 7oA, hRE] HA Alado = g2 7Y v R 7F oA, =5 gt TE AS
AHEShe Q8 A E = ZEA A TR e U T wheba, o]d /] ol g 29 FF ol
AgS B3 +7H2ASA] A= T 3k Ao T

gto] W& malloc () I free () & Wol ARS37] w2l W2 2] Fo A WE e AFHSS 38k A
gol] g3k AEHE WS FX 35 AN 7| (reference counting) 231 Ut A= gy ch &
2
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(ol ool

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.

Lo MollM FZ= Bl M7

Tx 349 %ﬂﬁﬂr A5 Aedte 7 79 W3 E py_INCREF (x) 9} P

Py_DECREF () 00 =23etd AA & A= Fuch FA8ES

3HA] gkEUTH— EH , A @ AA (type object) o Y= T EAEHE &3

71Ep = S8 B A‘Zﬂoﬂ—t—%H 3 AA o s ZAH = 23 Ut

oA & Aol FF Utk AA py_ INCREF x>-°JrPy DECREF (x) & AH& 3712 W=
§-_]__

AN ASUTE oL AAE o owns)” 344 FaUth | 22}, A4 o of
o

reference) & = Y5 Ut AA 2 Fx 3= oA °1 7—’.‘??1] of o
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2fAbE e F27F 2854 ¢S o] py DECREF () & T & of FUTh F2Y 2/ dS =T T
AUtk 278 F2E A& sk Al 7HA ol AUtk A9, A7 9 py DECREF () &, &3
F2E AEsA dod w2 F47 DA UWD}

A o 3 F2E W2l (borrow)” A% 7HsFUth 29 o o X} (borrower) = Py_DECREF () & & &
A=t YTh dofxte i%x}i\:‘rﬂ 2 AAE BRI E FFYUE &AFAT A ES
W F2E AN A W R E AT 9P o] JlojA A Tl oF FTh.

Fz Ao nnd o] A7) o]d 2 T=E Fo 753 BE FRAA FRE AT a7 itke
AUt — &, 482 Fx & /‘Pﬁﬁm z27] &5 A —‘F"A Aol flsyth &fskes Aol vl
HeEle 29 g2, 2RV e vt Z=AT U E AFA7MAAZE IR E AR Fo 14
FR7FAMEE £ Qe v B o] dth= A9 Ut

HE FxEpy INCREF () § 2E00] 278 Fx 2 AT ST ol 2 E UYL 274
ol FFE v A A ?%SHD}— MEEAFE FZREVEL FHAF 2FA A LS LAY (o] A
AFAHE T ob h Al AR FRE 2 A A E oF Fyh.

AR 2T B

Aoz ALY uvieh, £FTe) F2 A ALH LA 13A FLA L G4 A
s o]~ WA o] A Lk,

AA ] st FRE NG HEEY T4+ F2 A 4aFd4L A2F Yk 573,
PyLong_FromLong () ]} Py_Buildvalue () &} Z2 M AAE V=75 7N RE ST LFAS
FAZFN A AU TH A 7 DA R A A 7F ok E e, o 8] i AA ol ek A Fxo] AFA
< W5 UL & £9], PyLong_FromLong () = E3] AF&-5 &= 3t /A& F A8t ANA| & &5 o st

L
o ARl M AAE

U

FEE B2 5= 2o A 2afde AP, dE =

PyObject_GetAttrString(). ZE%\% ! 7FA] d H]—;G?_] *‘?‘%o] c’ﬂ-ﬂ o] 7] —E—Oﬂ g o] Uﬂ@-‘é‘]-xl ?g:
% Ut} PyTuple_GetItem(),PyList_GetItem(),PyDict_GetItem() & PyDict_GetItemString ()<

BEEZ g e rsguE oA U 222wk

PyImport_AddModule () T4 E AA = ulgtsls AAS s £ QAW A AR E vksdh o) A A o
3t 273 F2 7} sys.modules ol A= o] 917] wfFof 7Hs gt

AA F2E 2 z12“01] X*D““HH dtd o =R, e dyR oz Y FxEUHUY — FREAA
af| oF W, py_INCREF () & AF&-31] 5 2727 HUth o] iAo+ F 714 S8 427 dH Utk
PyTuple_SetItem () JJrPyLlst setItem(). o] FFEL ALEH FHof g £2/FAS ATt — A
Ao steetE! (PyDict_setItem() I L AFEX AFAS 2] s

Carl ol 22 o, SEXZHE 2 AX s F2E AP Ut &A=
z‘é% AF317] w2, %_‘Fd IR 313 3l
B AY AEs)| ofF & uf ¥k Py INCREF () & i%ﬂ@# AFoAZEE OE
lol oA TEH C oA Wistd AR 2= 473 Iz ook gUtt — 2FdL2 oA &4}
2 A yrch

T
|o
f

void
bug (PyObject *1list)
{
PyObject *item = PyList_GetItem(list, 0);
(th2 sle] Aol Al%)

2 3z 2 2] 7] (borrowing)” &5 3] Suh= ) gk AR AR o W3] B2 AHES A T e,

S RE G571 o4l A G E AL AHEHA vt 22 A% AAL AT A2 elo] 01& 5 2ol A thE A o)
AAEE £ 5T
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(o] sl o] A ol A AI)

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

o] St WA 1ist (o]0 T3 FRE WY ylist[1]= gH 022 vt o, wpA o 2 9 Fx

AR, B Hol A 2 ﬂﬂ%l%]maqw

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.

]

slolH oz ZAAE Y7 wlFEoll, _del () WAEE 49 ol T=EE AP 5 JdF Ytk 1A 9]
bug () XA itemol] st F2E FEE 3= ZAYS TS 5 271872 “iwwbug lzd%}%ﬂ
2ETL del () A E oA AM A 7HESTEAl 7HE S, del 1ist [0] 8] EFE F& ‘E%}% 213y st

Lo, ol Aol ol Ae] vl b dchn 4o, 245 2 e 22 Aok, el A
item Eifi,_LL]E+

—EXH%‘”% T U, 2 e deuth dAFCRE Fx S5 E EYAHAL. SHkE A Y
[ol el =

Py %qq.

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 A4 olok7] Uitk o] A WA o] Aol o] W19 WFo] T o} YOom Tk _der ()
|47 Ashah o] -8 Gohh7] As) C ol Aol A APe AHe Bl ek

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); /* S *x/
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NULL ZQIE

QutA oz, AH F2E AAE Aot Bt o EAHE ALY Ao Ajeix) onl, 19
1R 08 YU} (Ex o] 9] Fo] W B GuFhTh. A F2 2 WMAeE es diFo R
o 9] 7} A& LR 7] I3 A i g R o L ALE AALELA S ol RS ol
2% 2}Alo] HLe AR 2 T2 o] ATaly] bRt — 7 37 nunn S AALS O, =2 A A}
o] WAl Sl =7} A AdE U}

NULL Y = Qe A7 FAE u “aa” o kv AAEE Aol £5UTH dlE S0, malloc()
ojif o 2] & LA 5 Q= Tl Al

U} I 2 py_INCREF () &} Py_DECREF () = NULL Z A EHE AAsHA] ¢S5UTH — A5 159 ¥
Py_XINCREF () &} Py_XDECREF () —= &-¢13 ]t}

g8k gk Th— oA,
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st A= g AP TEE A Fote REG FeHo|JE BE o] o Ao R E4kE 5
AsyTh

o WS AEstE, e o5 =HEA ZVéﬁ}% Aol T2 YT} pyCapsule_New () <+ name
o] 7} ¥ (const char*)%ﬂ% Uth nuLL name& AEE ¢+ QAT o5& AR F s A
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53], CAPIE 370 3te tl AHg=E = fAg ol th= +F Holl whet o] 52 AR sl oF P th:

[modulename.attributename

1

3 AlFA CAPIE 4A 2= & 5 AT, e

H 9| &4 pycapsule_Import () & AHESH &S
S C API AF-& A}l A AHAl o] 2 & 3 F <5 o —%H}E

ool o] A3 AN W Wk 1FH U o] 54
APIZ} £33 o glthe 342 S

T o A& R RS Y RE FAA A Fe AL Bz, IR0 2 AgE =
2ol efe] ol 4G, A dol F void EAElo] o Ao 28 CAPLE AL (o] Ao
SR AU & AgFLch Eol Ao olH 1AL BES AEE SFACAPIEAHE A0
M= 28 AlFEUH FetoldE WES C AP A 2517 Qo] o] =28 SE57] v shd Bk

WREYE ZEL A 713 o9 span RES £33 AYUt) spam. system()%u T Cgloj B g
b_]"r system() = A TEA = @3, AAE+ o EFF AU T (71 ZE H P ol “spam”
F7eh= J/P Z2) pyspam_system() ¥FE TEF Y} ©] T4 pyspam_System() & TF2 &7

E%E W=y o

Ool-m
C)

S pyspam_System() & FH T C Froln, b BE AH} Zo] static 02 AAH IS Y TH

static int

PySpam_System (const char *command)

{
return system(command) ;

I3

spam_system () TF= AL SHA A F Ytk

N

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);

}

REY A F R A, The Z IR T1go]

[#include <Python.h> }

< % 22 v F7hs ok Tk
#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:

2.1. CL} C++Z m}lo|M =t&tst7| 21



Extending and Embedding Python, 22| A 3.14.0rc3

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;

J

PySpam_API+ static Q2 AAFYTH 218X O pyInit_spam() ] T2 T wfj ZAE 8] & o] ALt

A

Zd EEL 3|9 3Y spammodule.hol Yo, b3 5yt

#ifndef Py SPAMMODULE_H
#define Py_SPAMMODULE_H
#ifdef __ _cplusplus
extern "C" {

#endif

/* spammodule < 15 =2 */
/* C API functions */
#define PySpam System NUM O

#define PySpam_System RETURN int
#define PySpam_System PROTO (const char *command)

/* ¢ APT 2SS &4 */

#define PySpam_ API_pointers 1

#ifdef SPAM MODULE
/* °l AL spammodule.cT ZTST FHOATFE IS </

static PySpam_System_RETURN PySpam_System PySpam_System_ PROTO;

#else
/* °l S spammodule®| APIE MF e R ECIMN A2 E It 2/

static void **PySpam_ API;

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

/A A -1, dF M og WEEIST.

* PyCapsule_Import's CI1®7F A2 <A=E & F -l =r.
74

(TH= sl ol Aol A1)
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(o] A | o] A oA A A %)
static int
import_spam(wvoid)

{

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

}

#endif

#ifdef __ _cplusplus

s
#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;
}
/* additional initialization can happen here */
return 0;

—~

o] }12] %2 @L 7 spammodule.nz} T BAFSTHE AU Th e, 712 FRE YHYE
G5t ZobAl, @ wwk s53hd P Uk,

mAgo g Aeg 7752 AlEstn, 53] el AZE £UAH W2
St AlF A2 3ho] W/C APL & 3 A 2 vl 57 2 9] capsules A A3 A&
Include/pycapsule.hﬂ- Objects/pycapsule.c gd)o] A= JdFU )

P QE® P Th BE 4] SE L D WA g, A8 Ao of
A A o T2 ZPEReE A7) U ek

221 7|=

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” .

webd], A 3P 3o Selw, A @ AAE Bl ok gtk

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 #Fx

22, XS HMol5l7|: AHEM 23
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o] 70| EAISHE AL B A (static) TFBE A S AFH A PPYUrh R o) A
s of FLith C APIE 8 pyType Fromspec () B8 AHE3tel § T 3432 49 & 4 A5

ok, o] g Al oA & BHE A syt

#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
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},
// Just use this while using static types
{Py_mod_multiple_interpreters, Py _MOD_MULTIPLE_INTERPRETERS_NOT_SUPPORTED},
{0, NULL}
i

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,

bi

PyMODINIT_FUNC
PyInit_custom(wvoid)
{

return PyModuleDef_Init (&custom_module) ;

24 Chapter 2. H|Atx} =3 Q10| EH&t OHE 7|
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oAl g Wl wj ] of & Zo] WA, o] F} u] 3 Bl 7] Hhgyth o] 32 Al 7HAE e e
Yk

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.

AR A2

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 PyObJject, 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.

0 Iz

PyObject_HEAD | A E Flo|& AW E8°] YlUTh A4 2 F718tE Aol Tt 2 7 Hat

dele BT AU

22, A% YuA 02 BE pyobiect_neap FET 9o 27} 0B & AZEU o2 Sol, ¥

o] 4 floatsof] th3k Ao = th=3 25Ut

typedef struct {
PyObject_HEAD
double ob_fval;
} PyFloatObiject;

AN

= A A2 W AR gel Tk

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 3Ixn
A7 27 gh= B E PyTypeObject BEE UESHA| 1l D=9 AU A E A7 24 ¢dodd,
19k o] €99 /‘E‘rf"/l A 7 (designated) 2 7] 3}AFE AFR8hE A o] F5U T

object.holl = PyTypeobject o] AA A=Y Fojrtt o 2 2=& 25Ut YA
C AL G002 A A, BRAH ol PA A2 4B G Ao LukA

3 Wol @ BEA mw g gk
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[.ob_base = PyVarObject_ HEAD_INIT (NULL, O) }

o] 22 follA A3 ob_base BEE X7]3}5H7] 913 B4 48T A Uth

[.tp_name = "custom.Custom", ]

2] Wo] o 5. o] AL AAe] R WAL EAT QR o2 v A A o] Ve T o 2 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 custom. 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 = O,

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.

0 Fx

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, ]

BE G o] 448 Feh o] EFSNoF FUTh Aol € shol 33744 Fo B RE WS BT
Z7h W7t B2 5HH, SS9 18 OR 3 of Fuich

tp_doco] B9 HAEYL AT I

[.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 ().

[.tpfnew = PyType_GenericNew, }

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.
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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"])])

£ setup.py et ¥ ¥ o3 th

ftfo

[$ 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.

297 o HA g UTh 1A ohte?

