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CHAPTER 1
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This guide only covers the basic tools for creating extensions provided as part of this version of CPython. Third party
tools like Cython, cffi, SWIG and Numba offer both simpler and more sophisticated approaches to creating C and C++
extensions for Python.
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https://cython.org/
https://cffi.readthedocs.io
https://www.swig.org
https://numba.pydata.org/
https://packaging.python.org/guides/packaging-binary-extensions/
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https://cffi.readthedocs.io/
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>>> import spam
>>> status = spam.system("ls —-1")
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#define PY_SSIZE_T CLEAN
#include <Python.h>
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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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An important convention throughout the Python interpreter is the following: when a function fails, it should set an ex-
ception condition and return an error value (usually —1 or a NULL pointer). Exception information is stored in three
members of the interpreter’s thread state. These are NULL if there is no exception. Otherwise they are the C equivalents
of the members of the Python tuple returned by sys.exc_info (). These are the exception type, exception instance,
and a traceback object. It is important to know about them to understand how errors are passed around.
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When a function f that calls another function g detects that the latter fails, f should itself return an error value (usually
NULL or —1). It should not call one of the PyErr_* functions — one has already been called by g. f’s caller is then
supposed to also return an error indication to ifs caller, again without calling PyErr_*, and so on — the most detailed
cause of the error was already reported by the function that first detected it. Once the error reaches the Python interpreter’
s main loop, this aborts the currently executing Python code and tries to find an exception handler specified by the Python
programmer.

(There are situations where a module can actually give a more detailed error message by calling another PyErr_*
function, and in such cases it is fine to do so. As a general rule, however, this is not necessary, and can cause information
about the cause of the error to be lost: most operations can fail for a variety of reasons.)
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The choice of which exception to raise is entirely yours. There are predeclared C objects corresponding to all built-in
Python exceptions, such as PyExc_ZeroDivisionError, which you can use directly. Of course, you should choose
exceptions wisely — don’t use PyExc_TypeError to mean that a file couldn’t be opened (that should probably be
PyExc_OSError). If something’s wrong with the argument list, the PyArg_ParseTuple () function usually raises
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PyExc_TypeError. If you have an argument whose value must be in a particular range or must satisfy other conditions,
PyExc_ValueError is appropriate.

EE ART M A E AT += YFUTh oS A3, IHH o= 3 A F R FA AA AFE
Adgy e

[static PyObject *SpamError;

and initialize it in your module’s initialization function (PyInit_spam () ) with an exception object:

PyMODINIT_FUNC
PyInit_spam(void)
{

PyObject *m;

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

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

return m;

Note that the Python name for the exception object is spam.error. The PyErr_NewException () function may
create a class with the base class being Exception (unless another class is passed in instead of NULL), described in
bltin-exceptions.

Note also that the SpamEr ror variable retains a reference to the newly created exception class; this is intentional! Since
the exception could be removed from the module by external code, an owned reference to the class is needed to ensure
that it will not be discarded, causing SpamError to become a dangling pointer. Should it become a dangling pointer,
C code which raises the exception could cause a core dump or other unintended side effects.

We discuss the use of PyMODINIT_FUNC as a function return type later in this sample.

The spam.error exception can be raised in your extension module using a call to PyErr_SetString () as shown
below:

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

const char *command;

int sts;

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

sts system (command) ;

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

(TH& s o] A ol A1)
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return Pylong_FromLong (sts) ; ’

2.1.3 A2 Zo}r}7]
3k 4= glol ok it

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

oft

oA B4z EolhA, o)Al of e He o] £FL ol

It returns NULL (the error indicator for functions returning object pointers) if an error is detected in the argument list,
relying on the exception set by PyArg_ParseTuple (). Otherwise the string value of the argument has been copied
to the local variable command. This is a pointer assignment and you are not supposed to modify the string to which it
points (so in Standard C, the variable command should properly be declared as const char *command).

2 EBEFL U~ L system() S T=QH|,PyArg _ParseTuple () oA 98 BExE S ALdgyr}:

[sts = system(command) ; ]

Our spam.system () function must return the value of sts as a Python object. This is done using the function
PyLong_FromLong ().

[return PyLong_FromLong (sts) ; J

o] 4%, A AAE AU (o, Ae2A= sholdo M= 9 el AA AU

If you have a C function that returns no useful argument (a function returning void), the corresponding Python function
must return None. You need this idiom to do so (which is implemented by the Py_ RETURN_NONE macro):

return Py_None;

Py_INCREF (Py_None) ; ’

Py_None£ E4: o] 7] None®] C o] 2 U th ol A B L5 o], thi-2 o] o A “o] 2”& Eohi
NULL £ 918} 7} ob] 2} 14 skl 2 241 9 U] e

214 RE WA= HlEH 273 g4

I promised to show how spam_system () is called from Python programs. First, we need to list its name and address
in a “method table”:

static PyMethodDef SpamMethods[] = {

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

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

bi
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The METH_KEYWORDS bit may be set in the third field if keyword arguments should be passed to the function. In
this case, the C function should accept a third PyObject * parameter which will be a dictionary of keywords. Use
PyArg_ParseTupleAndKeywords () to parse the arguments to such a function.

A= EH ol 82 2E A FRA A Fx ofok gyt

static struct PyModuleDef spammodule = {
PyModuleDef_ HEAD_INIT,

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

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

This structure, in turn, must be passed to the interpreter in the module’s initialization function. The initialization function
must be named PyInit_name (), where name is the name of the module, and should be the only non-static item
defined in the module file:

PyMODINIT_FUNC
PyInit_spam(void)
{

return PyModule_Create (&spammodule) ;

Note that PyMODINIT_FUNC declares the function as PyObject * return type, declares any special linkage decla-
rations required by the platform, and for C++ declares the function as extern "C".

When the Python program imports module spam for the first time, PyInit_spam () is called. (See below for com-
ments about embedding Python.) It calls PyModule_Create (), which returns a module object, and inserts built-in
function objects into the newly created module based upon the table (an array of PyMethodDef structures) found in
the module definition. PyModule_Create () returns a pointer to the module object that it creates. It may abort with
a fatal error for certain errors, or return NULL if the module could not be initialized satisfactorily. The init function must
return the module object to its caller, so that it then gets inserted into 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:

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

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

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

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

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

/* Initialize the Python interpreter. Required.

(H& sl o] Al ol Al )
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(o] A sl o] Ao A A<)
If this step fails, it will be a fatal error. */
Py_Initialize();

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

PyMem_RawFree (program) ;
return 0O;

~
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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) ; /* Add a reference to new callback */
Py_XDECREF (my_callback); /* Dispose of previous callback */
my_callback = temp; /* Remember new callback */

/* Boilerplate to return "None" */
Py_INCREF (Py_None) ;
result = Py_None;

}

return result;

This function must be registered with the interpreter using the METH_VARARGS flag; this is described in section &5 2]
Wl = g o] &3} % 7|3} k4. The PyArg_ParseTuple () function and its arguments are documented in section
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int arg;
PyObject *arglist;
PyObject *result;

arg = 123;
(th= sl o] A ol Al%)
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/* Time to call the callback */

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

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

PyObject_CallObject ()& ol A ZAEHE W& T YTt o] AL ol Fq49 wd gt
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if (result == NULL)
return NULL; /* Pass error back */
..use result...
Py_DECREF (result) ;

gho) A Zu &40 thaf Yot Qe H o] Ao whal, PyObject_CallObject () o Q1A B2-8 AZ3) of
@ sleich ool thel 94 BRe S §E A Y LL Qe o8 B shold xz Bl
AgEUc. 19 v g AA 9 22 J_E AZgstal A = stk e Aeols, IR 55
o7 AT M FEe FAMF T = AUk ol FA st 7P e 2 Py_Buildvalue () &
SZeE AU o2 Sol, 45 o WE TS ADee B, TS TEE AT 4+ gL T

PyObject *arglist;

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

result = PyObject_CallObject (my_callback, arglist);
Py_DECREF (arglist);
if (result == NULL)
return NULL; /* Pass error back */
/* Here maybe use the result */
Py_DECREF (result) ;

A%, ol 3 A ol Py_DECREF (arglist) 9] wjx] ol 52| 814 A 5t ol A5} A WalE o] T}

2] Pl Q! E3
st oSt Al Py_Buildvalue () ol M2 2|7} £ 5 gloj 4] ghelsf of gy th
A2} 7| Y = JAAE A Y3 PyObject_Call () = ARESte] 719 E A7 Q=
» o e go], py_Buildvalue () & AME3le] V8 & FA T YTH

dict = Py_Buildvalue("{s:1}", "name", wval);
result = PyObject_Call (my_callback, NULL, dict);
Py_DECREF (dict) ;
if (result == NULL)

return NULL; /* Pass error back */
/* Here maybe use the result */
Py_DECREF (result) ;
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Extending and Embedding Python, &2] ~ 3.11.8

21.7 37 G50l A w7 85 52517

PyArg_ParseTuple () ¥4+ a3 2ol AAdH Yt

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

arg JAAHE st oA C T2 ALH & AR BE5o] A FF AA o oF FUth formar A=
%ﬂgﬂﬂﬁgmi%@%ﬂﬂﬁmAHﬂﬁﬂéﬂ%%ﬂmgmm%ﬂ@%ﬂﬂ%%HQ”%ﬂﬂﬂﬂ%
ZH ZAE e g3 Fo] AAFE = W FhooF P

PyArg ParseTuple ()& 3told 177k 875 & FAX FAskA g, E5 AYHC WS 49 F54
& elT S E feith A58 9W, 1271 3B A Aol w2 e 9 WEE Folay o Le]]

2434 A 2

Z 7oA A B £ BE o)
DR

X

A F2t e L (borrowed) FE o) FA TN 2; B2 5 F FolA

2 7H2] A A T

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

int ok;
int i, 3;
long k, 1;

const char *s;
Py_ssize_t size;

ok = PyArg_ParseTuple(args, ""); /* No arguments */
/* Python call: f() */

ok = PyArg_ParseTuple (args, "s", &s); /* A string */
/* Possible Python call: f('whoops!') */

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

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

const char *file;
const char *mode = "r";
int bufsize = 0;
ok = PyArg_ParseTuple (args, "s|si", &file, &mode, &bufsize);
/* A string, and optionally another string and an integer */
/* Possible Python calls:

f('spam')

f('spam', 'w')

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

int left, top, right, bottom, h, v;
ok = PyArg_ParseTuple (args, " ((ii) (ii)) (ii)",

(H& sl o] Al ol Al )
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(oA s o] A e A A)
&left, &top, &right, &bottom, &h, &v);
/* A rectangle and a point */
/* Possible Python call:
£(((0, 0), (400, 300)), (10, 10)) */

Py_complex c;

ok = PyArg_ParseTuple (args, "D:myfunction", &c);

/* a complex, also providing a function name for errors */
/* Possible Python call: myfunction (1+23) */

21.8 2 5 A 71 = vl

PyArg_ParseTupleAndKeywords () &= o2} Zo] AAH Yrth:

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

o
=

arg®} format v} 7| W4= py rg ParseTuple () &4 S AU kwdict 1) 7] W= 5}o]
AN A AR w7 W2 FAE 7|HE “’qdﬂﬂ‘/]"/} kwlist w} 7§ H4+= UH7H HEE A
A9 UL B8 HSYL T O EL ARl 4 L ER0 2 formars] AR AA T,
PyArg_ParseTupleAndKeywords ()= ZH& ¥l8sl1, 12| 9o AR LS widsta A 43

AN AY T

!
]_

2, ox 1k ¥
U
Mo o

1o off

l'UN
i Ok rlr
mm EE

ek

: I EAAE AL SHE FES FERAT 7 AS U kwdistoll Rl 719 = wj A AT}
1=

131
AGE A TypeErrorS WA A AUt

T2 Geoff Philbrick (philbrick@hks.com) & | A & 7]¥F 0 & 3} 7] Q=& AR5l of| A RE YU TH:

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

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

int voltage;

const char *state = "a stiff";

const char *action = "voom";

const char *type = "Norwegian Blue";

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

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

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

(TH& sl o] A ol A1)
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(o1 = o) AN A Al%)
Py_RETURN_NONE;

static PyMethodDef keywdarg_methods[] = {
/* The cast of the function is necessary since PyCFunction values
* only take two PyObject* parameters, and keywdarg_parrot () takes
* three.
74
{"parrot", (PyCFunction) (void (*) (void) )keywdarg_parrot, METH_VARARGS | METH_
—~KEYWORDS,
"Print a lovely skit to standard output."},
{NULL, NULL, O, NULL} /* sentinel */
bi

static struct PyModuleDef keywdargmodule = {
PyModuleDef_ HEAD_INIT,
"keywdarg",
NULL,
,1,
keywdarg_methods
bi

PyMODINIT_FUNC
PyInit_keywdarg (void)
{
return PyModule_Create (&keywdargmodule) ;

21.9 99 e F5317]

o] §4+ PyArg_ParseTuple () o WeA AUt thet o] AAH Y]

=

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

PyArq_parseTuple () ol A 1415 & A7 S AFSE 2o ©h9) A EHE A4 AT, A9 22 o] op] 2}
99U th = £ E 7k ohl e} 1 gholo] of F T whel Mol A BE T C 4ol A wHEHE 7] o Ao e Al
shold AA & WEF o

PyArg_ParseTuple () 9] gt 7}2] 2ko] W 2= 3 HA| QA 7L FEF ol o oF 1A gk (Iho] A QA HE5-2
FAURAcr REE 297 fFYUth, Py_Buildvalue () & &4 FES LA+ S5t
E90 2R & ol 2] £ B9l 7 E3E Aol T F 22 YEFHUT. 2o £2d o] 1o} 907 None
= st A 5] st Tl B E £36tW, 22 o] Foold T W 97} V=t AAE
DAY 271710011 19 FE32 A2 DA S S, 20 2ALL BER FoAe

AR (AF-L TE0l1l, LEF-2 A3 oA P UTh:

Py_Buildvalue ("") None

Py_Buildvalue ("i", 123) 123

Py_Buildvalue ("iii", 123, 456, 789) (123, 456, 789)

Py_Buildvalue ("s", "hello") 'hello'

Py_BuildvValue ("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 (" ()") ()

(tH& slo) Aol A%
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(o] A sl o] Ao A A<)

Py_BuildvValue (" (i)", 123) (123,)
Py_Buildvalue (" (ii)", 123, 456) (123, 456)
Py_Buildvalue (" (i,1)", 123, 456) (123, 4506)
Py_Buildvalue("[i,1]", 123, 456) [123, 456]
Py_Buildvalue ("{s:i,s:1i}",

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

1, 2, 3, 4, 5, 6) ((¢1, 2), (3, 4)), (5, 06))

21.10 F¥x 3+

CU Ct++ &} 22 Ao A, oA wr e 54 &3} d A 3= 22 ii:eﬂlﬂﬂﬂ gyt C
o A=, malloc () I free () T E A}J%}o% o] & 433} C++oﬂA1 A2} newsl delete:=
HARo7 L olu|g }&ﬂvdfal HAutz = =95 Co F= Alststzl awv}.

malloc() o2 AJEH REWREE EEL2 free () E FF3] st A i%fﬂ@% A}% Zb5skvReE 22 4
gt5]ojof gyttt AHAlo free () & TE&3tE= Zo] FLI UL &

554 FoW 22 aYo] FRE WA BES A

o
rr o
=,
b =

L)

~
)
S

747 (memory leak)2kal U th. BEd o, =2 T 3H o] B5of thsf fr 2 =S 71]* /\F‘l?f}tt‘
OEmalloc() £3< 5o E55 A E o SEol TAF U ol AL sl w22 AH&517] (using
freed memory)2til kU T} 27|3}5 A ¢k-& tlolH & Fx ke A 22 Ut A3 AUt — 2o

Y, g2 43, v 2H 3 FE.

el wpo] ANA AAL DES FR AN AR YU o E Sof, Fr v 22 TY
331, of | A4S 3 The, B2 oA AT 5 AUk o)A F4el B e &7 Aol WA o] o7
272 ZASE A g 3 AAE 252 §47F 2700 BB 5 U5 FUh o] 27 DS S FHT
ﬂﬁ%ﬂ%%ﬂiEl%ﬂ%wmé 714 S
)

%135%%%Hﬂ4~ﬂ°Mﬂ%a
% . 2] 22 B RO A7k o] %017 ],
FEREEEELY

o
o) 241 A 2 of & B 714 o
* S A G

e malloc ) I free () & Bol AREsH7] W o], Wl 2 2] 7o Al v 2 2] A2 3]sk ek

Aot AElE WS FZ 34 M| 7| (reference counting)BFal U Tk YEl= Zl“ﬂ'@"/]q 2E AA =

2373y ﬂﬂﬂﬂwﬂ“ﬂﬂﬂWﬂﬂiﬂﬂﬂﬂﬂﬂﬁgﬂ%ﬂﬂlﬂzﬂ“ﬂgﬂﬂi%
Uttt 7 E 7H0ol] =2atd, Aol o gt mpx] ek 2 7F AA|E A o] a1 AR 7} o Al g U T

A Ae A5 7 A 5= F (automatic garbage collection) 0] gt gyt (2=, FX 35 A7 7 A
T3 A=rolgtaL A, 7 7HAE 7] H8 “AHs7 e sy Th) AHs 7l A /\Z]-/] M ERES
AgA7F free O E HAIA LR T2 o7 ltE AUtk (E vhE FAE olH 2 SE U R AS
2] R o] A vk — o] & A g ApA o] obdyth) B2 Co A 7\‘:]:'5{—@)\ A7 ol A4 Al 7+
T YA (P malloc () Ffree () EAE T F e T—ole CEF EATUTH, AA = o] 44 3=
7‘]'5 7Ha] A] 4\—@7]7}04‘;]’— ?:114“/]' AA7FCE Asl SE3] 1A e A5 7HIA =H 7 E A T
A= AdUTh Tu71A], f2e Fx A5 A dotop &

7
sl e AE A Fz A4 A/ TAS AT, FE B2 FAF
]

o C
-
=]

21 3 2 gAtE 2B AN E AZ YL o &
ol 98 22 494 AL A0 £ FEE VEL A0l o] Fx A5 W ALG o] 7AE
7hal 2] 579 ek AU Th ol B3l 24 5HA Skobe Buth FE £F (P W g A 0 2) A4l vh 3t
B2g THoe AN 745 oA, w8 7 AR £ 00] o A2 A58 etk AA B2 A5
A7 FRAN L 28 AR B3 77§27} elehe 32 2@e] Aol Soht vmel e Bl £
AA A F2E W2 E 25T 5 fgIth

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.
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sho] Aol A Fx 35 Al 7]

Py_ DECREF<) = f7P of =23t AAE A}V = FUch F<
5}11 FEUt— oA, Ao ¥ Z‘n‘iﬂ(typwbject)ﬂl Je T ZUHE
2 3 2E Aol e AT P AR HH £AHE 2FgF YT

o|A] & AFo] Fsyut}: AA| Py_INCREF (x) 2 Py_DECREF (x) & AFE U712 WA & 7}x] 0] 5 47
SHAS UL ol F = A A& “A - (owns)” 34| 0}/\1/]‘—/} 119 Ur, Zﬂ o i3t A= i—?r(ownareference)a
T AU AA S Fx Sl o)A °l 7“%1101] g3t FxE aft s Jg Ut A2 a2/ He
ﬂ27} 9287 9L 1] Py_DECREF () ZeloF Utk Iz 2742 FET 5 AFYT 27T
T2 E AR Al 7HA g ) Mwu}. ﬂ &, 217 9l Py_DECREF () £&. 2% F=2 <

Fx 3o FHe FAE Agste 7 /NS W2 E Py _INCREF (x) £ Py_D ECREF( ) 7F 5 U th
A %
H

e m
mlm
R
Mo
X<}
D)
52

W2 ]'a"“téh%q

AA ol T3 FRE A8 = (borrow)’ A% 75Ut =29 tf o] X} (borrower) = Py_DECREF () 2 S <3
e dFych ogxt= 4= %X}ED}E‘] e AAE M= FFEYUTE 2aFAE AR T 0"
Z2E A A E w2 E AFEE Aol JdoiA Al &) oF T,