£, @7 Custom F-2 712 T0)§A) ghrvivh dloe 7k @3 ob A% 344 Qs vh A u SRR
4 A5

2.2.2 7|z olld[oll ClOIE{Qt HIME FT}5}7

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, custom2 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 (PyObject *op)
{
CustomObject *self = (CustomObject *) op;
Py_XDECREF (self->first);
Py_XDECREF (self->last);
Py_TYPE (self)->tp_free(self);

(TH5 sl el Aol A)
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static PyObject *
Custom_new (PyTypeObject *type, PyObject *args, PyObject *kwds)
{

CustomObject *self;

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

if (self != NULL) {
self->first = Py_GetConstant (Py_CONSTANT_EMPTY_STR);
if (self->first == NULL) {

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

I3
return (PyObject *) self;

static int

Custom_init (PyObject *op, PyObject *args, PyObject *kwds)

{
CustomObject *self = (CustomObject *) op;
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), 0,
"last name"},
{"number", Py_T_INT, offsetof (CustomObject, number), O,
"custom number"},
{NULL} /* Sentinel */
bi

static PyObject *
Custom_name (PyObject *op, PyObject *Py_UNUSED (dummy) )

(TH5 sl el Aol A)
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CustomObject *self = (CustomObject *) op;

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", Custom_name, METH_NOARGS,
"Return the name, combining the first and last name"
}
{NULL} /* Sentinel */
bi

static PyTypeObject CustomType = {
.ob_base = PyVarObject_ HEAD_ INIT (NULL, O0)
.tp_name = "custom2.Custom",
PyDoc_STR("Custom objects"),
.tp_basicsize = sizeof (CustomObject),

.tp_doc =
.tp_itemsize = 0,
.tp_flags = Py_TPFLAGS_DEFAULT | Py TPFLAGS_BASETYPE,
.tp_new = Custom_new,
.tp_init = Custom_init,
.tp_dealloc = 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,

(TH5 sl el Aol A)
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.m_name = "custom2",

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

.m_slots = custom _module_slots,

bi

PyMODINIT_FUNC
PyInit_custom?2 (void)

{

return PyModuleDef_ Init (&custom_module) ;

ol W] gl o] 7k WA Aol Jsdth

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 AL e} 2] AAE YT

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

} CustomObject;

J

olA e & dlole 7t A7) wiEoll, AA dFt D Al ol &3l 5 AT oF Fuh H 4%, E
SiAl =7 28 gtk

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

o] tp_dealloc W o Y Yt}

[.tp_dealloc = Custom_dealloc, J

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

The explicit cast to CustomObject * above is needed because we defined Custom_dealloc to take a
PyObject * argument, as the tp_dealloc function pointer expects to receive a PyObject * argument.
By assigning to the tp_dealloc slot of a type, we declare that it can only be called with instances of our
CustomObject class, so the cast to (CustomObject *) is safe. This is object-oriented polymorphism, in C!

In existing code, or in previous versions of this tutorial, you might see similar functions take a pointer to the
subtype object structure (CustomObject *) directly, like this:

30 Chapter 2. H|&Hx} =3 10| EH&F OHE 7|
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Custom_dealloc (CustomObject *self)
{

Py_XDECREF (self->first);

Py_XDECREF (self->last);

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

.tp_dealloc = (destructor) Custom_dealloc,

J

This does the same thing on all architectures that CPython supports, but according to the C standard, it invokes
undefined behavior.

FEle A4 ol5 ol Rl FALE 27]3H =5 §taL A oA, tp_new 7H & Al 3 F Y th

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->1last PyUnicode_FromString("");
if (self->last == NULL) {

Py_DECREF (self) ;

return NULL;

}
self->number = 0;

}
return (PyObject *) self;

223 7S tp_new WH ol A gt

[.tp_new = Custom_new, }

The t p_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 A2EAZ HE= PJAH Fea7t Ad2dx 31 HH, WFEA] custonType ¥ B2+ (5 Y
th dol 328 ) A28 2E A7t A n), BEojd dA8AS e Aoz /iyt
tp_new A 217 G A A 719 = AAE Lol oA W, FF UAE FAISHAL AR A2 E 2713 (
9] tp_init U} 3ol W] _ init_ ) WA EoA FASF YT
0 3Ix
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If you are creating a co-operative tp_new (one that calls a base type’ s tp_new or __new__ () ), 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 (PyObject *op, PyObject *args, PyObject *kwds)

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

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

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

I3

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

}

return 0;

O)|AO R tp init TES A Yth

[.tp_init = Custom_init, J

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

But this would be risky. Our type doesn’ t restrict the type of the £irst member, so it could be any kind of object.
It could have a destructor that causes code to be executed that tries to access the first member; or that destructor
could detach the thread state and let arbitrary code run in other threads that accesses and modifies our object.
RS Aol HaL o] 7k Aoz RE 8 AAdS HEstr] A, $2le A 38 Fx TS £017]
Aol WWE ohAl th A Fuich Al ol 34 314 Shob B7p8?
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« when we know that deallocation of the object will neither detach the #iread state nor cause any calls back into

our type’ s code;
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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), O,
"last name"},

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

{NULL} /* Sentinel */

bi

183 tp_members E5 HYE ds Yk

[.tp_members = Custom_members, J
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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.

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

(Th= sl ol Aol A1)
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}

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

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):

o

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.

ojA MIMEE BT U A= o S TEofoF Tk

static PyMethodDef Custom_methods[] = {
{"name", 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)

J2]3 tp_methods 5 ] Y&}

[.tp_methods = Custom_methods, J

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, }

Werename 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:

[$ python -m pip install . }

2.2.3 H|I0|E| O{EZ|REE O MZSHA M0o{5}H7]

In this section, we’ 11 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.
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#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 wvoid
Custom_dealloc (PyObject *op)
{
CustomObject *self = (CustomObject *) op;
Py_XDECREF (self->first);
Py_XDECREF (self->last);
Py_TYPE (self) >tp_free(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 = Py_GetConstant (Py_CONSTANT_EMPTY_STR);
if (self->first == NULL) {

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

}
return (PyObject *) self;

static int

Custom_init (PyObject *op, PyObject *args, PyObject *kwds)

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

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

return -1;

if (first) H{

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

(TH5 sl el Aol A)
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Py_SETREF (self->last, Py_NewRef (last));
I3

return 0O;

}

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

bi

static PyObject *
Custom_getfirst (PyObject *op, wvoid *closure)
{
CustomObject *self = (CustomObject *) op;
return Py_NewRef (self->first);

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

static PyObject *

Custom_getlast (PyObject *op, void *closure)

{
CustomObject *self = (CustomObject *) op;
return Py_NewRef (self->last);

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

(TH5 sl el Aol A)
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return O;
}
static PyGetSetDef Custom_getsetters[] = {
{"first", Custom_getfirst, Custom_setfirst,
"first name", NULL},
{"last", Custom_getlast, Custom_setlast,
"last name", NULL},
{NULL} /* Sentinel */

bi

static PyObject *
Custom_name (PyObject *op,
{
CustomObject *self =
return PyUnicode_FromFormat ("%

(CustomObject *)

55",

op;

static PyMethodDef Custom_methods[] = {

{"name", Custom_name, METH_NOARGS,

"Return the name,
}l
{NULL}

/* Sentinel */

bi

static PyTypeObject CustomType = {

.ob_base = PyVarObject_ HEAD_INIT (NULL, O0)
.tp_name = "custom3.Custom",

.tp_doc = PyDoc_STR("Custom objects"),
.tp_basicsize = sizeof (CustomObject),
.tp_itemsize = 0,

.tp_flags = Py_TPFLAGS_DEFAULT |

.tp_new = Custom_new,

.tp_init = Custom_init,

.tp_dealloc = 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",

return -1;

return 0O;

static PyModuleDef Slot custom_module_slots|[]

{Py_mod_exec, custom_module_exec},

self->first,

(PyObject *)

PyObject *Py_UNUSED (dummy) )

self->1last);

combining the first and last name"

Py _TPFLAGS_BASETYPE,

&CustomType) < 0) |
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{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 (PyObject *op, wvoid *closure)

{
CustomObject *self = (CustomObject *) op;
Py_INCREF (self->first);
return self->first;

static int
Custom_setfirst (PyObject *op, PyObject *value, woid *closure)
{
CustomObject *self = (CustomObject *) op;
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 0O;

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 T2 Wl d& Tt

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

bi

8] tp getset EF° 5=

[.tpfgetset = Custom_getsetters,

)

PyGetSetDef 72| ¢] npA] g gk
A, nuLL Rk A2 o

L NENEEEE S R LS EEEER EL sl

Z FlolA A

T ERATIUL ©] AF, SEAE A

37 gpo}

static PyMemberDef Custom_members|[] = {

{"number", Py_T_INT, offsetof (CustomObject, number), 0,
"custom number"},
{NULL} /* Sentinel */

bi

T FALU ADEEE tp_init X 7] & A oF F )

static int
Custom_init (PyObject *op,
{

PyObject *args, PyObject *kwds)

CustomObject *self = (CustomObject *) op;
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) ;

I3

return 0;
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>>> 1 = []

>>> 1.append (1)

>>> 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;
PyObject *last;
int number;

} CustomObject;

/*

/* last name

first name */

*/

static int
Custom_traverse (PyObject *op,

{

visitproc visit,

void *argqg)

CustomObject *self = (CustomObject *) op;
Py _VISIT (self->first);
Py _VISIT (self->last);
return O;
}
static int
Custom_clear (PyObject *op)
{
CustomObject *self = (CustomObject *) op;
Py_CLEAR(self->first);
(Th= o] Aol A%)
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Py_CLEAR(self->last);
return 0O;

static void

Custom_dealloc (PyObject *op)

{
PyObject_GC_UnTrack (op) ;
(void) Custom_clear (op) ;
Py_TYPE (op) —>tp_free (op) ;

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

CustomObject *self;

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

if (self != NULL) {
self->first = Py_GetConstant (Py_CONSTANT_EMPTY_ STR);
if (self->first == NULL) {

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

I3
return (PyObject *) self;

static int

Custom_init (PyObject *op, PyObject *args, PyObject *kwds)

{
CustomObject *self = (CustomObject *) op;
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->1last, Py_NewRef (last));
}

return 0O;

static PyMemberDef Custom_members[] = {
{"number", Py_T_INT, offsetof (CustomObject, number), O,

(TH5 sl el Aol A)
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"custom number"},
{NULL} /* Sentinel */
bi

static PyObject *
Custom_getfirst (PyObject *op, wvoid *closure)
{
CustomObject *self = (CustomObject *) op;
return Py_NewRef (self->first);

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

static PyObject *

Custom_getlast (PyObject *op, wvoid *closure)

{
CustomObject *self = (CustomObject *) op;
return Py_NewRef (self->last);

static int
Custom_setlast (PyObject *op, PyObject *value, wvoid *closure)
{
CustomObject *self = (CustomObject *) op;
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 0O;

static PyGetSetDef Custom_getsetters[] = {
{"first", Custom_getfirst, Custom_setfirst,
"first name", NULL},
{"last", Custom_getlast, Custom_setlast,

(TH5 sl el Aol A)
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"last name", NULL},
{NULL} /* Sentinel */
bi

static PyObject *
Custom_name (PyObject *op, PyObject *Py_UNUSED (dummy) )
{

CustomObject *self = (CustomObject *) op;

return PyUnicode_FromFormat ("%S %S", self->first, self->last);
}
static PyMethodDef Custom_methods[] = {

{"name", Custom_name, METH_NOARGS,
"Return the name, combining the first and last name"
b
{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 = Custom_init,

.tp_dealloc = Custom_dealloc,

.tp_traverse = Custom_traverse,

.tp_clear = Custom_clear,

.tp_members = Custom_members,

.tp_methods = Custom_methods,

.tp_getset = Custom_getsetters,
bi

static int
custom_module_exec (PyObject *m)

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

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

return 0;

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

bi

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

.m_name = "customd",

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

.m_slots = custom_module_slots,

bi

PyMODINIT_FUNC
PyInit_custom4 (void)
{

return PyModuleDef_ Init (&custom_module) ;

A, EFA (traversal) WA &= <3 GC7} =319
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static int
Custom_traverse (PyObject *op, visitproc visit, woid *arg)
{
CustomObject *self = (CustomObject *) op;
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.

hol ® & visit T EEF A& 3Fet= py_visiT() WA RE AFF YTk py visiT() & AFS3HH,
Custom_traverseo| A LT IS 43T 4= Jd5Yth

static int
Custom_traverse (PyObject *op, visitproc visit, woid *arg)
{

CustomObject *self = (CustomObject *) op;

Py_VISIT (self->first);

Py_VISIT (self->last);

return 0;

0 Ix

Py _VISIT () & AFE3}8 W tp_traverse T HOA A QA R} o] &L visitT} arg 2 A 317 X A & oF gy

A, =&l A 5 e AE AAE Av= WAHEE A& oF T th
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static int

Custom_clear (PyObject *op)

{
CustomObject *self = (CustomObject *) op;
Py_CLEAR (self->first);
Py_CLEAR(self->1last);
return 0O;

Py _CLEAR() M| Z ARRo] £HSAHA 2. F2 345 S0l 4] P HolH 01 HHES A=
A 3 °P Az o NULLE A7 8t7) Aol o] E ] HEo| A py_xpECREF () & WAl TS F 2o,
OlEZRES B ATt o] ERREE T gl ZE(53] Fx &80l loW)E A 358 754 ©]
Asd T

0 Fxn

Th& 3 o] A4 sto] py_crEar () & ol E# o)A

PyObject *tmp;

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

]
-+
%0
fy
T
T

I8HE, AESREE AA T uff G4 py_CLEAR() E AFESHZ17HE A f3 o7 A5 Utk AX
& AN AL H HEE A =8HA] nhg Al L

a3 Al 7] Custom_dealloc& OJEZREE A2 uf 499 FI=E5 52T 5 AFUh ol &+
HMW T GC7tEHA E + dw2 g dUth GCx Fx A57100] o et 7FAsh7] w2 o,
AW E A7) Aol PYOb]eCt_GC_UnTIa 0= Z=&35to] GCoAlA AAE F4 s Al ef oF Gtk th52
PyObject_GC_UnTrack () ¥ Custom_clear & AFE 3o} THA] £ & & S| Al 7] 4 Yt}
static void
Custom_dealloc (PyObject *op)
{
PyObject_GC_UnTrack (op) ;
(void) Custom_clear (op) ;
Py_TYPE (op) —>tp_free (op) ;
}
Finally, we add the py_TPFLAGS_HAVE_GC flag to the class flags:
[.tpiflags = Py_TPFLAGS_DEFAULT | Py_TPFLAGS_BASETYPE | Py TPFLAGS_HAVE_GC, }

A9 ot FHUTh AR A tp_allocolt tp_free A 7| & AP oW, 3 7H0 A A E 98
ol T oF FuTh thEE] G As o s Agd HAS AR FYTH
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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:

01&1/] 1’4— o] A Q3lpyTypedbject & GA AFEE 4= Qo] A,
E 7t o] 818t pyTypeobject TRAE 7317 o] H&

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

(TH5 sl el Aol A)
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>>> s.extend(s)

>>> print (len(s))

6

>>> print (s.increment ())
1

>>> print (s.increment ())
2

(o] sl o] A ol A AI)

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

typedef struct {
PyListObject list;
int state;