T2 AFo v afq] e 79 o] H E%%:} 7MsSt BRE ARAA F2E AT o7t glvhe
AdUt—F, U2 A2 E ARSI 27] 5 Al =79 913 o] ‘31%‘45]'- AF3tE Ao vlef del=
Aol dde, 27| = vl A=A U HE AFATTAAZ = FRE A S To 28 Fx7HAMSE
T A= v B Ao o AY Yt

dE B2e Py INCREF () T2 A F2E ML £ AT o] F2S UYL 2A
JEfol] TS v A A 14‘:]'—/‘“3—" AfE F2E BHELD, AT 252 AAS FAFTUT (o] A
AFAHET obY 2h A Af A= AR E EntEA A &ES) oF &Yt

a4 3

AA B2 G5 FHOT A2 ujvteh, £FA0) FR FA ADH A 1A FLAE G5 AHH o
A K E R

AR et Fx2E vHEe = g FEY ?}—’F% Gz 84 A4S AL¥ Uy 53,
PyLong_FromLong ( ]b]-Py BuildValue () o= =

A 2ol Al A3y D‘r- AA 7} DA 2 A AX 7k OMHE}E, o] 28] sl A A ol of st Af

Syt ol & 9], PyLong_FromLong () & &3] AMHS-H & 3] HAIE F A3t A
F2E WBT 5 dFUh

g2 AAdA AAE FEE B2 -5 Fx2S 34 2 /42 Xd%ﬂblﬂr Oﬂ% =]
PyObject_GetAttrString (). Z& Y & 7} &ukA Q] 1 ﬁq
t}: P PyTuple_GetItem(),PyList_GetItem(),PyDict_GetItem(

W RE, s Eh G el W e i e

PyImport_AddModule () $4E AAE WEHshE AA 2 whE 4 IA W e 222 W3 Th: AAlo
I8 R 8 227} aya modulesd] A 5] 901 uh Eol 7 gL

MRS UE DA AIT T YA o2 PoL AR LRE 2B AYIY - F2E AT

oF 319, Py_INCREF ( }\]——&6]-01] 5%1 2927 9y

PyTuple_SetItem() JJrPyLlst SetItem(). ©] ;jl_/,:_‘;—% A

Asjstelgt=! (PyDict_SetItem() L AFEL &

C sL_/;7} glo|HoA] TEH E%Z}Et‘ SRR PARS)
G357 W), A Fxe] UL 3 :

Zﬂ%l*ﬁﬂ of 3t wj 9}, Py_INCREF () &

o P
rok
20
N
i
T
Lt

fotr r]
i u°1
o
9
[
Jo
ot
P
BN
fu
rH
il
2
2o
Eg_',
v
v

2 %z 1) 7] (borrowing)” S 3] SHEEA U Th 2f b ol A3 & ARS 73 95U
L FE LA I GAA AL AL A i — 2 A5 AA A A D W20l 9E 5 oA T Aol A A2
/\ o
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shol Mol E2H C 4ol A MAE A4 F2E 458 B FUD — £ HAL BoolN 5242
AU,

Alo] O

= =a=]

Ar 7o) Fal g 0d Fxo) Ago] BAE dod 5 Qe ¥ 74X A%l AU o] ASE BT Fxo
PN B2 EARIEE T4 Qe AB =

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

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

o] B WA 1ist[0]o] TS HXE W ThS, 1ist[1]1 € 002 MR, njxvtoz W B2 8
A Gt} Lol s Ko 222 A W 1A b LI cH

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 callits __del__ () method.

Since it is written in Python, the __del__ () method can execute arbitrary Python code. Could it perhaps do something
to invalidate the reference to item in bug () ? You bet! Assuming that the list passed into bug () is accessible to
the __del__ () method, it could execute a statement to the effect of del 1ist [0], and assuming this was the last
reference to that object, it would free the memory associated with it, thereby invalidating item.

A 9 gy, s d 2 daUth A F R Fx eSS L. S0kE M A

e 25tk

ndt

rlr

2~
T

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

Py_INCREF (item) ;

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

Py_DECREF (item) ;

This is a true story. An older version of Python contained variants of this bug and someone spent a considerable amount
of time in a C debugger to figure out why his __del__ () methods would fail--*

W F2o A7 Y= F iR A 2des AdE Ay JUch drg oz sho|H o) Aa| AA FH-&
B3 A o] glojA, ho] QA Z B9 o8] 2aF =& o2 2159 2o 7101E 5= gl Utk 18,
W 32 & Py_BEGIN_ALLOW_THREADSE A}-&3}lo] o] & AA| Ao 7 3A|3}1 Py_END_ALLOW_THREADS
E A3t A B R E 4 St o)l = B2 /0 SE A E8HY, V07 $EH 7 & Ve s 5ok thE
~HE ZR2ANE AT S QLS FU 23, b G5 ol B4 2 FA A5 Ut
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void
bug (PyObject *1list)
{
PyObject *item = PyList_GetItem(list, 0);
Py BEGIN_ALLOW_THREADS
..some blocking I/O call...
Py_END_ALLOW_THREADS
PyObject_Print (item, stdout, 0); /* BUG! */

NULL =%9I¥

Ao g, A FxE AARE Hote T NULL 2AEE AT 2102 7|37 ko, 287 3Hd
FolE HzdYrh (£ o] F2] o]l d2E FTIUTH. AA FxE tdste e ditg o o 97}
Yo YEH 7] Sl A S NULL S B U o NULL QIAFS AAFSEA] e ol @S0l 5% ARl o]
T2 AA S vE Feol Agsr W2 AUt — 2 7k Nvine AARR T, S5 AR “}Ol ““ﬁ?fh
FE7HY =2 A AgP

NULLY & 9+ ZAE7F A8 uf “AA”o AR NULLE AARHE 2ol £5 Ut & £9f, malloc ()

I oNSE AN D e B

W =2 & Py_INCREF () & Py_DECREF () = NULL ZQEE AASA dH5Uth — A 259 HY
Py_XINCREF () &} Py_XDECREF () = &<lgrc}.

EQ AR P& &) $13 |22 (Pytype_Check ()= NULL £ EE A 55Utk — oA, ol g

71t st Bl sl AAE A A 4 N ALHA o] 52 o] Wl BB LT} BobA, B2 AA
AE YUtk NULL FAE ot WP glsyTth

CrzsmrYE2C ZZ;TOH A AR} FF (o] o M= args) ] ol NULLe] obd < BAZdYth —
AARE FAFELS E2FUTH.

NULL 21 & sho] 8 AR ALl Al “wb A U 7HA]” BHE &= 21 A 243k of 2] g Y ot

2.1.11 C++=2 3 243} 7)

CHEZZRES AT T dsUth dF At Aol A&g Ut W =2 20 (3] A A Z 2 H)
olC AL HE Ao 1 A, A7 A= A Aol A A (static) A& AHET 5= 5T #H
Z2I90I o AU J28 FR A 271 G vk Aold A=A} 229 B (59

E 27|13 &) Eextern "C"E A8t A A of Tt extern "C" 2ol Y sl =
-‘%é*é %%i HE‘r— __cplusplus 7|37} A d (e HA C++94JJF<>1317} o] 7132 Hol 3t}

B 2 BES B shol Mol ST AR L §49 B ABIHAT, W g BEY BT} ThE 3
50§82 YEUTh oS Bo], FAREL ¢4 gt JAEAY AFAAAM P 7AL 4+
&UTh £ shold P 2E Yo H mEo| | AEES WET 22 4 QA S C AP/ 9l A,
o] =& AeH Yol ThE BF BEAN 47 24T 5 It C ¥4 Aol ook T

Aol o] A2 412 AHH HAUTH 9A F48 FAIL (BE staticd AA3A g, 443 3
S AT, CAPIE BB FUCh AP o] 28 W E §4 wEo] G4 spol Al A ZelEjg} AA oz
Ao} drie AEFUD. 1el i} BES B4 ol nel 2 A8 e, B 20| B A5} e

teodEr 2B 52 AL ART T o] HAL FAHA BHUT — o] AL A A8 )& ZEo A Bro] HAF T,
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oA HolA] e 5 FUth 7Y Al AR 2 QG Al Aol whet o s ol™ A|AE2 shol i
a SEi9l BE 37 REol it A o] F F7S AR W (o8 So] AEP), TE AAUL
T JI AN JEE H= 739 552 YA AL E 873 AU (AIX7} st ol Ay, o 2] A5
Hwﬂ*mciﬂﬂﬂm1%ﬂﬁﬂélﬁﬂﬂiﬂﬁ Moz oty sEed L B4E 714
Fo] o} ZET A 4S5 ALK
webA] o] Aol = 71 % ZFAl Aol thall 7HE 8HA] eka Aol & E U th ol AL thE B R ER| ol 5 FE
L 035 uAH REL 273 E ALY B A RE RE J|TE statlcﬁi Adsfof = Sk
(‘“"1 EE WA= 1°]HJ%X71§}@¢°1]/\ ARE o)), 281 o] the B EEoll Al A A s of et

S 7158 ThE Ao 2 g dol 32 o g

Python provides a special mechanism to pass C-level information (pointers) from one extension module to another one:
Capsules. A Capsule is a Python data type which stores a pointer (void*). Capsules can only be created and accessed
via their C API, but they can be passed around like any other Python object. In particular, they can be assigned to a name
in an extension module’s namespace. Other extension modules can then import this module, retrieve the value of this
name, and then retrieve the pointer from the Capsule.

24 252 CAPLE =33kt o 42 AHS3hE Polt of 2] b7t Atk 2 g7k A e e
DI RECAP ZAE L AGA NS SAE Aew AN S dgn T 2deE ATt
AV e A9 e HES Aot BED FetolE BE o of o A0 R $48 5 gHuTh

Whichever method you choose, it’s important to name your Capsules properly. The function PyCapsule_New () takes
aname parameter (const char*); you’re permitted to pass in a NULL name, but we strongly encourage you to specify
a name. Properly named Capsules provide a degree of runtime type-safety; there is no feasible way to tell one unnamed
Capsule from another.