} SubListObject;

static PyObject *

SubList_increment (PyObject *op, PyObject *Py_UNUSED (dummy) )

{
SubListObject *self = (SubListObject *) op;
self->state++;
return PyLong_FromLong (self->state);

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

bi

static int
SubList_init (PyObject *op, PyObject *args, PyObject *kwds)
{

SubListObject *self = (SubListObject *) op;

if (PyList_Type.tp_init (op, args, kwds) < 0)

return -1;
self->state = 0;
return O;

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 = SubList_init,
.tp_methods = SubList_methods,
bi

static int

sublist_module_exec (PyObject *m)

{
SubListType.tp_base = &PyList_Type;
if (PyType_Ready (&SubListType) < 0) {

(TH5 sl el Aol A)
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return -1;

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

return 0O;

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

bi

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

.m_name = "sublist",

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

.m_slots = sublist_module_slots,

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;

SAY AN 28 wol e vlol 29 A T2 A A grolofok Gk AYMT Mol 2 G e

oju] FxA| 9] AlZ HEof pyobject HEAD () &

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

static int
SubList_init (PyObject *op, PyObject *args, PyObject *kwds)
{

SubListObject *self = (SubListObject *) op;

if (PyList_Type.tp_init (op, args, kwds) < 0)

return -1;
self->state = 0;
return 0;

We see above how to call through tothe __init__ () method of the base type.
o] ME & 127} Aol to_newS} tp_dealloc WHE ZE §L AT 0] Z 2T to_new A 2] 7]E
AAR tp_allocg AH&3te] 249 Uﬂ-‘?—ﬂ% TE A ‘ﬂ] ] S W7 AA tp_new s ZTE T}
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A2l S 2 o of gt

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
nymodiexecfuncﬁon

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 O;

PyType_Ready () 5 S&3}7] Aell, 3 T2 A ol tp_base EF°] A A oo FUt. 7]E F A3t
], PyType_GenericNew () & tp_alloc €% = AL T8+ st -wlo|aF 9 & 7} "“‘—T—%

gt

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

2.3 & Mol517]: o] 71X FH|

o
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o
W s el e ALgE & Q¥ BES} AR pyTypeobiect &) AL vtk

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

/* Methods to implement standard operations */

destructor tp_dealloc;

Py_ssize_t tp_vectorcall offset;

getattrfunc tp_getattr;

setattrfunc tp_setattr;

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

reprfunc tp_repr;

/* Method suites for standard classes */
PyNumberMethods *tp_as_number;
PySequenceMethods *tp_as_sequence;
PyMappingMethods *tp_as_mapping;

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

hashfunc tp_hash;
(th2 sle] Aol A%)
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(o] sl o] A ol A Al <5)
ternaryfunc tp_call;
reprfunc tp_str;
getattrofunc tp_getattro;
setattrofunc tp_setattro;

/* Functions to access object as input/output buffer */
PyBufferProcs *tp_as_buffer;

/* Flags to define presence of optional/expanded features */
unsigned long tp_flags;

const char *tp_doc; /* Documentation string */

/* Assigned meaning in release 2.0 */
/* call function for all accessible objects */
traverseproc tp_traverse;

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

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

/* weak reference enabler */
Py_ssize_t tp_weaklistoffset;

/* Iterators */
getiterfunc tp_iter;
iternextfunc tp_iternext;

/* Attribute descriptor and subclassing stuff */

PyMethodDef *tp_methods;

PyMemberDef *tp_members;

PyGetSetDef *tp_getset;

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

PyObject *tp_dict;

descrgetfunc tp_descr_get;

descrsetfunc tp_descr_set;

Py_ssize_t tp_dictoffset;

initproc tp_init;

allocfunc tp_alloc;

newfunc tp_new;

freefunc tp_free; /* Low-level free-memory routine */

inquiry tp_is_gc; /* For PyObject_IS_GC */

PyObject *tp_bases;

PyObject *tp_mro; /* method resolution order */

PyObject *tp_cache; /* no longer used */

void *tp_subclasses; /* for static builtin types this is an index */
PyObject *tp_weaklist; /* not used for static builtin types */
destructor tp_del;

/* Type attribute cache version tag. Added in version 2.6.
* If zero, the cache 1is invalid and must be initialized.
74
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unsigned int tp_version_tag;

destructor tp_finalize;
vectorcallfunc tp_vectorcall;

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

/* Number of tp_version_tag values used.
* Set to _Py ATTR CACHE_UNUSED if the attribute cache is
* disabled for this type (e.g. due to custom MRO entries).
* Otherwise, limited to MAX VERSIONS PER CLASS (defined elsewhere).
&4
uintlé6_t tp_versions_used;
} PyTypeObject;

J

oA WA =7} o Eg U th UF AASHA] v AL - A3t = o] Jlod, o] F IR FHET
Aol e et
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[const char *tp_name; /* A& & */ ]

Ho] o] % - o Aol A AFWE], o] AL o Fol A Vet Aol A B4 2%

Aol A =g o] DUE AL A5 Al 2

L

[Py_ssize_t tp_basicsize, tp_itemsize; /* 2T (allocation)® */ }

ol B o] ol A A7} vHEol A w) T v me) kS Aekdo] LeFUCH ol WS FhW Dol
ZAZBAL: BAY, F2)of v g AQS WAk g, ofu] tp_itemsize BET} Fof itk
ol e Lol ok A th

[const char *tp_doc; ]

o 7]of] Bo] W 2T HE 7 obj. _doc & FET FAEHS AL of HE FALG (Ee FAEY
)¢ 95 st
T = 5= T
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2.3.1 mlo|<da|~|o|Ma} shek SHA|

[destructor tp_dealloc; ]

of Fat We) dadae B2 A47100% 20|51 Fo| M AT E A 1AL ARES A &
S2 R deie) Fof AT Wzel 7 dAY A 7E e o] Yo, ol 7)o Y 4
15U AR AA % o] 71 A sl Ale of T o @4 o the3 2oyt

static void

newdatatype_dealloc (PyObject *op)

{
newdatatypeobject *self = (newdatatypeobject *) op;
free(self->obj_UnderlyingDatatypePtr) ;
Py_TYPE (self) >tp_free(self);

ol
:=4
—rr‘

Fol 7HA £ AE AW, 9 2= W =S A¢-7] Aol pyobject_GC_UnTrack () & Z&

ok
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static void

newdatatype_dealloc (PyObject *op)

{
newdatatypeobject *self = (newdatatypeobject *) op;
PyObject_GC_UnTrack (op) ;
Py_CLEAR (self->other_obj);

Py_TYPE (self) >tp_free(self);

ﬂ‘j”ﬂzﬂ 5o T8 2T AF F St AR T A9 E AUE dA Fojok stk AY YTt

Ve 2l B} shol M A8 S 5 742 1) B S A 1 AF 55 ) WEe] F 23Uk 28 0] (44
01 Wgho] ob) ol 9] = <13 742 u), & A 7|7} ol 9l 7k ol v] A AE o] YL L UEE B
AL FRAT S AT A BT B HA 71 S 27 shol W 7= AW 5 IS e
#7232 o9l 4RH A E BT 5 AT o= Al zeel ) EFHES U S Yo,
o] & WAt S HFE WH 2 SR §E& 2 A E T Mol AF S s AGst HEHW
B A= A YU th pyErr_Fetch () & PyErr_Restore () &5E AFE5to] 4388 4~ A5 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;

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

cbresult = PyObject_CallNoArgs (self->my_callback);
if (cbresult == NULL) {
PyErr_WriteUnraisable (self->my_callback);
}
else {
Py_DECREF (cbresult) ;

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

Py_DECREF (self->my_callback);

}
Py_TYPE (self) >tp_free(self);

0 3z
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F WA EE AHEStE Aol FEUH-

L o

2.3. &S ™olsh7]: o] 7K F=H| 51



Extending and Embedding Python, Z!2|A 3.14.0rc3

e ] B

PEP 442 A| =& shol d el Ao A A A S AW

232 My B
sholdol A, AA Y BlAE VS AYSE F A4 ol AFUTE repr( S str() B
(orint ) B4 WA sts (2 B2 o] Mo ES BE A9 AL,

reprfunc tp_repr;
reprfunc tp_str;

tp_repr A2)7]E BEW 220 BHL TPSHE BAD AR WS of Uk L 2D

o Y ek

r

static PyObject *
newdatatype_repr (PyObject *op)
{
newdatatypeobject *self = (newdatatypeobject *) op;
return PyUnicode_FromFormat ("Repr-ified newdatatype{{size:%d}}",
self->o0bj_UnderlyingDatatypePtr->size);

tp_repr A 2| 7|7F A/ G A o, AB 22| Bl& F 9 tp_naned} AA 9] IF AE e AHgotE £

= Ao

tp_sex Ael71% ex 0 o S AL el AR 1o rep: A2719 repr ) 9] BASk L A
QUTh =, ol 8 DS AR AABANN sex() L BT W EERUCE FAL cp_repr B4}
% GASA, A3 EADE Aol 48071 A8 AU co_ete s ABA OB, 1o repr

A2l 717k oAl AFE R U o
oo Zreke o g uth

static PyObject *
newdatatype_str (PyObject *op)
{
newdatatypeobject *self = (newdatatypeobject *) op;
return PyUnicode_FromFormat ("Stringified newdatatype{{size:%d}}",
self->0obj_UnderlyingDatatypePtr->size);

2.3.3 O|EZ|EE B3|
NEFHEE XYT 4 = BE AAo tsl], T F2 AJEEHE7 AA S = (resolved) WH S Al o
Sh 92 AT oL FUILH oS RES AW 5 Yt B2 (A7 A H o] YThE), ol =) HES
QAL T (o B el e Aol HBTLIR) 7} SloloF FLITh o el HE A AL EH e 50
o], %] 2] 7] ol 78% A grel nuzL Y

o] ML F ] o EB|HE A7 AAFPUThH A EFREE AWt F-2 49 vk st
BUth Aol 2 3L AEZRE o|FE char* 2 H 31, TFE 42 pyobject* & WolEATh=

Atk 2 e TAY Aol B ARB AL AT F AU

getattrfunc tp_getattr; /* char * S| =/
setattrfunc tp_setattr;

Vi S/

getattrofunc tp_getattro; /* PyObject * "7 */

setattrofunc tp_setattro;
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PyType_Ready () 7} £& 2 uf, 3 AA| 7} &2 3t= 3719 H ol ES AHE-31e] B AR 9 g of v x|
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struct PyMethodDef *tp_methods;
struct PyMemberDef *tp_members;
struct PyGetSetDef *tp_getset;

ohe

rlo

tp_methods 7} NULL O] o} ™, PyMethodDef -+ A 2] Wi E& Fx 3l oF T th Hl o] £ 7+ &5

F2A 2] d2EAYYTH

typedef struct PyMethodDef ({

const char *ml_name; /* M E 9lg */
PyCFunction ml_meth; Jx 3 2E o/
int ml_flags; /* BRI */
const char *ml_doc; ==

} PyMethodDef;

J
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typedef struct PyMemberDef ({
const char *name;

int type;
int offset;
int flags;

const char *doc;
} PyMemberDef;
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tp_members B O] &-& AFE3Fo] A A7k AMSE = UAIHEHE =1—?'5PL 29 &1 o] L& o]
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static PyObject *
newdatatype_getattr (PyObject *op, char *name)
{

newdatatypeobject *self = (newdatatypeobject *) op;

if (strcmp (name, "data") == 0) {

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

return NULL;
I
tp_setattr B 7] = Y2 AAHAY _ setattr_ () °]Y__delattr_ () HIAEZISESE u] 5=
HUth o EREE AAIs) oF 5HH, Al A w7} W= nunno] HUoh the @3] o 9 & A
A7l el Utk o] Zo] AR ofgfio] Yok A2, tp_setattr H#] 7] nunL® A H o] of
o
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static int

newdatatype_setattr (PyObject *op, char *name, PyObject *v)
{

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

, hame) ;
return -1;
}
2.3.4 A H|n
[richcmpfunc tp_richcompare; }
tp_richcompare A 2|7 N7t 22 o T&HUTh 1t () & 2L FFIT UL WA= s

] ko) e

St F 7hY Tho W A e} AAALE AALE AFE-3e] EEF YT o 7] A A= py_EQ, Py_NE,
Py_LE, Py_GE, Py_LT =+ Py _GT & St YU th AAH AR F AA| & v 2L 8tal v 2o *”—6}“1
Py_Truel Py_False g, Hl 7} F+HH A ggtom thE AR Y vlm WA EE A =8 o sttt A=
UEFY 21 1 Py_NotImplemented &, 2] 7} A = W nuLL & WHEHS) of EuTh

Y3 2] 277 2w 2rha sk dlol g et 4% T AL BeT 2otk

S}, PyObject_RichCompare () £F PyObject_RichCompareBool () ol A= T =% Ut}
}
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static PyObject *
newdatatype_richcmp (PyObject *1lhs, PyObject *rhs, int op)
{
newdatatypeobject *objl = (newdatatypeobject *) lhs;
newdatatypeobject *obj2 = (newdatatypeobject *) rhs;
PyObject *result;
int ¢, sizel, size2;

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

newdatatype omitted */

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

switch (op) {

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

}
result = ¢ ? Py_True : Py_False;
return Py_NewRef (result);

ol 0 ¢ TR 24 m 2 & AAGUT |2 A 128 AT A A3 = 2AA

ol st T4+ AE | o] & T ThE Fol & M 7)o o FEAFUTH 53], X W E A A
ZZEZ2 ASHEE FJolAo dBAF UL U 22 EF 2 A 7] Xl upg} F71E Al E HD} 3
%1544 ol g fﬁﬂﬂ FEo ﬂ%—'}%giifij—fﬂ A olAZ2EZL Y AA 7 Fx3= A8 A A7)
AN Z2EZ9 ¢ Uﬂ‘ﬂ 3 A A %“J o] o, &xo] EAstar <

|EE €5 #olnuino] ofd&
LHER A }*HD} ﬂ% =&Y EANE UrEME% ’S’ﬁ%‘ 4 AA T EF2 o A3 A A &
= AFUTh)

Ml?
= M

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

o 2ol AR A} ;\] A=y AANAYE A5 E 589, C3 PyNumberMethods,
PySequenceMethods E+ PyMappingMethods & Z+Z¢ ?—?ﬂé‘]——“—:— FZAY FL2E AT YL) o X

AT AR o AP AL A Be] AQYUrh shol M & WhES] objects T E o] A o]
Z27ke] AH§ o 22 4 A% yth