=8, CAPIE B/15He B A8 & el Bhg 720 He} o B2 A A aof ok

[modulename.attributename

9] &< pyCapsule_Import () & AFE3ld HES 53| Al5E CAPIS g4/ 2= & 5 IAwW, A&
01%01 1 AL AT wj vk 1ZF Ut o] 52 C API ARE Aol Al A4l o] 2 & & & ol SulE C API
7]—5"_@'Q01 %l‘j"‘— pj')\\_]_a qu/]'

The following example demonstrates an approach that puts most of the burden on the writer of the exporting module,
which is appropriate for commonly used library modules. It stores all C API pointers (just one in the example!) in an
array of void pointers which becomes the value of a Capsule. The header file corresponding to the module provides
a macro that takes care of importing the module and retrieving its C API pointers; client modules only have to call this
macro before accessing the C API.

The exporting module is a modification of the spam module from section 7+%+3} o], The function spam. system ()
does not call the C library function system () directly, but a function Py Spam_System (), which would of course do
something more complicated in reality (such as adding “spam” to every command). This function PySpam_System ()
is also exported to other extension modules.

The function PySpam_System () is a plain C function, declared stat ic like everything else:

static int
PySpam_System(const char *command)
{

return system(command) ;

}

The function spam_system () is modified in a trivial way:

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

const char *command;

(H& sl o] Al ol Al )
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(o] A H o] A | A AL
int sts;

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

sts = PySpam_System (command) ;

return PyLong_FromLong (sts);

BEY AF F oA, The F w2 Thef

{#include <Python.h>

ge § 22 1 Z7eloF gtk

#define SPAM_MODULE
#include "spammodule.h"

#define 3T Sh o] ZefoldE BEo] obd YL BE 2EL Leli o A-2F Uk vixute
2, BEO] 27]8 §5 = C APl LA WAL 27518 of o}

PyMODINIT_FUNC

PyInit_spam(void)

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

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

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

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

if (PyModule_AddObject(m, "_C_API", c_api_object) < 0) {
Py_XDECREF (c_api_object) ;
Py_DECREF (m) ;
return NULL;

return m;

Note that PySpam_APT is declared stat ic; otherwise the pointer array would disappear when PyInit_spam ()
terminates!

2] 22 8t 91 spammodule. holl 9low, B3 ZF Ut

#ifndef Py SPAMMODULE_H
#define Py SPAMMODULE_H
#ifdef cplusplus
extern "C" {

#endif

(H& sl o] Al ol Al )
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/* Header file for spammodule */

/* C API functions */

#define PySpam System NUM 0O

#define PySpam_System RETURN int

#define PySpam_System PROTO (const char *command)

/* Total number of C API pointers */
#define PySpam_API_pointers 1

#ifdef SPAM _MODULE
/* This section is used when compiling spammodule.c */

static PySpam_System_ RETURN PySpam_System PySpam_System_ PROTO;

#else
/* This section is used in modules that use spammodule's API */

static void **PySpam_ API;

#define PySpam_System \
(* (PySpam_System_ RETURN (*)PySpam_System PROTO) PySpam API [PySpam_ System NUM])

/* Return -1 on error, 0 on success.
* PyCapsule_Import will set an exception if there's an error.
7

static int

import_spam(void)

{

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

}

#endif

#ifdef ___cplusplus
I3
#endif

#endif /* !defined(Py_SPAMMODULE_H) */

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 initialization function:

PyMODINIT_FUNC
PyInit_client (void)
{

PyObject *m;

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

(TH& s o] A ol A <)
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return m;

pammodule.h7} Tha ¥atsithe AUtk 2, 718 FEE YR
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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 24P Ao Selw, A G AAE B ol 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:

Far: 7)o FAISh= A& B AR (static) BFH S Aot AFAA FHYUTE HEEY = AF
aff of @ th C API+= 3 PyType_FromSpec () @75 AFES] § @9 43 = 4 &5 A5yt

o] A4 Mol A TR BT,

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

typedef struct {

PyObject_HEAD

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

static PyTypeObject CustomType = {
PyVarObject_ HEAD_INIT (NULL, )
.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

24 Chapter 2. A4t =7 glo] 3 THE7]
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static PyModuleDef custommodule = {
PyModuleDef HEAD_INIT,
.m_name = "custom",
.m_doc = "Example module that creates an extension type.",
.m_size = -1,

bi

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

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

Py_INCREF (&CustomType) ;

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

return m;

oAl T Wl v oF & A o] WA, o] v sl Kol 7€ viE Yt o] 32 Al 7HAE Ao gy th:

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

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

3. How to initialize the custom module: this is the PyInit_custom function and the associated
custommodule struct.

A 22

typedef struct {
PyObject_HEAD
} CustomObject;

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

23: PyObject HEAD |2 o= Aln| 20| YlguUth A4 2 2rbete Ad 2o oA 2 AR
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typedef struct {
PyObject_HEAD
double ob_fval;
} PyFloatObject;

= ) AL 8 A9 Hel g,

static PyTypeObject CustomType = {

PyVarObject_HEAD_INIT (NULL, 0)
.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,

FFa: A 2R = BEPyTypeObject TEE UEaA] ¢ =9 A A E A 27 gkogH,
ol o} Z+o] €99 2~ EFY 2] ] 1 (designated) X 7] A} AR 3= 2l o] £5UTh

object .holl Qi PyTypeobject o] AA] Aol 919 o Rt} o BL BES R5UTH U2 BEEC
Astdeiol 93] 022 A9 An, Do oA row WA Ao QA ohe Ao] kAU,

% wlo 9 WA whe thee gtk

[PyVarObj ect_HEAD_INIT (NULL, 0)

o] £ 91914 QF T ob_base BEE 2715517 918 B4 g7 AT

[.tp_name = "custom.Custom",

2] B9 ol F. o] A& AA 9] 7R HAE ¥ R oy wA A o] YEbEU T Al E 01

>>> "" + 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 = 0,

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

ZF31: 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 first in
its __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.

26 Chapter 2. A7t =7 10| 873 ¥HE7]
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We set the class flags to Py_TPFLAGS_DEFAULT.

[.tp_flags = Py_TPFLAGS_DEFAULT, J
RE YL o 452 Fe) o] TP or Tk Holx sholu 337b4 HelW BE WS B4k
Z7h ezt B2 5ha, 59 Ee) 12 OR s of k.

tp_docel Fo SAEH S AT ch

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

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

[.tp_new = PyType_GenericNew, ]

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

if (PyType_Ready (&CustomType) < O0)
return;

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.

Py_INCREF (&CustomType) ;

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

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

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

oA AFYYH ol A2 WEst= AYUTH 99 ZT=E custom.cBhE 3ol Y1

from distutils.core import setup, Extension
setup (name="custom", version="1.0",
ext_modules=[Extension ("custom", ["custom.c"])])

£ setup.pydhe ¥ 42 th5; o2&

[$ python setup.py build ]

Aol A G 5he A8 T A 2ol 39 custom. so& A Aok T T P Tl A E 2 2 o ko] shol WL
Al 28 Al & — import custom & 4 913 Custom AAZ & 4 A5F5Y T}

287 oA eyt 2187 @uar

22, 87 Custom B¢ 12 F01E A G5 UTh HlolE 7} 913 ol R AE 8 ehguth AR 2N EA B

T A5 Uh

ZF31: While this documentation showcases the standard distutils module for building C extensions, it is recom-
mended in real-world use cases to use the newer and better-maintained setuptools library. Documentation on how

22. %39 3I5b): A4 27
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to do this is out of scope for this document and can be found in the Python Packaging User’s Guide.

2.2.2 7]z ol Ao tlo|El 2} Wl A = 3 7}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’ll
create a new module, custom? that adds these capabilities:

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

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

} CustomObject;

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

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

CustomObject *self;

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

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

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

}
return (PyObject *) self;

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

if (!PyArg_ParseTupleAndKeywords (args, kwds, "|00i", kwlist,
&first, &last,
(th= s o] A ol Al%)
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&self->number) )

return -1;
if (first) |
tmp self->first;
Py_INCREF (first);
self->first first;
Py_XDECREF (tmp) ;

}
if (last) {

tmp self->last;
Py_INCREF (last);
self->last last;

Py_XDECREF (tmp) ;

}

return 0O;

static PyMemberDef Custom_members]] {
{"first", T_OBJECT_EX,
"first name"},
{"last", T_OBJECT_EX,
"last name"},
{"number", T_INT,
"custom number"},
{NULL} /* Sentinel

offsetof (CustomObject,

*/
bi

static PyObject *
Custom_name (CustomObject *self,

{

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

}

if (self->last == NULL) {

PyErr_SetString (PyExc_AttributeError,
return NULL;
}

return PyUnicode_FromFormat ("$S %S",

static PyMethodDef Custom_methods][] {
{"name", (PyCFunction) Custom_name,
"Return the name,
}I
{NULL}

/* Sentinel */

bi

0

static PyTypeObject CustomType
PyVarObject_HEAD_INIT (NULL,
"custom2.Custom",
PyDoc_STR("Custom objects"),
.tp_basicsize sizeof (CustomObject),
.tp_itemsize = 0,
.tp_flags Py_TPFLAGS_DEFAULT |
.tp_new Custom_new,

{
)

.tp_name
.tp_doc

offsetof (CustomObject,

offsetof (CustomObject,

PyObject *Py_|

self->first,

METH_|
combining the first and last name"

first), O,

last), O,

number), O,

UNUSED (ignored) )

"first");

"last");

self->last);

NOARGS,

Py_TPFLAGS_BASETYPE,

(th= sl o] Aol Al%)
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.tp_init = (initproc) Custom_init,
.tp_dealloc = (destructor) Custom_dealloc,
.tp_members = Custom_members,

.tp_methods = Custom_methods,
bi

static PyModuleDef custommodule = {
PyModuleDef HEAD_INIT,
.m_name = "custom2",
.m_doc = "Example module that creates an extension type.",
.m_size = -1,

bi

PyMODINIT_FUNC
PyInit_custom2 (void)
{
PyObject *m;
if (PyType_Ready (&CustomType) < 0)
return NULL;

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

Py_INCREF (&CustomType) ;

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

5
Thg 3} 22 571 33 (include) & F 7135 U Th:

[#include <structmember.h> ]

o] 22 yFoll Adste AAH o] ELFEE At vl AHSshe Ade ATtk

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.

AA F2A < v 2o g

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

} CustomObject;

olAl & & vl olE 7} A7) w2 oll, AA & D Aol A3l v AT oF FUt H 2T, EF A
A =7 2yt
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static void
Custom_dealloc (CustomObject *self)
{
Py_XDECREF (self->first);
Py_XDECREF (self->last);
Py_TYPE (self) >tp_free ((PyObject *) self);

o] tp_dealloc WH ol ti B U

[.tp_dealloc = (destructor) Custom_dealloc, :

This method first clears the reference counts of the two Python attributes. Py_XDECREF () correctly handles the case
where its argument is NULL (which might happen here if tp_new failed midway). It then calls the t p_ 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.

Zr31: CustomObject * QAL HJEE Custom_deallocS FOPA W, tp_dealloc &5 EQAEH =
PyObject * QIAHE W& 210 & 7|t)357] w2 ol 919 destructor®22] WA A HAE7L a3t
294 gow, Antdelel A A 17k HATU . ol Aol C2 S A7 AP T4 e

gl A3t o]Bol ¥l ExE 2 27|38t =2 313 A o)A, tp_new 3L A3}

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

}
return (PyObject *) self;

283 22S tp_new W] A X3}

[.tp_new = Custom_new,

)

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

tpnes Aoda e e Y4B o ar} And s 5 e custontypedl A8 P
B Yol 529w AGE BE AL ADH v, w50l JAAHAE VY A% /| H Tk tp_new
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Z31: A zZ eI A H & AolgtA, tp_news HA|HA O Z tp_initE &34 ¢k FH Ut

tp_new 7+ tp_alloc €X% = Tt W2 &

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

m 2] o] A = 9lojA], Y7 Aol tp_alloc A37FNULLO] obd #] 2ls] oF Tt

#3:: Selttp_alloc 222 44 A9 A FgEUh A PyType_Ready () }ﬂl Zeja ()2 A
© % object YUTHoI A A& 3t o] 2 AUt hREY §& 7| H B Ak AL
ZF31: 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 t p_new directly, or via t ype->tp_base->tp_new. If you do not do this, Python
subclasses of your type that also inherit from other Python-defined classes may not work correctly. (Specifically, you may

not be able to create instances of such subclasses without getting a TypeError.)
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static int
Custom_init (CustomObject *self, PyObject *args, PyObject *kwds)
{
static char *kwlist[] = {"first", "last", "number", NULL};
PyObject *first = NULL, *last = NULL, *tmp;

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

return -1;

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

}

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

}

return 0O;

O] AC & tp_init €& Atk

[.tp_init = (initproc) Custom_init,
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The tp_init slotis exposed in Pythonasthe ___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 t p_new handler, there is no guarantee that tp_init is called at all (for example, the pickle module by
default doesn’t call __init__ () on unpickled instances). It can also be called multiple times. Anyone can call the
__init__ () method on our objects. For this reason, we have to be extra careful when assigning the new attribute
values. We might be tempted, for example to assign the £irst member like this:

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

self->first = first;
I3
AT o] A AT S2] L Firse WHo] B ATA Fobd, BE R AN 5 A%
oh first W o] o M 28he 3 A s MESL AR w5 Skt 5 471 918§ Qg T EE 5 4]
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static PyMemberDef Custom_members|[] = {

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

{"last", T_OBJECT_EX, offsetof (CustomObject, last), O,
"last name"},

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

{NULL} /* Sentinel */

bi

133 tp_members % Ao E 5yt

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

N,

A8 A BAGII RE 2487 2L LY AL S AT 2
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static PyObject *
Custom_name (CustomObject *self, PyObject *Py_UNUSED (ignored))
{
if (self->first == NULL) {
PyErr_SetString (PyExc_AttributeError, "first");
return NULL;
}
if (self->last == NULL) {
PyErr_SetString (PyExc_AttributeError, "last");
return NULL;
}

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

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

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

Note that we have to check for the possibility that our first and last 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’ll see how to do that in the next section.

oAl MM EE s UTH FIME Ao v dS e ofoF Futh:

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

bi

(note that we used the METH_NOARGS flag to indicate that the method is expecting no arguments other than self)
283 tp_methods €& i 4 & th:

[.tp_methods = Custom_methods, ]

Finally, we’ll 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:

[.tp_flags = Py_TPFLAGS_DEFAULT | Py_TPFLAGS_BASETYPE, ]

We rename PyInit_custom() to PyInit_custom2 (), update the module name in the PyModuleDef struct,
and update the full class name in the PyTypeObject struct.

A et 7, A 5 WES 7] $5) setup.py FAL AT

from distutils.core import setup, Extension
setup (name="custom", version="1.0",
ext_modules=|
Extension("custom", ["custom.c"]),
Extension ("custom2", ["custom2.c"]),

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

#define PY_ _SSIZE_ T CLEAN
#include <Python.h>
#include "structmember.h"

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

} CustomObject;

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

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

CustomObject *self;

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

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

Py_DECREF (self);
return NULL;
)3
self->last = PyUnicode_FromString("");
if (self->last == NULL) {
Py_DECREF (self);
return NULL;
}
self->number = 0;

}
return (PyObject *) self;

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

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

if (first) {
(THS o] Aol Al %)
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tmp self->first;
Py_INCREF (first);
self->first first;

Py_DECREF (tmp) ;

}
if (last) |

tmp self->last;
Py_INCREF (last);
self->last last;

Py_DECREF (tmp) ;

}

return 0;

static PyMemberDef Custom_members|] {
{"number", T_INT, offsetof (CustomObject,
"custom number"},
{NULL} /* Sentinel

number) ,

Y
bi

static PyObject *
Custom_getfirst (CustomObject *self,

{

void *closure)

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

static int
Custom_setfirst (CustomObject *self,

{

PyObject *value,

PyObject *tmp;

Py_INCREF (value) ;
self->first value;
Py_DECREF (tmp) ;
return 0;

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

Py_INCREF (self->1last);

return self->last;

static int
Custom_setlast (CustomObject *self,

{

PyObject *value,

(o] sl o] A o A A <)

0,

void *closure)

if (value == NULL) {
PyErr_SetString (PyExc_TypeError, "Cannot delete the first attribute");
return -1;
}
if (!PyUnicode_Check (value)) {
PyErr_SetString (PyExc_TypeError,
"The first attribute value must be a string");
return -1;
}
tmp = self->first;

void *closure)

(th= sl o] Aol Al%)
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PyObject *tmp;
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;
}
tmp = self->last;
Py_INCREF (value) ;
self->last = value;
Py_DECREF (tmp) ;
return O;

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

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

bi

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

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

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

bi

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

bi

static PyModuleDef custommodule = {
PyModuleDef_ HEAD_INIT,
.m_name = "custom3",
.m_doc = "Example module that creates an extension type.",

(th= sl o] Aol Al%)
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.m_size = -1,

bi

PyMODINIT_FUNC
PyInit_custom3 (void)
{
PyObject *m;
if (PyType_Ready (&CustomType) < 0)
return NULL;

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

Py_INCREF (&CustomType) ;

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

return m;

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

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

Py_INCREF (self->first);

return self->first;

static int
Custom_setfirst (CustomObject *self, PyObject *value, void *closure)
{
PyObject *tmp;
if (value == NULL) {
PyErr_SetString (PyExc_TypeError, "Cannot delete the first attribute");
return -1;
I3
if (!PyUnicode_Check (value)) {
PyErr_SetString (PyExc_TypeError,
"The first attribute value must be a string");
return -1;
}
tmp = self->first;
Py_INCREF (value) ;
self->first = value;
Py_DECREF (tmp) ;
return O;

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

%8 Chapter 2. A4t =7 glo] 3 THE7]
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in the closure.)

The setter function is passed the Cust om 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.

PyGetSetDef FZ A9 g S w5 Urh:

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

bi

123l tp_getset £X 0l S5

[.tp_getset = Custom_getsetters, J

PyGetSetDef FZ A9 u}z| 8} FE-2 oA AFSF“F2A"JUt} o] A%, 2ZAE AL 31A] oA,
NULLR A&y}

o] 3 o ETFE tie W HoE A AT

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

bi

w3 RGN AYH R tp_init 42712 A8 oF Fth:

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

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

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

}

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

(TH& sl o] Al ol Al %)
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}

return 0O;

—~

o)A WAL =3, first 2 last Wu 7} At NULLo] ofugha EAIEF 4 9lo) A, A Q] BE A2 NULL
3 AAE AAT S AH Tk o] AL RS Py XDECREF () $%°] Py DECREF () 3%2 W%d 4
Aere gt o2 35S AAT 5 e F YT 4+ tp_dealloc FEAA QT tp_newdl Al
ol Wo] 2737 AL TIsA ol Y5t

w3 o)A} uf AR 7, 27|35 S BE 273 S50 BE o] 2 vl T, setup.py Lol =7}
A9 E 27U

stolwol £ Fx R%7100] obd M= BB AH S APE £ Q= =8 /A £747] (GO AUt
AL ATt B ZATu) Lol 5 %q A& Bol, g v SN 2

>>> 1 = []

>>> 1.append(1l)

>>> del 1

o) AoIA, AN E EREE BlAEE AEYT AANE A AA B2 sk B2 ASsT00R
ol A gksUth b A HAE, sho] Mo 3 7 A A7 = A= g2 E 7L 7 A 2 gl skar s A

.
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, Cust om 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 "structmember.h"

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

} CustomObject;

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

SR o 2B REA EAD AAHAE A A%, AL U str AH SHLE ADT 5 dolA o] A FE £ HS
uLE 2~ o ﬁb]\;].
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Py_VISIT (self->first);
Py_VISIT (self->last);
return 0;

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

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

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

CustomObject *self;

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

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

Py_DECREF (self);
return NULL;

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

}
return (PyObject *) self;

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

(th= sl o] Aol Al%)
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Py_DECREF (tmp) ;

}

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

}

return 0;