[hashfunc tp_hash;

ol Zo] Alst7| 2 A- I, o] e HlolH B9 dadxol vl siA] AHE Rbsdel oF gy o
o2 s o gtk

static Py_hash_t
newdatatype_hash (PyObject *op)
{
newdatatypeobject *self = (newdatatypeobject *) op;
(Th2 sl o] A of] A%
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(o] A | o] A oA A A %)
Py_hash_t result;

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

}

return result;

o
Al 3l

s =
2514 o}

Hsh= Hl o) o
Aol 3532 ulf vt

Py_hash_t+ Z3Z o u}z}

= P YUt tp_hasholl A -1 vHEksH
FEAS A, 9] eF Zo] s A] Al

52 Zo)3 of g,

] 2~
o
o}

[ternaryfunc tp_call;

ol g HolHPY dxadAV“EE2” D uf SEHUYTH A& £9],obj1o] HoHF Y AaE A0]
gto]H AT HE| objl(*hello') 7F 2 o] QIO WH tp_call A 7|7t Z&H Ut
o] = Al i JIAFE H Y th
1. self = T Zo Aol tole g 9] AA2E AU 29| objl('hello') ], self+= objl Y YT}
2. argse= TE° 3t AAE ZA8= FE YU PyArg_ParseTuple () & A& JIALE 5
F IdsYth

3. kwds= A= 71 Yt ozt g gyttt oA

o] nuLL ©] °oFY L

A= ARE A A3

PyArg_ParseTupleAndKeywords (

)2 AHg 3ol AL

FEUN 0. AAE AAE A LA %

aL o] Z o] NuLL ©] o} M,

71 = ?_]Z]—7]— A AF A eF=thE WA X &} 7| TypeError & WA Al 7]

HAS

oz e 25U

tp_call +8 &

static PyObject *
newdatatype_call (PyObject *op,
{

PyObject *args, PyObject *kwds)

newdatatypeobject *self =
PyObject *result;
const char *argl;

(newdatatypeobject *) op;

const char *arg2;
const char *arg3;
if (!PyArg_ParseTuple (args,
return NULL;

"sss:call", &argl, &arg2, &arg3)) A

I3
result = PyUnicode_FromFormat (
[5d]

self->obj_UnderlyingDatatypePtr->size,

"Returning —-- value: argl: [%$s] arg2:

argl, arg2, arg3);

return result;

/* SIS RIS 2/
getiterfunc tp_iter;

iternextfunc tp_iternext;

o] & olHd olE R EZ AU AFFUTE F A7 BF ZF9] st v W, S5 =
"Ji 2~ F }J—’— A F2E HEERY T o g7 A S, o 9] & A Sl nuLL = ‘?}%}OH oF gt
tp_iter— T}Fo]H _ iter_ () WA E o] | HStL, tp_iternext+ Fo]W _ next_ () WA Z O G

T

EE oHYE ']% olel e o] 8] A A E Wkl of St= tp_iter A 27| E F @S oF Fth thE2
Shol Wl Zejsols A 85t BF A AUk
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. e} el SR o E A HE AAT S Yt BAA (1 P2 FE) o) AL, tp_iterE TEY
oo} Af o) e el o] B 7} whE o] 2] 1 whekE] of of g Th
. 3T olE e o) =

iz
32
rr
f

o st 2L FRE
e oF gLtk
BE ole#o]H AR = tp_iter2tp_iternext & BF F & oF uith oEJ#| ] E 9] tp_iter A &
7E ol el ol Elo] thet A2 228 WA ok FUITE, to_iternext H2l71% o]l elo] 2] g A7
(ATHHA) of] th gk A} F2E whebaf oF Tt o]E gl o] o] o] EE5lH, tp_iternext & o2& A4
SHA] 93 nULLS WHEEEA U, nuLLS WS Aol Tl stoplterationS AR YHUTH S
SJelel Aol O FAHE 4 sith, AR ol el7h AT, tp_scernext £ A A2 T ARFL,
NULLZ WHEHs) oF gt

2
.?1_5
H
%0,
k
d
o
rlr
Y
o,
°
i)

e ] B

weakref 25O ook A A,

MA 7} FeHA FZ2E 4+ Yo, A3 o] tp_flags =9 Py _TPFLAGS_MANAGED WEAKREF H|EE
A7 oF Futh H AA| tp_weaklistoffset BEF= 02 E {F A& of of gt

TARCR, Aoz AdE B A+ ol APtk

static PyTypeObject TrivialType = {
PyVarObject_ HEAD_INIT (NULL, O0)
/% .0 Fdde AN SEE StR BINIE ... 2/
.tp_flags = Py_TPFLAGS_MANAGED_WEAKREF | ...,
bi

F LS F7F AL tp_dealloc©] (PyObject_ClearWeakRefs () & S &3t0]) B E I3l IR E A2
227} Yok AU ek

static void

Trivial_dealloc (PyObject *op)

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

2.3.7 FII N2t

A Hlo e g ol & )
A2 o] 5 thg, C 42 A A ep_of A3}
T @3t

AN L.
=

AFEE ‘—r"ﬁ]'/?:} }\]9_. Objects E]
2 (el & 9], tp_richcompare) <

=4
AAZF A TA P 74 A2D AR FAs) oF 841, pyobject_TypeCheck () &8 AHE I AL L.
AR ol v 25y

if (!PyObject_TypeCheck (some_object, &MyType)) A
PyErr_SetString (PyExc_TypeError, "arg #1 not a mything");
return NULL;
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& o 27
CPython 22 Y| A& T} 2 E314 A L.
https://www.python.org/downloads/source/

GitHub 2] CPython = 2 A E  CPython £~ A FE7} 7t s = 3L,
https://github.com/python/cpython

2.4 C2} C++ =2 HIE G} 7|
A C extension for CPython is a shared library (for example, a . so file on Linux, .pyd on Windows), which exports

an initialization function.

See extension-modules for details.

2.4.1 setuptoolsZ C2} C++ EHZ HIE 517

Building, packaging and distributing extension modules is best done with third-party tools, and is out of scope of this
document. One suitable tool is Setuptools, whose documentation can be found at https://setuptools.pypa.io/en/latest/
setuptools.html.

The distutils module, which was included in the standard library until Python 3.12, is now maintained as part of
Setuptools.

o] %ol Al = Microsoft Visual C++5 A&-3to] mlold § A& g R ES The & S ek 41
skaL, o] B REQ ZF Ao th e Hoh A af B HEE AFF U AW A8 £ stold e
HAEste (S SE e 220 mo FHAG AR RFA ATHACZ IE T S Yoz
Eglo] Al el B4l Ae 2 Z2aefv] BFA F8 3t
BE AAE FF RES Ut o] AMd A dwshe 2 thAl distutils 2 H4]& A S 2ol £
Fyrth stol S D st vl AMSE C 3187 o] 18] 23t} 25 Microsoft Visual C++ Y ot
0 Ixn
o] Fell A ARPH To] W WA WS E Tt o8] T o] 5 AFFUTh o] Y o] F2 xy
Eushd vid wa e gAYtk AR, 'x' & F(major) WA AF o] v & o] FY 5
sto] & w22} F (minor) A WS YUth oA E Eof, gho] 4 2218 AR, xv & AAZE 227

dEste F 7HA "2 ol J5 U setuptools 7 A E
ARgStol e Z2 A AE Alo]stA o7 Ayt setuptools {2 W -2 oA 2
253U th setuptools & AMEEHY S R 5 W ESHAL 3 7] A ok W oll o gt A -2 seuprools =
Cot C++ M E=str]of QlsUth 5o A4 e kol iokd, winsound £F gho]H 2 2] 259
Z2AE S AFste Ao =&l € AUt

252 QUAL A=L29| x}0|H

FY29 AL TEY APAZF 2o FAF G2 A AL S P FHOR 2E T 5
e BES WES D AR5 Ao, A28 25 $4 Ga gojok g h

Fozol M, B4 LHAL ((s0) FLL 2 IR AT LES X2 I RNA RS A0 g
o dolH Y o] 52 UL stdo] Zz o] YT W, 3o ol gl 49 Hlol el



https://www.python.org/downloads/source/
https://github.com/python/cpython
https://setuptools.pypa.io/en/latest/setuptools.html
https://setuptools.pypa.io/en/latest/setuptools.html
https://github.com/python/cpython/tree/3.14/PCbuild/winsound.vcxproj

Extending and Embedding Python, 2!2|A 3.14.0rc3

REZFR7I IS o E 7R Fol A H e 22O A e AR HAE 77| =5 WA F U
oL 7 EAoR FI APt

A=A, T4 A2 gtolB & g (.d11) st ol = e ¢ (dangling) =7} 5 U th thAl, it o]
Efof] tf 3t AN 2= Z= H| o] £ (lookup table) & F3)| o] Fo] Ut} whelA DLL T == —LEJE‘L/] 2 Rsl
& Fxo =T AP Aol =38 E %37]'04)\‘4‘3} EH/\],-?’—EL‘ olw] DLLY] ¥z Eﬂ ol &= ARg-kaL
AL, AP A 7kol] Fx H o] Bo] ot HlolHE 7t 7| =5 A F YT

frezols, @7HA 3 9 ghelBelg] 3 (.a) v Y=, 04?4 QBAE 3A(.0)o =7t P YTh
T LEAE 51 (.so)s W7 AT HI DANA, BAE AEAT BYH -ﬂﬂ% & s
LA ¢ st A= gholBeje]o L BAE stdoA 2255 FFUth 2Adstd, 1 LB AE
sYe] RE F=E 2P

A=olle, F 7HA 3¢ ehol B ], A A gholHejg|et X E ghol B g7} 5 U (§ U . 1ib
2l U th. A A 2ol B g e Y2 a A 25 Uth 228 0 23¢E I =7 5o dsUTh
YR E ghojHeje]= 7|2 Ao 54 AHA7F A A o]al DLLo] 2= uf 22 I 300 ) 8kA At
I HAE A7) A A EE /‘]‘ AUt webs A= A2 E ghojHej2]o] R E AHE5to] DLL
off A 2 AEAE /\]'“(1'5]'— Fx HOES AP UTh §8& 2oL} DLLe] F3E u,
YEE gho]H Y7} whEo]d ¢ %1/\14‘3]' o] 2L && =2 IOl DLLY A &5 AHE- Sk, ©] %9
XE DLLOJ| AH&-3fl oF Fu T

e ZEEZAE Fralokste, 7708 54 2= R B CE LI 7 AUt 2ol A =,
B.so%C.sool sl A= A. ag AGsA] gsUth ALt B C7F 42 A4l o] BEAMR S ZHA| 5 o
i 55?:6]'7“ AUtk dE oA, a.dllE BESHA 1ibE WEF YT of 2] E2 B2 Coll tf 3
FAZA.1ibE AT FYUTh 2. libe IEE F—@'_]'Z] s UTH A3 Aol A9] FEof WA A6=

o AF2® A E e E kg

U o] 4], YEE o] 9212 & ABSHE AL import spand A AT W R Th o AL 2
B9 o) Zo] A AT 5 YEE AT, WE BARL WHEA & FHUTE 92014, ehol 1 2] 9}
S2SHE AL fron span nport *Sh B M ST UTH WE S HAES BE LU

Py_NO_LINK_LIB
Turn off the implicit, #pragma-based linkage with the Python library, performed inside CPython header files.

Added in version 3.14.

2.5.3 DLLE AWMIZ AF2S51H7|

A= 7ho] /-2 Microsoft Visual C++=Z W EF Q5 Uth th2 A4y & AHEot= A2 5848 o5
A TFA hE FE JFUTh o A YA RE2 MSVC++°ﬂ“ s o

When creating DLLs in Windows, you can use the CPython library in two ways:

1. By default, inclusion of PC/pyconfig.h directly or via Python.h triggers an implicit, configure-aware link
with the library. The header file chooses pythonXy_d.1lib for Debug, pythonXy.1lib for Release, and
pythonXx.1lib for Release with the Limited API enabled.

To build two DLLs, spam and ni (which uses C functions found in spam), you could use these commands:

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

The first command created three files: spam.ob7j, spam.dll and spam.lib. Spam.dll does not contain
any Python functions (such as PyArg_ParseTuple () ), but it does know how to find the Python code thanks
to the implicitly linked pythonXY.1lib.

2 ni.dll(Z2E A .obi e}t .1ib) S THE A HF YT spam3} o] A3 sl o A 2 g 3

o
=] <~ = o
S8 = wy S 4 syt

2. Manually by defining Py_NO_ 1.7NK_ 1,78 macro before including Python.h. You must pass pythonxy.1lib
to the linker.

To build two DLLs, spam and ni (which uses C functions found in spam), you could use these commands:
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cl /LD /DPy_NO_LINK_LIB /I/python/include spam.c ../libs/pythonXY.lib
cl /LD /DPy_NO_LINK_LIB /I/python/include ni.c spam.lib ../libs/pythonXY.lib

A AR HHFL M Y LS W= U5 YT spam.obi, spam dll ¥ spam.lib. Spam.dll< 3}
o] W &+ (7} pyArg_ParseTuple ()5S E 3R] LA pythonxy.lib &9 slo|H F =&
ey S 2 g
A HE S ni.d11(Z AL .obj &} . 1ib) & TS AF U TE spam P} ko] W A3 sk o A B2 3
BT e THE 23 Atk
RE AAE A2 B0l BR URUAL UG OE REG N Tdo] AUAE B 4
A A dt# ¥, void _declspec(dllexport) initspam(void) Y PyObject _declspec (dllexport)

*NlGetSpamData (void) A & _declspec (dllexport) =i /‘\jﬂﬁﬂ of 3t}

Developer Studio= 41 Zi]i ootA 42 W2 UXE glolH & HAY A A el ¢k 100KE
271tk | A2 A AW, 22 2AE AA B3} AA-S 53 ignore default libraries S A A 34 A £
QH}L msvcrtxx. llb = glo]lH B8] BE o 275 A L.
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ks %_1%6]’ ‘15‘:4’0155_ ?_]_EJE"-E]E%% ..12_7] S '5]'"5 A?J‘/]r/]' .v] ]‘ Py_Initialize() @"{F‘% i%é‘ﬂok
U stolmo] B3 2 RS Agete A8A 5Eo] YHULh 18 thg JEo] S8 m2 199
o F oA AH L E 2 TEE 5 ABUTH
Az EE B2 PPt g AX7 AEUTH: sold $3¢ TP AL
PyRun_sinplestring () o 1287, stdio 52 2 Q1B 9} 5 A8 (2] # A ol 4] 0] 4B ehE 3 &
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PyRun_SimpleFile ()
AR VED AT 5
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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%)
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(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)