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

bi

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

Py_INCREF (self->first);

return self->first;

static int
Custom_setfirst (CustomObject *self, PyObject *value, wvoid *closure)
{
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_INCREF (value) ;
Py_CLEAR(self->first);
self->first = value;
return 0O;

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

Py_INCREF (self->last);

return self->last;

static int
Custom_setlast (CustomObject *self, PyObject *value, wvoid *closure)
{
if (value == NULL) {
PyErr_SetString (PyExc_TypeError, "Cannot delete the last attribute");
return -1;

I3
if (!PyUnicode_Check (value)) {

(th= sl o] Aol Al%)
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PyErr_SetString (PyExc_TypeError,
"The last attribute value must be a string");
return -1;
}
Py_INCREF (value) ;
Py_CLEAR (self->last);
self->last = value;
return 0O;

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

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

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

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

bi

static PyTypeObject CustomType = {
PyVarObject_ HEAD_INIT (NULL, O)
.tp_name = "custom4.Custom",
.tp_doc = PyDoc_STR("Custom objects"),
.tp_basicsize = sizeof (CustomObject),
.tp_itemsize = 0,
.tp_flags = Py_TPFLAGS_DEFAULT | Py TPFLAGS_BASETYPE | Py_TPFLAGS_HAVE_GC,
.tp_new = Custom_new,

.tp_init = (initproc) Custom_init,

.tp_dealloc = (destructor) Custom_dealloc,
.tp_traverse = (traverseproc) Custom_traverse,
.tp_clear = (inquiry) Custom_clear,
.tp_members = Custom_members,

.tp_methods = Custom_methods,
.tp_getset = Custom_getsetters,
bi

static PyModuleDef custommodule = {
PyModuleDef_ HEAD_INIT,

.m_name = "custom4d",
.m_doc = "Example module that creates an extension type.",
.m_size = -1,

bi

PyMODINIT_FUNC
PyInit_custom4 (void)

(th= sl o] Aol Al%)
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PyObject *m;
if (PyType_Ready (&CustomType) < 0)
return NULL;

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

Py_INCREF (&CustomType) ;

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

return m;

A, B (traversal) Pl =& €8 GC7F ol Fol@ 4 e A2 AA ol thall & = =5 Ut

N

static int
Custom_traverse (CustomObject *self, visitproc visit, void *arg)
{
int vret;
if (self->first) {
vret = visit(self->first, arqg);
if (vret != 0)
return vret;
I3
if (self->last) {
vret = visit(self->last, arg);
if (vret != 0)
return vret;
I3

return O;

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.

spol 2 visit &+ TES AHFek= py_vISIT() 2 E2E AlFF Ytk Py _VISIT() & AF&3Hd,
Custom_traverseo A & 4 A3 e 4+ Jd5yh:

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

Py _VISIT (self->first);

Py_VISIT (self->last);

return O;

Fa: Py _VISIT() & AHESHE | tp_traverse FHOA] QAL o] 55 visit T} arg® 7 B3} A| A] 78 3fl oF
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static int
Custom_clear (CustomObject *self)
{
Py_CLEAR(self->first);
Py_CLEAR(self->1last);
return 0;

Py CLEAR() W3 & AF& o] FEFAA L. IR IALE ZoldA] g9 o 4 11‘4 01 E]vE
A= Wﬁ* 3y NULLE dAst7]) Aof| ol ERRE S
JEFHE] 44;}7} CJEYREE TIA & TE (538 Fx 8o Jow)S DP/‘] E%f’a 7V
AFYrh

i 53 Zo] Z/d3ste] Py _CLEAR() § ol Ed o] AT 4 A5 th:

PyObject *tmp;

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

IR s, o EFES AT vl F4 Py _CLEAR() & AH&3H717F 2 L o7 Ag Utk AuAd<
Sy stE A ARk 2 A 52 Al shA] nRY Al L)

@ & A 7] Custom_dealloc AJEFREES A uf 499 =5 32 5 AFUH o=
NA £ GC7tEEA 2 913 = 4“]?&‘4‘3} GCE Iz ;—1—7P0°l obu gt 74 5t 7] wff & o,
W Z 2]97] Aol PyObject_GC_UnTrack () & 3 &3} GC01]/H AR = 2R 3] A 5] oF 3t}
PyObject_GC_UnTrack () ¥ Custom_clears AF&3lo] oAl £ H &F A 7] J Y}

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

Finally, we add the Py_ TPFLAGS_HAVE_ GC flag to the class flags:

[.tp_flags = Py_TPFLAGS_DEFAULT | Py_TPFLAGS_BASETYPE | Py_TPFLAGS_HAVE_GC,

7 oAU th A8 A A9 tp_allocolt tp_free A el 71§ Ao, 23 7hi A 578 913 o) 2
GAS ok FUTE Y Re A9 AF o2 ATH NAE AS AL
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In this example we will create a SubLi st type that inherits from the built-in 11 st type. The new type will be completely
compatible with regular lists, but will have an additional increment () method that increases an internal counter:

—L

>>> import sublist

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

>>> print (len(s))

6

>>> print (s.increment ())

1

>>> print (s.increment ())

2

#define PY_SSIZE_T CLEAN
#include <Python.h>

typedef struct {
PyListObject list;
int state;

} SubListObject;

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

self->state++;

return PylLong_FromLong(self->state);

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

bi

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

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

(TH& sl o] Aol A1)
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.tp_methods = SubList_methods,
bi

static PyModuleDef sublistmodule = {
PyModuleDef_ HEAD_INIT,

.m_name = "sublist",
.m_doc = "Example module that creates an extension type.",
.m_size = -1,

bi

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

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

Py_INCREF (&SubListType) ;

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

return m;

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;

AP AR F2 Apo] AL W] 2F o] AR F2A 7L R AA gholofof Ttk APtk o] AL o] ]
T2 e} A 2ol PyObject _HEAD () & ZHHYTh

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

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

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

PyInit_sublist (void)
{

PyObject* m;

SubListType.tp_base = &PyList_Type;

if (PyType_Ready (&SubListType) < 0)
return NULL;

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

Py_INCREF (&SubListType) ;

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

return m;
}
PyType_Ready () & E&3}17] Aoll, & FX Aol tp_base €% YA Aojof Ut 7€ J& AT
o, PyType_GenericNew () & tp_alloc €% = A& B8+ st - 2P Y &7 F47 4454

Yo,

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

2.3 43 Helalr]: o] 74 A
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Here is the definition of PyTypeObject, with some fields only used in debug builds omitted:

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;

(Th= sl o] Aol Al%)
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(o1 = o] A el A Al <)
/* Method suites for standard classes */

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

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

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

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

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

const char *tp_doc; /* Documentation string */

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

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

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

/* weak reference enabler */
Py_ssize_t tp_weaklistoffset;

/* Iterators */
getiterfunc tp_iter;
iternextfunc tp_iternext;

/* Attribute descriptor and subclassing stuff */
struct PyMethodDef *tp_methods;
struct PyMemberDef *tp_members;
struct PyGetSetDef *tp_getset;
// Strong reference on a heap type, borrowed reference on a static type
struct _typeobject *tp_base;
PyObject *tp_dict;
descrgetfunc tp_descr_get;
descrsetfunc tp_descr_set;
Py_ssize_t tp_dictoffset;
initproc tp_init;
allocfunc tp_alloc;
newfunc tp_new;
freefunc tp_free; /* Low-level free-memory routine */
inquiry tp_is_gc; /* For PyObject_IS_GC */
PyObject *tp_bases;
(th= sl o] A ol Al%)
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(o1 s o] A ol A A <)
PyObject *tp_mro; /* method resolution order */
PyObject *tp_cache;
PyObject *tp_subclasses;
PyObject *tp_weaklist;
destructor tp_del;

/* Type attribute cache version tag. Added in version 2.6 */
unsigned int tp_version_tag;

destructor tp_finalize;
vectorcallfunc tp_vectorcall;
} PyTypeObject;

oA WA =7} ok % B U TE UF AW 5HA AL - o dtelt ol 9o, o] F AW 2 AL Ay
ol 1% 45U
obul 43744 o F Y%

o]
9 A G2 1A
g9 3 »;_.157}4?}% o A

ol 7ol Tl A B3 chake 2 2] 7)ol thak A B A RE AFT AYYTh
S e HA9 Qo] YolA, FEA B E £ AWHA ke ATk
£ 2o o Al gl B4 e WA 55 A% A5

[const char *tp_name; /* For printing */ ]
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[Py_ssize_t tp_basicsize, tp_itemsize; /* For allocation */ ]
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[const char *tp_doc; }
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[destructor tp_dealloc;
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static void
newdatatype_dealloc (newdatatypeobject *obj)
{
free (obj->obj_UnderlyingDatatypePtr) ;
Py_TYPE (obj) —>tp_free ((PyObject *)obj);

If your type supports garbage collection, the destructor should call PyObject_GC_UnTrack () before clearing any
member fields:

>0 Chapter 2. A7} 57 glo] 7 W5 7]




Extending and Embedding Python, &2] ~ 3.11.8

static void
newdatatype_dealloc (newdatatypeobject *obj)
{

PyObject_GC_UnTrack (obj) ;

Py_CLEAR (obj->other_obj);

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

I AA B F2B 8T A F s AR $A NS A2 GA Folof Brhe AdYch o
HEelE s ol A8 L [ 32w 8% AL A5 T2 ) wEel F R 280 (44H
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97 AR SE FAL 5 AFUTh ot ABZH EFHES T 5 YT o & A
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PyErr_Fetch () & PyErr_Restore () & AHEst 388 4 sy th

static void

my_dealloc (PyObject *obj)

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

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

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

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

PyErr_WriteUnraisable (self->my_callback);
else

Py_DECREF (cbresult) ;

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

Py_DECREF (self->my_callback) ;

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

i @A ol M FASA B = = A Pol= ATo] AsUnh WA, Fo] 7MA FAE
A Q3 (tp_traverse W/EE tp_cleard A3 A]), tp_dealloco] & u] AA] dF W7}
AP AAY sFoldete]= E 5 5 Utk A, tp_deallocolAl, A= = <A T AEfol OV\‘/]V/} Tz
70U (F19] ool A 2p3Ee]) AbahA] 98- AU APIE EE"ﬂ":ﬂ tp_deallocg HHA| EEK}H]
5 o], o] F A&} FEol AL + AF Uk

gho] % 348 El =, tp_deallocol B3 stojdejAlo]d F=E A T, thAl MEF tp_finalize 3
WA= AFS B 2 o] EH U
t ®7):