64 Chapter 3. ] 2 & m2120l CPython ZEIZ LHZES}HT|




Extending and Embedding Python, 2!2|A 3.14.0rc3

(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)
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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
o] 2] ufo] A A x| 7+ (£3] A2 Tho] Mt of 2] Ho] A A AxpA3dl ufo] A 7)) E&E ¥ 5t ¥,
99 o ¢} ZFo] pythonx. v-config?d AH) A2 E AL&3= Aol FHYTH

[e)
o

9 WAL AEES N5 AEHA G (RE G2 A EAFAH AT e ugs A
e A9 e A g, B g el Al e AAAE o1 Ash/el o 8
-/] Makefile-»]- (Z2YAE 2oy sysconflg get_makefile_filename () &

e Ao Gtk olm, sysconfig RES o H2o] 2Hstele 74 #he 22N Y YR

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|
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APPENDIX A

o
20{%
>>>
tfste Ao 7|8 slojd 2F = E. Az oA P oz A 5 9= ZE oA A
245 95y
e 2e ASE e 4 Ay
e S22V H IEEEY FI=E YHET W], BS o] FE FEA (ZE, HZE, FEZF) ¢
2eg ddea), BzeolE A4 2o o5y Ao /B o) 2EEE
o The three dots form of the Ellipsis object.
abstract base class (34} wj| o] 2~ 2] *)
ZA A o] &~ EEH/\“ hasattr () 22 02 Haydso] EHSAY n|HHA Z5EH (& =9,
o 2] w A =) 5, AE V‘g Aol sh= Zﬂ*ﬂoi’/ﬂ g Elo] % & 243tk ABCE

7 AR :'EH)\g =3t=d, M s 74]—‘0']'?(] Qr O M A& isinstance () 2} issubclass ()
o osf ZAE = A= FH2EDUTH abc BE YA E HA L. ho] o= B2 W ABC 9|
gt = g3 22 A5 d5Yth AE X (collections.abc R EOA), A} (numbers

BEIA), 2EH (ioc EEIANA]), IXE A £ (importlib.abc EEOA]). abc EES
B A A TS ABCE BHE S Slgh

annotate function
A function that can be called to retrieve the annotations of an object. This function is accessible as the
__annotate__ attribute of functions, classes, and modules. Annotate functions are a subset of evaluate
functions.

annotation (o] €] o] A)
5ol met 9 GE 2 AASHE U, 2 s ojE e E
ol EYd Yt
Annotations of local variables cannot be accessed at runtime, but annotations of global variables, class at-

tributes, and functions can be retrieved by calling annotationlib.get_annotations () on modules,
classes, and functions, respectively.

rlr
i

Sl U ke e A4 e

See variable annotation, function annotation, PEP 484, PEP 526, and PEP 649, which describe this func-
tionality. Also see annotations-howto for best practices on working with annotations.

argument (212}
FTEITST Y T (EE M) 2 AGH = 3 7T 7Y dA7 s th
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719 & A3t (keyword argument): I T2 wf APE A7} ol F2 QAA} (] E 01, name=) =
**%%01 2 gMqyel g Ags = oAz
5+ BEF 719 E A Y Th

complex (real=3, imag=5) }

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

o A LA (positional argument): 7|9 T QA A7} obd Q2L 9 X QAASL QA BE S
Ue A ofH e L 9 ol » £ 2 A2 5 5 Ut A€ 5o, e 22 T2 3
Fs = 25 A AR U

‘complex(B, 5) J

complex (* (3, 5))

ol i dg et of v Aol -85 = +F 2=l thafl A= calls

ArHc B ko) ol F e A9 of 2
1 A0 A2 S 5 AFUTh PR ghol A9 WA

45 HAlR. BEHAeF, O?
ol ?J% S22
{01 o) w7 S FE T} FAQ AR 12k} w 7| M 4 9] 2po] 9} PEP 3625 H A &

asynchronous context manager (H]Eﬂ A~ #&) 2}
_aenter_ () & __aexit_ () (I EE ALY TS ZH async with ZoA] Hol&= A& A o3}
= 214 PEP 4922 S )5 o%Aqur

asynchronous generator (B8] 7] Al o] E{)

A5 7] Al el ol e ol B # o E § el FE §4. async def  JEE TRE F4LAY Ro|
£, async for LE} ALY S L e hE s nee yield £8 4 Egarie Hol
chE YT

HE 5] AV olE B5F el 714w, off Bl 1E ] A dolg ole e ol e &
AR g 5o o} BHEA %L A9, FAT ol B MM REFS AAUTh

B 5 7] AV d o8 g4t await XA AT} asyne for 3 asyne with & ¥

asynchronous generator iterator (H]5-7] A& o] €] o] €] #| o] €])
An object created by an asynchronous generator function.

4% 7] o] B @l o] B QB _anext__() & BE W ol 0|12 AR E BRI, o] AL TH yield
FR4] 717 5 7] A el ol o) uiT) & AT

Zhyields GAIH O 2 A& e, (AQ HEEHt 7] T2l try-
719Ut vl 7] Al el ol g olE g o8 7} _anext__() 7} B F
AN A, g oz B3t} PEP 4929} PEP 5255 H A S

asynchronous iterable (V] % 7] o]€]2] &)
async for oA AMEE & = AA. _aiter () WINEE HE 7] o|HEH ol & =8 F oF
ST PEP 492 2 = Y& 5 4Yth

asynchronous iterator (H]£ 7] o] €] | o] €])
_aiter_ () & _anext_ () MINEE FH3= AA. _anext_ () £ olSoJHE AAE =
] F oF Ut} async for+ StopAsyncIteration o] 7} WA S w71 2] v]E 7] o] ¥ @ o] 9
__anext__ () HINE7} 58 F = oldlo]EE& FUTh PEP 4928 cgﬂgi Yt}

attached thread state
A thread state that is active for the current OS thread.

]
4
X0,
ofy
<
kv

When a thread state is attached, the OS thread has access to the full Python C API and can safely invoke the
bytecode interpreter.

Unless a function explicitly notes otherwise, attempting to call the C API without an attached thread state will
result in a fatal error or undefined behavior. A thread state can be attached and detached explicitly by the
user through the C API, or implicitly by the runtime, including during blocking C calls and by the bytecode
interpreter in between calls.

On most builds of Python, having an attached thread state implies that the caller holds the GIL for the current
interpreter, so only one OS thread can have an attached thread state at a given moment. In free-threaded builds
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of Python, threads can concurrently hold an attached thread state, allowing for true parallelism of the bytecode
interpreter.

attribute (o] E 2] H
o ALH AR AB e o0 BT AN AHD gk oA Bol, A3 07h o] EHE

£ 79, 0.a X ™ FxE 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] 9J] o] €] &)
await T Ao AT £ 9= Ax).
Tt} PEP 4925 R A &.

BDFL
28] 2 -8 Al = 2] A} (Benevolent Dictator For Life), = Guido van Rossum, 3} o] 2 2] ZFA] =},

binary file (8} o] 11“/1 u}el)
Vol EQR AAEE 9T & 5 At 9 AAL wpolve) 5de] Az ol BE (s,

b EF_% Trbt!
GzipFile 4 OIAEHAE
o

8 o)t} _avaic__ () MAEE A AN D 5 A5

Ry

str AA & il &

borrowed reference (*J & %)
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 (W} o] & Q5 2 A))
bufferobjects & X Q32 C-A1< HIHE 22 E S JH5 UL o8 F % memoryv1ew A R
E 20|31l bytes, bytearray, array.array AA|ES T3t vlo]EEF AAEL v}
HolEE Bt of e 1A AaEel AHEE 4 TGH e A A
A% e AT deUth

o AAE2 Hpol e HolH 7 7 AL B2 7t d5UTh o]d Bl A¥AE FF “elal-

&ﬂﬂhm_%%ZJVEHIEQQ¢ﬁ+7PﬂﬂﬂZMM4ﬂELbWaumyﬂbWaumyJ
nenoryvien 7} A% e GE AL ol Holel} 24 A (47 48 oA

o W rfo

=
=
L1
5

M) ol AT T E 2 PIUTE o] @ AE9] o 2 bytes 9} byces AR nemoryview 7} A5
Ul

bytecode (H} o] E T &)
Sho] # &2x T E = Hpo] E T 2 75} 0], CPython 918 3 2] 6ol A] who] 4 = 7)o U3

FRGAU ) oI B T oye s A4 S, B TS S A AW o e A B
e (e ol 4 prel = I=2 0] A5 E 9% 2 AT, o] 52 2do]” & 7 ol = A=
0 gahe 742 Agats 714 7] 7] ol A AFEThT BE T Hlo]E FE= AR 2 sho] A
A AANN HEE A0 AhaA %, sho] A u) E o] A o] A= ghrk Ao Fo) 5 o
.

Hho] £ 5= o]

callable (£2] &)
A callable is an object that can be called, possibly with a set of arguments (see argument), with the following
syntax:

o BE 2 dis BE dAol Uyt

iy

[callable(arqumentl, argument2, 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.

7
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callback ()
o122 ALE L u|go o] A A A APE B ZE T
class (Z~)
/\]—32]—%4_4 i) j]%% 0=
=y AE 5L 233

class variable (2] A H4)

Szl B SUL FF (S, W2 Aa"H 2o A7} of e o ARt A H = W=

closure variable (22 ¥4)
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.

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
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 (&4 4*)
0l2=3} A A AElo] BAoly, RE fxw} Al
z;cﬂ 044 DM( 19] xﬂ*—“ﬂ% =3 A

ol s dog AU
TN Eir, FAA= = £7 ‘/]
L e e e d HARS 2o A 713
9, cmath & AHEJUTH B4 &8
shohal 7] A Zetohd, Aol &4 5] FAls| = S5t

?g;

context (A AE)
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 (A8l A E ) T2 EF)

The __enter_ () and __exit__ () methods called by the with statement. See PEP 343.
context manager (¥~ E #2] 2D
AEHAE el 22 EFS FHSL with FolA] Hol= 34 S Al o] et AA. PEP 3435 Fx 38t
Al }\] [e]
B a

context variable (&)l A E W)
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 (J<)
H 5 = A 88] C-A %5 (C-contiguous) ©) ALt ZE & A <5 (Fortran contiguous) 2 o) Q<021 o] A
Ut G398 ] =C-¢ ’\O]Uﬂ/ﬂ ZESF ALY A n Dol A, UL%%%HEOH A3t
0o A Al &3l 25 Ak E*"\«] AR W E g of v X] =] of of gtk TRk C-<A <5 vl Dol A,
Uﬂ g F49 AR FESS T of npA 2 AP A7 7w e] W o 6}1] v x2ES
S o=, A HA 01‘“’\7} 717 vk W3 T
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FFE2 AEFE] o dvistd FEiduch HEFE2 G A Yo A I YPshar thE A A ol A
2P T2 o7 & AR AYstka, %5}1, ANE 4 A5 U o] AEL2 asyne
def BOo 7 3T 4 55U PEP 4928 2 A Q.

A7 AAE EHFE T ZTFH T4+ async def w22 HYF £ 93, await async
for@async with 7| =5 23T 4 J5UTh o] AE2 PEP 492 o] oo =45 55Ut

CPython
spold =2 e Aoje] FHA A L&A, python.orgoll A ¥ = Yt} o] &S Jython ©] L}
IronPython ¥} Z+-& th& AES% #3271 9l& uf & “CPython” o] A& Ut}

current context (3 ] AE 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.

cyclic isolate
A subgroup of one or more objects that reference each other in a reference cycle, but are not referenced by
objects outside the group. The goal of the cyclic garbage collector is to identify these groups and break the
reference cycles so that the memory can be reclaimed.

decorator (¢ Z &) o] €])
245 EHFTE G5, X5 eurapper EHS A5 S HE o7 AL Ut dZ
olE] 2] &3l o= classmethod () ¥} staticmethod () ¥Y

s ol e B BA A BHY BYUTh TS F F5 A e v oz TSPk

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

@staticmethod
def f (arqg):

2o Agel Fu 2ol w EARAT, @ A% AU tlmd ol elol Bl e o A U §S T
ol ok Zehs Ao o BYAE HE Uk

descriptor (t] 23 ¥ E-])
HAE _ get_ () o]y __set_ () o]} __delete_ ()
ﬂ*i%lﬂo‘ffﬂ 01 ZHE X3 &= 58T A2 AL dogyrh 2%, abE AW 2A,
AbA S AHE R o, oS FEl A A oA b 2t 1% Ax 7“Xﬂa Sk sHA R b7}
E]/\i%Ei yF et daa gy A= S Uth Ha 3%1’4‘2 o] 3l f= 21 3ol Kl o
st 42 o] OHJ a4, ¢, mAE, 22 HE, FHlA vAE, AHE HAE, 73 SEs Fx
T E2 7Y 7IRE olF L Y7 WEJUTH

H22 g E o] T =S o 8 APA & U182 descriptors U T2 T H B AFE ehl Aol g U Th

dictionary (9 241 2])
919] o] 7] = ghol| th-2 A 7] = A # u) & (associative array). 7]= __hash__ () &} __eq () FINEE
e BE QA7 E & AFUTh ol A sfAlzka FE YT
dictionary comprehension (5] A1) 2] 7 = 2] 3l A)
ol el Bol gt a4 AL} ARE Aelsty AFE TS G e
results = {n: n ** 2 for n in range(lO)}—% ]'n *x 201] UH-‘-{%%
= A A 3 o} comprehensions 2 ZZE 34 A] 2.
dictionary view (5 A4 2] )
dict.keys (), dict.values (), dict.items () WA 7t S8 F= A E =1
U o AEE A o] BB e A $E AR, &4t d B ol W

% 7@%6}& AA., S JEGHET}

o
10
a
v
AL
Ehs
ic
K
4z



https://peps.python.org/pep-0492/
https://peps.python.org/pep-0492/
https://www.python.org

Extending and Embedding Python, Z!2|A 3.14.0rc3

HEVIALE ST D HE BUD ALES HRAR Lisc (@icevien E A4S
=t} dict-viewsE H A &
docstring (52 E )

Ze, T, BEOA A A @808 Ve BAE B HE. 29 EZF A
A9k, Aspd ol g3 AAH | S F o] E
JNEZAAMS Tl AT+ Jdon2, AX Y AHAE ST FHAA F2 Y

duck-typing (2] €}o]3)
=HFE QEF o] A E VMR EA At AAY B BA e 22 W 289 A, O<b

AGAREEUTH (LBl A 3 ol A | #HAMThH, 12

lof B H o] AE A2FOEZN, & AAH ZEE TP A XS 5

doen FANS NI ds5UTh § BFo]l B2 type () O]t isinstance () & AR AAME

3k (SHAI %Y © BRo]sgo] =4k wo] A~ Zej~ 2 Bebd 4 ol s oF U th) thAled,

hasattr () AAFY EAFP Z 2 718

¢

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

EAFP
S &R b= 8 A& 1317 7F i ©} (Easier to ask for forgiveness than permission). ¢] &3] &
oM I AL, SHIE VUG o EBREY EAE 7HE e, 2 M o] ER W 9 E s
o] Zrstal w2 B2 HE tryStexcept 9 EAE S AP UL o] HIZH2 CeF S
WL%Sﬁﬂﬂﬁﬂ%&ﬁﬂLwnAqmqmmaqq

evaluate function

A function that can be called to evaluate a lazily evaluated attribute of an object, such as the value of type
aliases created with the t ype statement.

Ta:

expression (3 2])

ojE Fto 7 Fe A = FHAA 2 tpE U 33, A2 2 HE, o] §, o] EFHE
WA, A4 T3 22 S =T 29 84S Fol 28 AYYTh o8 B2 Ao}
HzHog REAdo FAHAES RFAA A2 obdUth while A, EHA S Z AMST = Q=
T 5ol AUtk Y =5 FFolar, x84 o] o gt

extension module (% 2 &)
CUC++E A4 H BE ], 3to] 2] CAPIE AHS s A Al o] Mg 2 =9 A4S 283t

f-string (f-& 2} ¥)

f-strings
String literals prefixed with £ or F are commonly called “f-strings” which is short for formatted string literals.
See also PEP 498.

file object (3} A A))
SH Zpofl sl 5t Y A1 FA API(read () Ytwrite () 22 HAES)E =W+ AA. w9
ol et 3t ARl e AAl Ha= ”-4 gdoluy th2 A A A FA (A 50, &
d=9, d-vE A H, 27, Ftol 2, FF) N W AN E FAZ 5+ s 3L AA+= 3¢
5 AA (file-like objects) & 2~E & (streams) ©] 21 = & YU}
AAZ= A R7Y 5td AAEo] AFUTE Eraw) Bho] v 2] 3+, W 3 = (buffered) HFo] ] 2] 5+,
HAE 3, o] 59 O]Eiﬁﬂ olAE io BEIAA AAFUTH Y AAE wE= FHA A 2
open() FTE 2+ AYYrh

file-like object (3} 5+ 2 A])
o A A 9 Hld g

filesystem encoding and error handler (3} 2] 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.

9

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.
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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

2AYAdIE = BAS.
finder (¥}¢11)

YZEH RES AT EH E

F SR FAdY7F A5 UTh sys.meta_path & T AbE St HEF A2 A ¢} sys.

path_hooks 3} &7 AFg8hE 72 =] ghelT.

o} kA 3 Y-8 finders-and-loaders 2} import1libS 23 Al L.

floor division (3 4> U=A)

713 Wk A E W Eets 23 Al A Al dAaAE // th olE B, 84 11
/) 48] g2 27 H A 4 #47‘:\3‘%2 758 EeFUTh (-11) // 47b-2.758 W ¥ g -39
Holl frolsfoF gt PEP 2388 HA L

free threading (Z}-§- 2 # Q)
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 (A}-5- ¥H3$~)
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.

function (2+4)

SEAAA AHE FE EHFE A BEAE. gAY I 9 }9] o1zt 7 A&E 4= &=, By 9
Aol AHgE 5 A5 Utk v &) v A = 2} function A = H A Q.
function annotation (34> o] &) o] A1)
e o= o] A4

e oA L wh
A

B4 olwrolde YA P UE 2 AFHUh o F S0, o] BREF A ine AAE
Dol s Aoz 7oH 2, FA] | R

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

3t o] L H| o] A F 1S function Zof| A A4 gt}

o] 71%-& A BhE W4 o] w8 o] 4l T PEP 4848 2234 2. E 3 o] | o] Mol T3k = Abell =
annotations-howto & 2 314 &

__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~ #)

9 A8 A g vl Eel S vdele A4 Folie Bx A4 24T 22 £V PR BL
5 9 <8 A £ AN B A £ AR 2B AUA £ A7) ge RES AHEHA

Aol J5Uth
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generator (AU ] o] €])
xﬂﬁffﬂ IE1 IEiEﬂ 15% S EHFE TS it gAY Hol=d, dAY ES W

generator iterator (] ]2 o] €] o] €] o] ¥])
A o) E &7 BtE= A

Zryieldt GAIACE A& T, (X HLSH 7] S uy-E5S 2T3) A FHE
7193yt Ay d ol g olH e ol 8 7F AR = W, Wd 3t o 2 B TH(EEutch A 2 A Zee
So} oul U o).

generator expression (A @] o] €] & 2])
olHH olHE EHFE x¥4. F= ‘E‘d?ﬁﬂr HAE Aot for A} A=k 7H5 ic Do FHo
ErouEds Ay Btk ART AL SR F4E A GHES BEo YT
>>> sum(i*i for i in range (10)) # sum of squares 0, 1, 4, ... 81
285

generic function (A 2 &)

e AMS AR THE G50 el 7R o B2 THE G5 T2 0 oW 7o) AHEBA L
uﬂmﬂwﬂa SEEE-EEEES

=Z Y23 A ng 8}E2 3} functools.singledispatch() Bl & o]E S} PEP 4435 H A Q.

generic type (A ] g

o 7 W E‘r ks ’\ 9= a; AUk 0 2 1ist U dict & 2L AE o] S, & =9} o] g o
el AR Y E}.
For more details, see generic alias types, PEP 483, PEP 484, PEP 585, and the t yping module.

GIL
A QE ey 5 S HAR

global interpreter lock (<4 Qe| =g &)
gt ef] @A Bhifo} A Eh ool o] E 1= 5 A¥YSE S B A7) 98] CPython 1E =2
H7F ARG stE MAUSE. (dict 2t 22 SRV WAFSS T6te) A o] FAH O R T A
94| 2] via] ok A5 % vhE o] A CPython + 8L T g Th Bl zelE] AAI T Bt
AL JHzZ e HE tsad=gel] 44 e A, s Z2 A4 71 A7 Al g sk HE g o
Be HEe 8 g,
SHAI Y ol | A RES2, EFEOIUY AR BT, 5ol s A R kA A
= GILS Rt 5 AAE Js Ut =3, V0E @ W= F4 GIL= Wby ot
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.

Ir

In prior versions of Python’ s C API, a function might declare that it requires the GIL to be held in order to
use it. This refers to having an attached thread state.

hash-based pyc (3] ] 7] 9} pyc)
FEAES FEFY 8l NG 2 5L FHF 5 A7) old A E AFE-3F= vl E ZE A

2. pyc-invalidation2 2% 3HA] 2.

hashable (3] A] 7}%)
A7 428 1 Fkol uﬂ%}x] e A FE= AL (_hash__ () WA E7F Z 23T, thE AA <}
HuE ¢ QoW (_eq () MINEZFZRFUT, Al 7otk @tk Zohal Bl s &= 3 Al
N AAE ] HA L 2oloF T

AN AL AANE YAV A% AT AWE AT 5 YA S, o] A8 T2 ol
W40 BAghe A7) W e,
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HREE stol A B W AAE2 ;A b FUth (Bl2EU gAY E 2-2) 7HE AH oY &
la‘zl rEUTH (FE° lUrfrozenset 22)EW A l oJUES 159 8 A4E°] A /M T wivt
A A gk Aea 4o Zel2el d28s AREL ARALw HA 45T (7]
A= A9l otal ) BT thEohal v E 3, S A g2 1d () B FE o FJ YT

IDLE
ol W& § st 55 ML d st 27 (Integrated Development and Learning Environment). idle-2 3}-9]
Mol FF vz do ke = 712 4‘?_]4478719} AElZ 2] g 24 YUt

immortal (£%F)
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.

Immortal objects can be identified via sys._is_immortal (), or via PyUnstable IsImmortal () in the
C APIL

immutable (£4)

o
St 7} AEE B RES 27 99 AMGHE FAS (L A dEe) 9 B2, Q%
&< ol 22 B% sys.path Z5E 2141;} AT A E 7)Ao AL ER
AAA pan SlEeBERRY & 45 davich
importing (¢ % ¥))

3 R EY vol A TEJLTHE REY Sol A TEAM AEE 5 UEE e AR
importer (Y ZE)

BES % 1 25 )% = AA; S A of Tl o)z} =] AA )

interactive (t} 3}3))
o] A & Eﬁﬁ}% Q1 E 2z 2] E

A, 5% 4dE e
7

K
o

L o
Tl

i g 2
< it i 4

RO R
=

interpreted (QJE] Z 2] €| &)
Hpo] = T E At e o] A wlEel 1 o] SR
E‘r‘)]Ei 2B AdojdUrh o] A2 A Aoz A8 55 =}
FATE AUt 2 22 O] £ ¥ A Hs] AP 1%’3 A19h e Z 2 H Ao
Aojdoh g /e A 715 25Ut tisl e = .

interpreter shutdown (21 €] = 2] €

o
o

TR GE 8HES WS, o] Az = S A 7)o A Y=, ZEolL o8 71X
ZOG YR FI2EA L2 BE IGHE AP ES dAF o2 ubdsh k. 3 7 A =47 &
o] H SEFYth AFSAF A9 3k At weakref S0 = T ES9 AP A1 ZA L 5 5
Uth 28 A7) S APEHE I =t o EL whd 4 Qled), 2A 0] g2t AL E o)
o 7153 &S = A7l WEdUth (T o= 2ol B e REOIU A FAEJYTLH

iterable (o] €] &] %)

WHES 3 Wol Hby BeE 5 U AA. ol B |2 BE (st str, tuple 22)
AAZL GE, dict L BB Al AL FE, 5D A E, _iter () AL AGE FRSE
Cericen 0 MAEE A ASI R B E Fel A0 AA Tl AFVITh

E e 8L tor £mo A1-4E 5 93, AALE BEE S O BE 3 (2ip (), map (), ) o]
A8 4 5 UTh o HE 2 AA U F B icer () o AR % ags|d, 3 7] 1E%Eﬂ°lEiE
ez Ut o olHdolEE 5 WS B W AXE 5 R o H B A8 ),
HELS iter() B BEAL, oHelolH AAE 44 hE AL GHUT for £ o AES
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AHEL YASIA AAF o7 s, F2E £
9HE U T olEl g o] B, Al A, AU gl o] & BA L.

iterator (]| o] €])

tlolele] 2EY S sk AA. oJHHCIH S _next_ () MINESRIRAHOR T35 (Ex
W g nexe () 2 ALetd) 2EH Qe FEE2 AU Z EF U § o] 42 HlolH 7t
= = thAl stopIteration 2] & DoY) o] Ao A, ol B2l o] Y AA = 23 1, o] 5
O] BE __next_ () WINE &2 stoplteration & thA] do7]7|vk Ut} olH e ol B &
olgldlol A A& EElFE __iter () MIAES 7FA Zo] 275 7] wj&ol, ol Ed ol H =
olglE 8ol 7| & stal T olH B ES WotEole 2 3ol A AH8E &+ A5 Utk 528
e o2 W olg# ol d S AEdte ZEY YT (List 22) AH oY AA & iter ) T2
ALstAY for F20| AHSE wjuiet A o] B & o] B £ WE Ut o] 22 ol &l o] H o T3 A
Fyste]al shd, A o] Bl g o] Mol AHEE o] 1] £3E o]EEo]BE S A, ¥l AH YA
HolA w5 th

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

CPython F-& A} 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.

SAoJHEH O HE Folw olF Rl W E

key function (7] g)
7] &4 == Z ¥ o] A (collation) F<=+= A E (sorting) ©] 1} ¥l & (ordering) o] AFE-5 &= & =85
ZHEYYrLh o & 0], locale.strxfrm() L ZAYL EZA A E= AH 7§ =
A8
Spol e B w7k a4Fo] o LA €A Aol A FoleAE Aol Ash 7| BHE
Wwol=QlYrth old A&+ min(), max (), sorted(), list.sort (), heapg.merge (), heapq.
nsmallest (), heapg.nlargest (), itertools.groupby () 0] 2)\%14 D]—

7] s wEE vl oy W] A5yt A& S0, str.lower ) WA EE Alo]& & §
O

= rr

ke

[e3]
AYE N A F 2 AEE 5 AGUDE HAAOE, 7] BHE 1anpda FHA O UE 5
Q=] o]d AYUYT}: lambda r: (r[0], r[2]). BESH operator.attrgetter (), operator.
itemgetter (), operator.methodcaller () 7} Al 719 7] S A XA YL 7] &+& 0=
AH8-5F= ol t) 3k ol & Sorting HOW TO S X A 2.

Kl

keyword argument (7] 9] & 21 z})
A& HA S

lambda (&t}
529 ) ol FelAE kel BA4 02 FAH o & QE Ak ¥ B A4 E VEE
—Ev—‘ﬂ% lambda [parameters]: expression ?:]14\3]-

LBYL

= 7] Aol H 2} (Look before you leap). ©] TG AEFLL T o)L} 23] & 317] Aol YA|H o & ALHA
AL AAEYT o] 2B G2 EAFP F2H A UM H A, B2 i1 FY EAE SH A YT
05 29 = 2404, LBYL H2H-2 “B 7179 “H 7|7 2kl A 205 WA 2 Al s
o} o] & S0, FE if key in mapping: return mappinglkey] = AA} Z o, 3}X qF 23] Ao
o}
ht

o N
e
il

22 = 7} key 2 mapping) A A A1 SHE A5 3k 4 Q%L Th o] €l o]4ri= S o] LFEAFP AW &
o=n 28 4+ A5k
lexical analyzer (¢]3] 241 7))

Formal name for the tokenizer; see token.

list (B] 2~ E)
W sho] W Al I o] B0 BFE L, P4 thEk AM27F00) o) 7] W&o, A
(linked list) B Th= of2 dof9] v 3} F-AFE Y T}

list comprehension (2] A E 7 = 2] 3l A)
ARrY R4 AR EL
["{:#04x}'.format (x) for x
591 16215 (0x.) £& EFHE TP P 2ES e e A A2k 5 Q5o Aekel
W, range (256) 9] Y= 2=

=

ofo
ofr

iih)
iuk
[>
[m

—z
e
_)‘4_:
1,
o
Rl
u
.
i)
e
A
[>
m
Fru
it
v
N
rlr
)
iy
e
ok
hini)
]
0]
[0)]
c
g
ke
Il
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loader (2 ¢])
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 1locale.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] 2 W] A] =)
E A= 9 u]ZA A ol u)3)

mapping (7} 3)
0lo]9] 7] %3] & A Y3}l collections.abc.Mapping ©]Y} collections.abc.MutableMapping
FA o)A FEx o AAE HAMESES FdstE AH o)y AA. | 2+& dict, collections.
defaultdict, collections.OrderedDict, collections.Counter = —’F 2)\%1/] D]—

meta path finder (W€} 7 & 5}¢lt])
sys.meta path«l Aol B E vlolt. WE A& g uEs 4= e 919 H ¢ #eg o]
9171 347 5 thE I o,
He 2 37 L83 = wA =S A= importlib.abc.MetaPathFinder S HH 3F
e,

metaclass (H €} Z&]2)

Zejzo) Sehs Fels ot Feh s ol F, el s YA Ve, ol s S s 552 BT,
vE} 2 e A o] Al AAHE Wb FeAE B Aol e AT R E) AR Ay xz 19
Y doj 5o /)i T AL AFGUTE s AL BWH BEL AL AnY e FHAE BE S
9ohs AU Th BEE g Aol A o] 2771 A5 B AW, B w), wE S At
geea ford e ATUCh o= RE 20l 23 ogging, 2= Fe 42l 37}

=z
AA A A, ASE TR BL o2 FGol ALFH5 YT
metaclasses | A T Z]—Aﬂ?‘;_} yes 28 4 9zt

method (W] A &)

=

O:

S vt Qb A B E & . L FH R JAAHA o ERRERZAN TEHY, I HAEE
A WA A2 (RE self L BAUTH 2 Jd2®2A AR S DF UL P FHEH 272 R
AL
method resolution order (W A= A7 4= 4])

HAE 23 A= 23t S AHE At dlola S A9 SAYUTE 23 DA fH
sho]# Ay z e g o] Abgd dare]Eo] AT 82 python_2.3_mroE WA 2.

module (2 §)
spol Al 3122

ZASUY 28

72 = BA L.