PEP 4424 Al 2.8 Fhol el Ao A AA S AW g

23. FFY A 2lslr]: o2 7pA FA) 51



https://peps.python.org/pep-0442/

Extending and Embedding Python, &2] ~ 3.11.8

232 A =4

sho] ol A, A 2] B~ E B Qs F 7HA B o] Atk repr O @59} str () B4 (print ()
e A str ()= TEFUH) o] A2 EF AE A I Yo

reprfunc tp_repr;

reprfunc tp_str;

tp_repr A7 T EH 292 WS ¥ ote TAE AA S sl of Utk b g ol

Yt

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

If no tp_repr handler is specified, the interpreter will supply a representation that uses the type’s tp_name and a
uniquely identifying value for the object.

tp_str 2] 7] str () of ek Z10] L, 1o AW S tp_repr )79 repr () 709] WA} 2L B
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static PyObject *
newdatatype_str (newdatatypeobject * obj)
{
return PyUnicode_FromFormat ("Stringified_newdatatype{{size:%d}}",
obj->obj_UnderlyingDatatypePtr->size);

JEYREES ANL 4 Y= BE AR o] thal, P 4L o] =) H =7} A = (resolved) B L Ao} 5
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Python supports two pairs of attribute handlers; a type that supports attributes only needs to implement the functions
for one pair. The difference is that one pair takes the name of the attribute as a char*, while the other accepts a
PyObject*. Each type can use whichever pair makes more sense for the implementation’s convenience.

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

/% coo %Y

getattrofunc tp_getattro; /* PyObject * version */

setattrofunc tp_setattro;

If accessing attributes of an object is always a simple operation (this will be explained shortly), there are generic imple-
mentations which can be used to provide the PyObject * version of the attribute management functions. The actual
need for type-specific attribute handlers almost completely disappeared starting with Python 2.2, though there are many
examples which have not been updated to use some of the new generic mechanism that is available.
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struct PyMethodDef *tp_methods;
struct PyMemberDef *tp_members;
struct PyGetSetDef *tp_getset;

vi)

tp_methods”}NULL®] oFU ™, PyMethodDef 24| 9] vl E-& =z of gt} Hlo| 89 2+ §E 2 v}
F2A AxEdAaYdYTh:

typedef struct PyMethodDef {

const char *ml_name; /* method name */

PyCFunction ml_meth; /* implementation function */
int ml_flags; /* flags */

const char *ml_doc; /* docstring */

} PyMethodDef;

One entry should be defined for each method provided by the type; no entries are needed for methods inherited from a
base type. One additional entry is needed at the end; it is a sentinel that marks the end of the array. The m1_name field
of the sentinel must be NULL.

A ol e At no) A9 dlolelo] A4 YR o Sel REE Yol she o) A8t the
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typedef struct PyMemberDef {
const char *name;

int type;
int offset;
int flags;

const char *doc;
} PyMemberDef;

For each entry in the table, a descriptor will be constructed and added to the type which will be able to extract a value
from the instance structure. The type field should contain one of the type codes defined in the st ructmember.h
header; the value will be used to determine how to convert Python values to and from C values. The f1ags field is used
to store flags which control how the attribute can be accessed.

U= Sd2 A4< structmember . holl 25 o] 55Ut ] EE ORE AHE-5te] 298 = syt
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g5 Bl
READONLY £+ sy
PY_AUDIT_READ Emitanobject.__getattr__ audit events before reading.

WA 3,100 A ¥ : RESTRICTED, READ_RESTRICTED and WRITE_RESTRICTED are deprecated. How-
ever, READ_RESTRICTED is an alias for PY_AUDIT_READ, so fields that specify either RESTRICTED or
READ_RESTRICTED will also raise an audit event.

An interesting advantage of using the t p_members table to build descriptors that are used at runtime is that any attribute
defined this way can have an associated doc string simply by providing the text in the table. An application can use the
introspection API to retrieve the descriptor from the class object, and get the doc string using its __doc___ attribute.

As with the tp_methods table, a sentinel entry with a m1_name value of NULL is required.

PH o]ETHE #=

For simplicity, only the char* version will be demonstrated here; the type of the name parameter is the only difference
between the char* and PyObject * flavors of the interface. This example effectively does the same thing as the generic
example above, but does not use the generic support added in Python 2.2. It explains how the handler functions are called,
so that if you do need to extend their functionality, you’ll understand what needs to be done.

The tp_getattr handler is called when the object requires an attribute look-up. It is called in the same situations
where the __getattr__ () method of a class would be called.

o= g7 2tk

static PyObject *
newdatatype_getattr (newdatatypeobject *obj, char *name)
{

if (strcmp(name, "data") == 0)
{
return Pylong_FromLong (obj->data);

PyErr_Format (PyExc_AttributeError,
"'$.50s' object has no attribute '%.400s'",
tp—>tp_name, name);

return NULL;

The tp_setattr handler is called when the ___setattr__ () or _ _delattr__ () method of a class instance
would be called. When an attribute should be deleted, the third parameter will be NULL. Here is an example that simply
raises an exception; if this were really all you wanted, the tp_setattr handler should be set to NULL.

static int
newdatatype_setattr (newdatatypeobject *obj, char *name, PyObject *v)
{

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

[richcmpfunc tp_richcompare;

The tp_richcompare handler is called when comparisons are needed. It is analogous to the rich comparison methods,
like __1t__ (), and also called by PyObject_RichCompare () and PyObject_RichCompareBool ().

This function is called with two Python objects and the operator as arguments, where the operator is one of Py_EQ,
Py_NE,Py_LE,Py_GE,Py_LTorPy_GT. It should compare the two objects with respect to the specified operator and
return Py_True or Py_False if the comparison is successful, Py_Not Implemented to indicate that comparison
is not implemented and the other object’s comparison method should be tried, or NULL if an exception was set.

YR elEle] 277 2o priu Eeke HolH Yol tg A4S TAL ohe B th

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

PyObject *result;

int ¢, sizel, size2;

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

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

switch (op) {

case : ¢ = sizel < size2; break;
case c = sizel <= size2; break;
case : c = sizel == size2; break;
case c = sizel != size2; break;
case c = sizel > size2; break;
case c = sizel >= size2; break;
I3

result = ¢ ? Py_True : Py_False;

Py_INCREF (result);
return result;
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PyNumberMethods *tp_as_number;

PySequenceMethods *tp_as_sequence;
PyMappingMethods *tp_as_mapping;
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[hashfunc tp_hash;
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static Py_hash_t
newdatatype_hash (newdatatypeobject *obj)

{
Py_hash_t result;

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

return result;

Py_hash_t is a signed integer type with a platform-varying width. Returning —1 from tp_hash indicates an error,

which is why you should be careful to avoid returning it when hash computation is successful, as seen above.

[ternaryfunc tp_call;
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static PyObject *
newdatatype_call (newdatatypeobject *self, PyObject *args, PyObject *kwds)
{

PyObject *result;

const char *argl;

const char *arg2;

const char *arg3;

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

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

obj->obj_UnderlyingDatatypePtr->size,
argl, arg2, arg3);
return result;
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/* Iterators */
getiterfunc tp_iter;
iternextfunc tp_iternext;

These functions provide support for the iterator protocol. Both handlers take exactly one parameter, the instance for
which they are being called, and return a new reference. In the case of an error, they should set an exception and return
NULL. tp_iter corresponds to the Python __iter__ () method, while tp_iternext corresponds to the Python
__next__ () method.
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1. Include a PyObject * field in the C object structure dedicated to the weak reference mechanism. The object’s
constructor should leave it NULL (which is automatic when using the default tp_alloc).

2. A ZHE 7S G D=0 ANAS T —’Fxﬁ,?s]—h WS A4 95 E tp weaklistoffset & WS
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typedef struct {

PyObject_HEAD

PyObject *weakreflist; /* List of weak references */
} TrivialObject;

And the corresponding member in the statically declared type object:

static PyTypeObject TrivialType = {
PyVarObject_ HEAD_INIT (NULL, O0)
/* ... other members omitted for brevity ... */
.tp_weaklistoffset = offsetof(TrivialObject, weakreflist),
bi
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T4t 271 AL A =7 NULLO] o} Y™ tp_dealloc®] (PyObject_ClearWeakRefs () & T &319)
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static void
Trivial_dealloc(TrivialObject *self)

{

/* Clear weakrefs first before calling any destructors */

if (self->weakreflist != NULL)
PyObject_ClearWeakRefs ((PyObject *) self);
/* ... remainder of destruction code omitted for brevity ... */

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

2.3.7 7} A

A dele g EA HAM=E ?‘86}% WS w8 W, CPython 22 T EE T34 A L. Objects T A E
22 o] 53 08, C 22 T oA RA5He 752 6@ 2 (o8 Bol, tp_richconpare) & 2434
AL FEsHE FY oA & ;‘%

A7 78 TA B 74 A2 AR &3 oF 5}, PyObject _TypeCheck () 5 AHE A Al 2.
AHg ol the 3 25U ok

if (!PyObject_TypeCheck (some_object, &MyType)) A

PyErr_SetString (PyExc_TypeError, "arg #1 not a mything");
return NULL;

}

o B

CPython 22 D2 A% T} 22 =314 4] 9.
https:/ /www.python.org/ downloads/source/

GitHub ¢] CPython 2 2 A €  CPython £ A F T 7} 7 s = 3L,
https://github.com/python/cpython

CPython®] C 8732 2713l & WEWE FF golBd g Ut (& £, el 52% .so, 9EF &
.pyd).

E g5 9lodd, ¥ gtol B2 2] 7} PYTHONPATHO| §lojof 5tH, 2 & o5& wpet A F 3 4aE
Aol U o}, distutils 2 AR 59, SH12 351 o] 2o] Rt o 7 AAH L

Z27138} e o 2 AE S 25y

PyObject *PyInit_modulename (void)

:L

It returns either a fully initialized module, or a PyModuleDef instance. See initializing-modules for details.