A3 F3r
(e)

l i
o

9912 g AA. BEL 999 sho]d ANEL Fi o
E;

1 Aol 3 solWo2 2EH o

=

o

=

o rlo py

module spec (2 & A3
RES ZEIEU AIEE = YXE AH JHE
ModuleSpec & A2EH A,

3 9+ o] F ¥ 7t importlib.machinery.

o

o}
=

module-specs & H A 2.
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MRO
A= dd A S AL

mutable (7}'H)
7hA AA= grol M = AA T id() = LASA FAFEYLE 2 = A L.

named tuple (V| Y& FZ)
“mamed wple(] 9 F-2)" o] 2= Bol & FEl A 4437 o] B2 =
olEl A B4 Q= QAo AN A T2 Y nE o} Za2o ALF U ol 28

e /5E 98 5 dsuth

time.localtime () & os.stat () 7} ¥F3

T} 2 o= sys.float_info Y Yt}

rit

S 25, o AP HYE FEYUHE &

>>> 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

R UAE FE2 WZZEY DAYt T, tupled A &8t o] F 22 =S FYdte
i FR2 Az HJdE FES U T UAsUTh o2 :’ﬂ—t A3 2/t A Y, typing
NamedTuple & A S AY HE 2] 34 collections.namedtuple () 2 E’l’% 4 95Ut $219
e A4 AAFAL NG VIS FEANE 22 4 e 2 A4 FAMASE FA87=
ok,

namespace (¢]= 27

S
bl

d
@
_>L

l’l
3:

A, Ao, W ol 5 3ol A WE} OlEIL

= uiltins. open-»]—os.open() S

TS °]E 2 o] o] AFE FHF}=AE LY ¥ 7

E28 FUth 9 & £9], random.seed() =¥ itertools.islice() 2}
S

randomﬁr itertools ®&°| o3 &= 3l 3 o] W&l Huth

namespace package (0] S 7 3} 7] A])
LA A B 37| A EJ Aol E R 7] 5ot 3 7] A, ol§ T2 7| A= 2 H QA AA 7 e

/\1: o] 77

FE 903, 53] _init_ .py ¥l QleB g Yot 3 7] 4] o= tE Ut

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

[m
k
i
i° '
1
R
g %
%%
o

For more information, see PEP 42() and reference-namespace-package.

2E X HAS.

nested scope (ZHH A7 =Z)
SR YoM AP E FRo= 5. & 50, o2 T W R A Fod T4+ vz o
AEVFES AT IS UL T HA 2Tz 7| B2 = A2 U7 8, Y2 57
‘i’a}—t‘;}% Aol FYsiof FUth A AF-E2 7PF W FHo ATz A 911 “147/} el Sl o
AL HFE2 A o5 F7A ¢la £ Y th nonlocal & H]”é”’\:’—“’ﬂ »e A= 0131’51‘4"/}
new-style class (7+ 26} S ~)
Age nE 2o AA G AT s 2o WAL A o] F. 2719 shold M AN AL,
LA Foed FH AT slots. , Y23 HE, L E, _ getattribute_ (), FH 2 WA E,
2 E WA EL} 22 Fto]l M MF A gt 7 ES AHEE S Ads Uy
object (7 A])
FH (EHREUF) & 20 528 (A E) o] FYH REHolH. &3 BE 72oed ZH~

o] 2% 49l W o] 2 S 2] Uk

optimized scope (] A3 H 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,
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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 (5}7] )
ABRESOI, AAA 02 NE 7SS

patn olEElRE} 9 shol A RESILTH
At 712 &} o] & w7 H 7] A = BA L.

parameter (U] 7l ¥ 4)

B4 (L WAE) Bl B471 92 5 Sl 1A (L oW 3§ ARE) & AR o B
B2 dAEE. oA EF AN ok

o I A-7199 = (positional-or-keyword): ¢ 2| 212 U 7] 9] = 212 2 AL 4= = AAE A AT
Ut ol Aol 713 BeNe] ul A MG ek, o ol Bl Al foo S} bar
[def func (foo, bar=None): ... }

>~l

o Y X-A | (positional-only): ¢ X] Z 3t A| 3}
S B Y Wi BEof / FAE £t T F o AT 5
/\1 posonlyl 3} posonly2:

Utk 912 A 7
Q5 Uth ol & Sol u}uoﬂ

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

« ARG keyword-only): 7| HEZF AFD 5 IE AE A FUTh A9 =-2AF v
Mt B4 el 9w A S B S A ol Bhuke] ZbA-91 1 vl ALt - ) 2 £
R & 5 Y5 Th o2 Sof, th ol A kw_onlyl <} kw_only2:

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

o 7VH-$1 X (var-positional): (T}2 W] 7| H S0 o] A o] u] WrolEod A 9 %] A A=<l d3l)
AZE 9 0 ES) Yolel NS A, ol b o5 ol el
* 5 ol 294 Y2 5 dsUh oA E 0] thZoll A args:

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

o 4719 = (var-keyword): (T2 B A4Sl )8 A o] n] Wo}5 61 7|9 = AR Sl Tl
A & 9 9ol A$ A GE AAES ABYUT ol e v A o5l
wx 2 gko] Bo A ol 4 A5 UTh o2 S0} 919 ol o A kwargs.

W A QRS S 97 7 R ok e ol A A ARFES AT 5 9
Uk,

Q1A g0l 5] &=, Az} ufj 7| 4= 2] 2}oof] L} 2= FAQ A&, inspect .Parameter &2, function
2, PEP 362% R A Q.

path entry (7% 2 I E 2])
AR 7R IIY 7 JAZE T RESS Z7] 98 Fsh= JxE A2 A st &

path entry finder (7 2 JE 2] z}2lt])
sys.path_hooks | Q& FEE (F, 42 JdEL F) o]l 25+ 3y g, Tl A= A=z

NES

=]

=z J_.g_i 7<7—‘—— H)—\ﬂ

PR AED FAHFo
path entry hook (3 & N E 7] &)

sys.path_hooks B]2E] = EHEUH], 54 4= =] A RES e HS €2 Jrd
B4z dEe ol & EHF Ytk

path based finder (7 2 7]4} 5} 2l )
712 e A& Sl H 5 F sl 2 E A E oA RES 5

path-like object (73 25 7 A|)
HFd A2" F2E el = A4 A2F AAs 425 YW= str U bytes A o] A

z

B

O

ﬂllo ¥
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S,
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(o
o
rlr
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>
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flo
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o
Q
Lav]
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jop
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=
23]
=
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W} os.Pathlike ZEEZ S a5t AAAYTE os.PathLike ZTEEZ S X Q3= Zﬂiﬂ
os.fspath() &5 5 TEMA] str U bytes It A" A2 2 HSE 5 JFUTH J
fsdecode () & os.fsencode () & Z+Zt str Y bytes A4S B A5=t] A2 = A5 THL P
5192 =J9 syt

PEP
sto] A 74 Al b PEPE= 3t AR UE | AR E A FstAY Fpo]H B T IR EE
of st M Z-E 7152 ABste A A YUt PEP= AlFH 7] 5ol thek 2+ 2 7= A+
ZAE AlFsh ok ?J‘/]D}.

Eay
"

2~

T

PEPE 8 A= & 715 Alokata EAlol Blat AR E d8e 44500 shol o] S0l 2 A7
e B BE) S8 021 P AL A8 el 5] S et
uith o) A £ & Aol Y& th

portion ()
PEP 420 oj| A A 2] 3} A %
A3 p s ol AFE & A= 7}
positional argument ($] 2] <1 x})
A7 E HA L.

provisional API (23 API)
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provisional package (Zr73 3 7] 2])
A APIE HA Q.

Python 3000 (z}°] % 3000)
vhold 3x w2 2hele] W (HA 39 w27} W vlef o} o]op7] | Al ofl b= 013l o] F ol th) o] A
< “Py3k” 2 0] 27| % Ut}

Pythonic (= 0] A t}-L)

Aoj o] A A A IS S AHEHIA ZES TASHE thA), shol A Ao ol A /b A7 AL
$5 o]t FEL kol Be = oholEloj Ll I T 2ok o B S0, Shol HalA] A AL o] E] 12
for T2 AFEA olHHESY BE 247 £33 AdUth oE B2 dojdde old T/
TFAEe fleng, sojHo) o55hA] L AFRES Aol A 72 H E AFS S = Ut
for i in range(len(food)):

print (food[i])
o 2F S, stolgithe e ol dsUth
for piece in food:

print (piece)

qualified name (3 -3} ¥ o] &)

250 A AFzoA REgo] Jod S, I, A= o2 “BRPE HoAFE HoE
T o] 5. PEP 3155 ol A Ao F Ut} 249 T2k S 29 Fpoll, A3 o5 AA

o2} 2Lk
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-

>>> class C:
class D:
def meth (self):
pass

>>> C._ _qualname_

lC’

>>> C.D.__gualname

'C.D"

>>> C.D.meth. qualname
'C.D.meth'

EEg 7k 7= AHSE o, &8 A58 ol & (fully qualified name) 2> 2= R 5 37| A &
ZIEA B Eﬂ%@giﬁﬂ%ﬂ%%ﬂ]ﬂw%ﬂ E09], email.mime.text:

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

reference count (=2 314)

A o th3t F2 A% AR B2 A5/H002 Boj AW, W e) 7 whgg U Th % AR
2o]n) 22 U572 AT A ol AL A AN AH A QrTh B2 A5 2AL dwAo
% 5ol D=l e F5 A AR, CPrhon 78] 4 @ oSV e mwae el 5 A1)

23 4TE EHFE sys.getrefcount () TFE ST 4 J5 Yt

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 (737 =] 7] #])
_init__.py 3¥S =Fste v H L 22 A5 A QA Al 7] A

olF T AHINA & HAL

REPL
An acronym for the “read-eval-print loop”, another name for the inferactive interpreter shell.

__slots__
S YR HAH], A2"H 2 olE ﬂvEt‘é—%%f‘f}% el ddsta A"l A g U el E
AATOZH w2 1’4 A7 BT FUCh 97 971E AW, o] Hlade Sul=A A3
A% At g Bolebd, vl welo] WA e S8 = 2dolA B 2o dAAA Pt SHT
EEE D iy

sequence (X] @ 2)

gptiten_o SEUASE B G- AALG HBAME 24 AN 7 UeAD N B

dolE EHFE _len () MAHEE AYst= olHE. RR R AN ALELS LP%‘_%HH ) list,
str, tuple, bytes 7} O1AWU]- dict T8 __getitem__ () & __len__ () = A A3}A 4, Zz_ﬂ o]

B4 o)Al Q2] 9] 6 4] 7hs 7B ALE37) B Al AT o ek v o 2 HFHE ke Ao 29
3l oF g},

The collections.abc.Sequence abstract base class defines a much richer interface that goes beyond just
__getitem_ () and__len_ (),addingcount (), index(),__contains__ (),and ___reversed_ ().
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¢ 7 = 2] 3l A)
ol & Y= 84 AAY RS At A3E G2 S st 1t
= {c for c in 'abracadabra' if c not in 'abc'}= BEX}ge %}Q‘{'
U t}. comprehensions& 3234 Al 2

single dispatch (42 t] A 3] x])
T o] shte Q1ALe Pof| 7|2 A AAE = Alvl E T A2 x| 9] & FE.
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slice (&&}o]A)
HE AAA Y ARE TS AR, Setol At AN ASPE TP AHEHA
variable_name[1:3:5] A&, [] ¢HollA] of 2] 7HS] eabE 280 E FE|FUTh tiZ 3 (A
SYE) F/PL YR AOZ s1ice ARE AT
soft deprecated (2F3}A| H 2] &)
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.

Soft deprecation, unlike normal deprecation, does not plan on removing the API and will not emit warnings.
See PEP 387: Soft Deprecation.

special method (5> WA &)
ol o] ol o ALks, QA 22, AT Ao TEHEHAE. old HIMEE F
Mol BE= A ASLL e ol 52 2L 55U th 55 Pl A == specialnames of] &4 2 5 0] 4]

91t

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 (&%)
TGE 29 E (ZEY “EF(block)”) & FASHE FEYUTE 32 594 oAU 7|HEE
AbEShe o8] 74 2 E S5 stud Y th 719 if, while, for.

static type checker (3 & & 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 (73t 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.

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.

W Hx = AL,
t-string
t-strings

String literals prefixed with t or T are commonly called “t-strings” which is short for template string literals.
text encoding (2 A E 217 ¢))

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 (2] A~ & 5} )

str AAE YT 2 5 9 Y AA. 55, AAE FAL AR RE W E AR Ho|HAEAL

A 2ok Ak Q15 & AT A Gt HAE o] 2t HiE B

2 99 399, sys.stdin, sys.stdout, io.StringIo & A2EHAE E 4+ ¢

Hel ELF AA £ Al € 5 A o AA ol tisi M= vl 2] 9td = FzshA 2.

it
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thread state
The information used by the CPython runtime to run in an OS thread. For example, this includes the current

exception, if any, and the state of the bytecode interpreter.

Each thread state is bound to a single OS thread, but threads may have many thread states available. At most,
one of them may be atfached at once.

An attached thread state is required to call most of Python’ s C API, unless a function explicitly documents
otherwise. The bytecode interpreter only runs under an attached thread state.

Each thread state belongs to a single interpreter, but each interpreter may have many thread states, including
multiple for the same OS thread. Thread states from multiple interpreters may be bound to the same thread,
but only one can be atfached in that thread at any given moment.

See Thread State and the Global Interpreter Lock for more information.

token (E33)
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 (X% u}-& % = £214)

2 () U Feugx ) A M B8N Y. 2w & U2 SR EAE e
71%5& Al A= AT, A 7HA] o] Foll A LR7F AF UL o) aA o]z H A b2 Fule
EUEZuESRE FAYE o 2 F UEE 5, AF BAE 22 FuT o Eol 2H £
Jed, E2EHS L0 53 &2 Jd5UTh

type (&)

shol AA| o] & 2Zl0] o T/ AAAAE =
P2 __class_ OJEZRER MA2F 5 QI AU type (ob)) B B2 T AF

type alias (3 ol d&]o]~)
g AR t 3] TE A& o Fof <.

g ol Qeolat o AES deslshe ol -8FUTh o8 S

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

£ the 3t 2ol o 971 47 HE 4 stk

Color = tuple[int, int, int]

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

o] 7]%—% /gué }\_ typlng-q- PEP 4845 % 6]—%]]‘,‘3_‘

WS, Zejs ol EelHE W B4 v 4 U ukE gre) Zl e s 92 A sk of o4,
W = A9 A gto) 1 sol Mol A AR A kAW, A4 & 2470l §8 5 T w3 IDES
= 94 3 PAEYLS FHU

=

Ad W4E ALsy, 49 W, Fas o=

get_type_hints () § AR&-3to] AA AT 5 JF YT

o] 71%5< AW+ typing?} PEP 4845 x84 8.
universal newlines (&Y A £ Jd7)

o2 _,,],71—0 ASS E’_—‘,:— 2_4 ZoZ oAl HAE /\Eagaﬂﬁ'—“s}_‘f\;ﬂ}_; _,9|_

e \n', A= FHE \r\n', oA H 9 “H?JEA] & e F7HA QL ARG-of] BB Al = bytes.

splitlines () ¥ut o} g} PEP 278 &} PEP 3116 = P_Aﬂﬁ.
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variable annotation (1> o] - E)] 0] )
WE T g oEYHEY of nH oA
- 2

Wg EE o2 o EHE o mHo] A B B A AFAY Tk
class C
field annotation

|

W4 ol nElo]He AHos 3 dER LGP U o Sol, o]

Srin ge AL AR

e o] .o H o] 4d £ -2 A4 annassign ol A] 2 8 ¥ Tk
o] 7|58 A3l 4 o] - H o] 4, PEP 484 ¥ PEP 5262 F =z 314 8. 8l o] =g o] A z¢] o]
o st &1 AL += annotations-howto & X 3HA| &

virtual environment (7}4} 7))
Fpo] W AHGAReL &-§ 2R O o], T A AH oA A E = g vho]H &8 22 I E 9 F 3o
d&Fe FA %}2‘?1/\1, fﬂrol A w2 s) 71 A E S AA S AY dad o] =8te Ae 7 st @
HPAo 7 Ags A3 4.

venv & HA 8.

virtual machine (7} 7] A))

AZEF O FO2 FoH AR, Tol 8] 74 AL vl £ 2 it

FEE A3}

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 (}o] 4 Al)
shol 4 Tl Rele} AT BE ),
e}y ZEZEA “import this” & YY3hd Yot

0] o] 531 AL 5 B =g ol Huth o] BS

S
= T
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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
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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 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 BES The Tk 2 Zo) AL ERA Tk

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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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.3.22 Zstandard bindings

Zstandard bindings in Modules/_zstd and Lib/compression/zstd are based on code from the pyzstd library,
copyright Ma Lin and contributors. The pyzstd code is distributed under the 3-Clause BSD License:

Copyright (c) 2020-present, Ma Lin and contributors.
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 copyright holder 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 HOLDER 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,
(TF& sl o Ao A %)
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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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sho] 3} o] WA E:
Copyright © 2001 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.

WA 2ol 0 AL AT ARE o AL9) 2ho] 4l o A Al F T

109



Extending and Embedding Python, Z!2|A 3.14.0rc3

110 Appendix D. X=H#A



1=
e

el o2
., 69
ellipsis literal, 69
>>>, 69
_ future_ ,75
__slots_ ,83
ik

=te] ot =] X9 M, 50
e e, 50

A

abstract base class (F4 " o] F2), 69

annotate function, 69

annotation (o] =H|°]A), 69

argument (¢1%}), 69

asynchronous context manager (H]%ﬂ ?]_H_]i\_
E &2 2p, 70

asynchronous generator (H]% 7] A\ o] g]),
70

asynchronous generator iterator (H]E 7] A
ydlolH o] & o] E), 70

asynchronous iterable (B]% 7] o]E & &), 70

asynchronous iterator (B]5 7] o] & °]H), 70

attached thread state, 70

attribute (JEZHE), 71

awaitable (o] o] E &), 71

B

BDFL, 71

binary file (W}o]\]g] 3}4), 71
borrowed reference (A8 &%), 71
bytecode (H}o]E T X&), 71

bytes—like object (HFo]E LR A X)), 71

C

callable (E¥¥),71

callback (&%), 72

C—contiguous, 72

class (Ed ), 72

class variable (&2 HS), 72
closure variable (EZA] W), 72

complex number (BAF), 72
context (AHIAE), 72

context management protocol (Z’ﬂ ‘?ﬂ 2E
Z2EZF),T72

context manager (FAEIAE A2 R}, 72

context variable (FHIAE W), 72

contiguous (A%), 72

coroutine (ZFH), 73

coroutine function (ZFH T4),73

CPython, 73

current context (BA] AHAE), 73

cyclic isolate, 73

D

decorator (B Z & o] ), 73
descriptor (Y23 HH), 73
dictionary (A4 2]),73

dictionary comprehension (B4 Vg A= 3

A), 73
dictionary view (9448 H),73
docstring (BE2EH), 74
duck-typing (& E}o] ), 74
dunder, 74

E

EAFP, 74

evaluate function, 74
expression (X8 41), 74
extension module (B33 2 &), 74

F

f-string (FE2}9), 74

f-strings, 74

file object (I AA), 74

file-like object (L& AXA)), 74
filesystem encoding and error handler

FHIA 2" ARG o2 22 7)), 74

finder (3}91H), 75

floor division (7&,45,\— ‘/]"‘)—\—/‘Iﬂ), 75

Fortran contiguous, 72

free threading (AFf 24 W), 75

free variable (A ®H$), 75

function (&), 75

function annotation (&4 o] = H|o]A), 75

111



Extending and Embedding Python,

2lg|A 3.14.0rc3

G

garbage collection (7}H]A] =A), 75
generator (A d o] ¥), 75,76

generator expression (AU @ o]E &), 76
generator iterator (Al o]E o]E & o|E),76

generic function (A gt4), 76
generic type (AU S &), 76

GIL, 76

global interpreter lock (A% QEjZ|E &),

76

F+

hash-based pyc (3] A] 714} pyc), 76
hashable (] A] 7}=), 76

IDLE, 77

immortal (&4),77

immutable (W), 77

import path (YEE Z=),77
importer (Y2 ¥), 77
importing (Y X H), 77
interactive (th3}+9), 77
interpreted (AAEH Z B E &), 77
interpreter shutdown (EJZEE £378),77
iterable (°]E 8] &), 77
iterator (9] E]#| o] ¥), 78

K

key function (7] &), 78
keyword argument (7] & <13}, 78

L

lambda (ZT}), 78

LBYL, 78

lexical analyzer (¢]3] £47]),78

list (B]2E), 78

list comprehension (B]2E A= 3NA), 78
loader (2T), 79

locale encoding (ZAY 917 4),79

M

magic
method (WA E), 79
magic method (P} & HlA =), 79
mapping (7433), 79
meta path finder (WE} AZ 5}21T), 79
metaclass (W EF F8]2), 79
method (WA &), 79
magic, 79
special, 84

method resolution order (HAE ZA 4A4]),79

module (&), 79

module spec (2& 29),79
MRO, 80

mutable (7}FH), 80

N

named tuple (M Y9E %), 80

namespace (°] & &7h), 80

namespace package (©]& =7} 3 7] A]), 80
nested scope (3" A3 3x2), 80
new-style class (F2EY 28 2), 80

O

object (ZA]), 80
optimized scope (HA3}lH A7 2), 80

F)

package (3] 7] A]), 81
parameter (] 7] ¥ <4), 81
path based finder (FZE 7]4¥F 3}21H), 81
path entry (A2 JdE ), 81
path entry finder (A ZE JdE g 1}2lH), 81
path entry hook (AZE dE& ¥),81
path-like object (AZF ZAA)), 81
PEP, 82
Philbrick, Geoff, 15
portion (ZA), 82
positional argument (9 X] 12}, 82
provisional API (FA API), 82
provisional package (FA 3 7] A]), 82
Py_NO_LINK_LIB (C macro), 59
PyArg_ParseTuple (C &%), 14
PyArg_ParseTupleAndKeywords (C &), 15
PyErr_Fetch (C &%), 51
PyErr_Restore (C &), 51
PyObject_CallObject (C &), 12
Python 3000 (3] % 3000), 82
Python &b =|oF

PEP 1,82

PEP 238,75

PEP 278,85

PEP 302,79

PEP 343,72

PEP 362,70, 81

PEP 411,82

PEP 420, 80, 82

PEP 442,19,52

PEP 443,76

PEP 483,76

PEP 484,69, 75,76, 85, 86

PEP 489,5

PEP 492,70,71,73

PEP 498,74

PEP 519,82

PEP 525,70

PEP 526, 69, 86

PEP 585,76

PEP 649, 69

PEP 683,77

PEP 703,75,76

PEP 3116, 85

PEP 3155, 82
PYTHON_GIL, 76

112



Extending and Embedding Python, 2!2|A 3.14.0rc3

Pythonic (3}o] A T}e), 82

Q

qualified name (FF3+H o] 5), 82

R

reference count (F= 3F), 83
regular package (@‘F’r EH 71 A1), 83
REPL, 83

repr

T T4, 52

S

sequence (A]@2), 83
set comprehension (F & ZAZE A A), 83
single dispatch (AF T3] X]), 83
slice (£8Fol), 84
soft deprecated (‘1}:3}7'“ ﬁ] 7‘]%), 84
special

method (WA &), 84
special method (54 WA E), 84
standard library, 84
statement (£73), 84
static type checker (& & 7AA}7]), 84
stdlib, 84
strong reference (73F ZFX), 84

T

t-string, 84

t-strings, 84

text encoding (HIAE Q17 4Y), 84

text file (HI2E u}4Y), 84

thread state, 85

token (E3), 85

triple-quoted string (A= &%
85

type (3), 85

type alias (3 o8 o]2), 85

type hint (& 3l E), 85

U

universal newlines (%b]

\Y

variable annotation (4 o]x=H]o]A), 86
virtual environment (7}FA 2-73), 86
virtual machine (7} 7] A, 86

W

walrus operator, 86

Y T
repr, 52
Exrd

I EH, 52

(i
Bl
Y
@

dE4d7),85

Y

=repg e xely, P, 50
TN, 9,50
#2324

PYTHON_GIL, 76

Z

Zen of Python (3}o]# Al), 86

113



	권장 제삼자 도구
	제삼자 도구 없이 확장 만들기
	C나 C++로 파이썬 확장하기
	간단한 예
	막간극: 에러와 예외
	예제로 돌아가기
	모듈의 메서드 테이블과 초기화 함수
	컴파일과 링크
	C에서 파이썬 함수 호출하기
	확장 함수에서 매개 변수 추출하기
	확장 함수를 위한 키워드 매개 변수
	임의의 값을 구축하기
	참조 횟수
	파이썬에서 참조 횟수 세기
	소유권 규칙
	살얼음
	NULL 포인터

	C++로 확장 작성하기
	확장 모듈을 위한 C API 제공하기

	확장형 정의하기: 자습서
	기초
	기초 예제에 데이터와 메서드 추가하기
	데이터 어트리뷰트를 더 세밀하게 제어하기
	순환 가비지 수거 지원하기
	다른 형의 서브 클래싱

	확장형 정의하기: 여러 가지 주제
	파이널리제이션과 할당 해제
	객체 표현
	어트리뷰트 관리
	범용 어트리뷰트 관리
	형별 어트리뷰트 관리

	객체 비교
	추상 프로토콜 지원
	약한 참조 지원
	추가 제안

	C와 C++ 확장 빌드하기
	setuptools로 C와 C++ 확장 빌드하기

	윈도우에서 C와 C++ 확장 빌드하기
	요리책 접근법
	유닉스와 윈도우의 차이점
	DLL을 실제로 사용하기


	더 큰 응용 프로그램에 CPython 런타임을 내장하기
	다른 응용 프로그램에 파이썬 내장하기
	매우 고수준의 내장
	매우 고수준 내장을 넘어서: 개요
	순수한 내장
	내장된 파이썬을 확장하기
	C++로 파이썬 내장하기
	유닉스 계열 시스템에서 컴파일과 링크하기


	용어집
	이 설명서에 관하여
	파이썬 설명서의 공헌자들

	역사와 라이센스
	소프트웨어의 역사
	파이썬에 액세스하거나 사용하기 위한 이용 약관
	PYTHON SOFTWARE FOUNDATION LICENSE VERSION 2
	BEOPEN.COM LICENSE AGREEMENT FOR PYTHON 2.0
	CNRI LICENSE AGREEMENT FOR PYTHON 1.6.1
	CWI LICENSE AGREEMENT FOR PYTHON 0.9.0 THROUGH 1.2
	ZERO-CLAUSE BSD LICENSE FOR CODE IN THE PYTHON DOCUMENTATION

	포함된 소프트웨어에 대한 라이센스 및 승인
	메르센 트위스터
	소켓
	비동기 소켓 서비스
	쿠키 관리
	실행 추적
	UUencode 및 UUdecode 함수
	XML 원격 프로시저 호출
	test_epoll
	Select kqueue
	SipHash24
	strtod 와 dtoa
	OpenSSL
	expat
	libffi
	zlib
	cfuhash
	libmpdec
	W3C C14N 테스트 스위트
	mimalloc
	asyncio
	Global Unbounded Sequences (GUS)
	Zstandard bindings


	저작권
	색인