ASCIHLZ ®t o] Z 0] %] o] E& 71 R EY A%, T2 o] 52 Pylnit_<modulename> o] ook gt} of 7]
A <modulename>& BRE9 o|Fo =2 X] ?E. Yt} multi- phase initialization S A}-&&F ufj ASCII7} o} d R &

o] E o] 58 1413]- o] A%, 273} &4 o] 2L PyInitU_<modulename>©°] ™ <modulename>2 d}o]H
of punycode A5G 0.2 AT G 1 o] 22 W2 o A Gtk 3ol Aol A
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def initfunc_name (name) :

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

return b'PyInit' + suffix

o 27)3 52 o5t B F§ eholnejelolA] ol e RES R Y 5 A5tk T8, 0|5
QEE Seld 42 F= A P AZHE ASH ok FUTh NEH 02 3 o] B APk
F4Eh RS 7] R UTh AT S PEP 4899] “3F ko] Hejelo] of o] BE” B2 HEFA L.

2.4.1 distutils 2 C2} C++ A W & 3517
g 252 vol A 234 distutils & AF3Fe] =8 4= 9F Ut distutils 7} vlo] v ] 3 7] 2] 9] S
z]-d?;].ﬂ rq]—‘._—Oﬂ, A AE B8 A 2817 98] 2 A5t )9} distutils 7} B 2 3HA] = ok T

distutils 7| 7] 2] of| = = 2to] ¥} 2T HE S setup.pyZt 5] AFUTH o] A& FHE sfo] A 5pd e, o 7
& g gl o]’ Al YT

'I‘U?‘J

it

from distutils.core import setup, Extension

modulel = Extension('demo',
sources = ['demo.c'])

setup (name = 'PackageName',
version = '1.0",
description = 'This is a demo package',
ext_modules = [modulel])

o] setup.py2} 3¢ demo.cE th5& AP 3tH

[python setup.py build

demo. ¢ AT, build T HE 2ol demogh #74 BES AA YU A Ado] gl E A
build/lib.system 39 tJdE 2o E0]7}1, demo.sot demo.pydﬂ o olE& VA ¢ 2)\%\41’/}.

Setup-py"ﬂ/ﬂ,_‘?_%*a‘sé‘% setup ¥TE 2 S }Oﬂlfr AUtk o] AL thakdl 7)Y = QAAE oS5y
510 M A AR A8 T ch 2AA S, of AL H7AE AE S AT e FULE Ao
«417]11«] 8= AgUTH dubA o, s 712 & veld &2 By, $4, AH 9714 53 22 F

N
—

B ol g Yt distutils o] 7]-5-of o 3+ =}A & 1,]]& O distutils-index 2] distutils A A S FZ A L; ©
75—1_!01174% T EES ‘?455}% ARt AH eyt

ol 23 HES Y 2 F238H7] 98l setup () ol 3 A vl 2] Axkst= 2 o] °“:‘V‘*?J\/ll?} 9l

of| o] A, setup () °l ﬂ]?} Xt _modules QA= ﬁ-xl—gz_ o] Y AEW, I REL Extensiond A2HAQ
Ut} o] oA, ddAaE A T 42X 9Y demo . cE Aot dle] A Edl= demot= S Ao Yt}
B 49, S WS AL 6 BIATUCH ks, F4Q A2l 7] A9 ol nele AR

_([3<
% 907 W& QI . ol ofefoll A oAl g o,

from distutils.core import setup, Extension
modulel = Extension('demo',
define_macros = [ ('MAJOR_VERSION', '1"'),
("MINOR_VERSION', '0')1,
include_dirs = ['/usr/local/include'],
libraries = ['tcl83'],

(Th= S o] Aol Al
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(o] A sl o] Ao A A<)

library_dirs = ['/usr/local/lib'],
sources ['demo.c'])
setup (name = 'PackageName',
version = '1.0"',
description = 'This is a demo package',
author = 'Martin v. Loewis',
author_email = 'martin@v.loewis.de',
url = 'https://docs.python.org/extending/building’,
long_description = '''
This is really just a demo package.
"'I
ext_modules = [modulel])

ol ool A, setup () & F7FH Bt AR Z T 25T, w2 3 7] X

mlm
2 g,
rt
:OL_',
o
ok
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it
<
o
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2

oA, AR B, A2 T el o] et el o] o] el of 5 chol mel o1& AR E o 2o elo]
e, diswtils o] A E Thrad B ow Ao ADHUL o & Sof, fUrd AL T 2L

A5 B o2 olojd 4 AU Th

gcc -DNDEBUG —-g -03 -Wall -Wstrict-prototypes —-fPIC -DMAJOR_VERSION=1 -DMINOR_
—VERSION=0 -I/usr/local/include -I/usr/local/include/python2.2 -c demo.c -o build/
—temp.linux-1686-2.2/demo.o

gcc —shared build/temp.linux-1686-2.2/demo.o -L/usr/local/lib -1tcl83 -o build/lib.
—1linux-1686-2.2/demo.so

o] 22 oA A AUt distutils AH&-A}= distutils 7} S HFE A T &3kl Wojof gyt

o] 4B OT WEH Y, o] & AHG3HE A 7HA P ol YU Th
AF AL BE BES HA}T AL Aoy, e e AT
[python setup.py install ]

BE B AL 22 WA S A oF Ttk 2w, ol 8A AR gt

[python setup.py sdist }

ujof] meh, F71 9k 2 e v zof 23l oF Ut o] 22 MANIFEST.in 32 & 58 S Uh

ZFA 3 Y82 manifestS F 254 A
AW EIIAZA R WET Y
2~

4, 9]
ohe Y 3 e S 5 AUk

‘python setup.py bdist_rpm

Ae ol el M ZE BE 5 A5 EAE ) tek, o & 93

python setup.py bdist_dumb
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25 A5 LA Ce C++ EH W3]}y
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o] el A= Microsoft Visual C++5 A3t Tho] Al § A= &4 RES e+ WS 7heks] AW s,
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A.libE AL FUTLh A.libs ZE=E 23314
R e g R =

V=S A, JZE o] B E AR

o5 AN AT £ JEE A 0l HE 9

22

25.3 DLLS A7 2 A}-&3}7]

AFUTH A Ao Al

= A& import spame A& 3=

X
b
from spam import *&} ¢ B3 h EE o EALE S wis Ut

F o AN AT H AHRE

“

A%} Hl £ FU T o]

AL e
A suth 20l A, ehol 22| o A=

Windows Python is built in Microsoft Visual C++; using other compilers may or may not work. The rest of this section

is MSVC++ specific.

A= Oﬂfﬂ DLLE %= o, pythonXY.libE
CarE ALt niS gesad, o 9382

97 A
}\]—_9_‘0‘]— 2~ 0] "\141;].

of Ut} F 7l 9] DLL, spam 3} (spam o] §l+=

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

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

./1libs/pythonXY.lib
./1libs/pythonXY.1lib

R B KD
3= (7}8 PyArg_ParseTuple())

o M MY gdS HEYISE YT} spam obj, spam.dll ¥ spam.lib. Spam.dl1l< 3}o]
=
=

EZ A A RE pythonXY. 1ib 2ol sfojd I =S =2

T AU

F A P82 ni.dl1(28 3 .objs} . 1ib) S WHEJF YT spam¥} o] M A8 wd o A B S
e e 23 Y

RE AEAE 22 HoBR YRUYAE F5UTh e REG@IE T o 48RS B 5 A
3t8] A, void _declspec (dllexport) initspam(void) 1/]- PyObject _declspec (dllexport)

*NlGetSpamData (void) A8 _declspec (dllexport) 2t A A &) of ch.

Developer Studio will throw in a lot of import libraries that you do not really need, adding about 100K to your exe-

cutable. To get rid of them, use the Project Settings dialog, Link tab, to specify ignore default libraries. Add the correct
msvcrtxx.lib to the list of libraries.
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spol 4 sk 21 sho] A2 Sgaki 23 FAFFUTHE, o} % 24 & g th Aol AL, shol e
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Hal ol A zeHE TEFth

I A stol B AT, of B EL Al w9l =2 3 S AFEA HUth o] Wl 2 13 o)s] ok
T A F shvb= FolH AH=ZHE 27|38 stE AUtk A% Py _Initialize() 548 &30 oF
itk stolo] W = RS ALote AHA T30 YlsUth 28 o3 Usol 8 2229 o=
R AHZHE 52T 5 Aad]

IHZHE TE3E PHlE g A4t A5Uh: HolM FFL TPHE FALL
PyRun_SimpleString () o] ALt A L, stdio 5+¢ E e o} 54 (o 2 WAl A ofl o] 4B ke 9 3H)
< PyRun_SimpleFile () o] A2 4= Q5 Uth T3 o] A Fol A A3t A2 A4S &34 I}
A AAE VED AT 5 A5

o ®B7]:

c-api-index

spo] o] C el o] 2o th gk ARA| & W-§-2 o] Wi Lol st 283 FE7FEol syt
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shol A& WS 7bg ke el o9 4 E o) A% S s A YT of AE ok
S8 Z2Id7 A% 45 48T A2 glol o8 AAHES A7) A AU o] AL o & o]
shelol tia) ol | 14he FaAlshE o A8 4 AFUTh

#define PY_SSIZE_T_ CLEAN
#include <Python.h>

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

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

}

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

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

if (Py_FinalizeEx () < 0) {

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

gtolB e glo st AR E AdH zZ e e oA &l 7] Al
Py Initialize() Rt} BA TE&FH oo FdYrth 3o 2, gto] A ZH+E Py_Initialize()
2 27189 3, R A S A5k stE t

3 Z eyt A Z2 I e stol A
A2THEE UL A2 (ote 92E A7) 29, 5 Huo]x) ol A 7kA & ¢ AUt 3Y
oAl sto]lW IEE I+ 212 PyRun_SimpleFile () & AHESHH o & &+ e, ¥R 10
gtsta 3 Y e HAZ RS EolsUth

)
o
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o

(

ofo
o
fru
[r

3.1.2 v 2pE S dolA: 7L

D5E AH o)At $§ Z2 IR0 P ol i IES AP S Yt SHLS AFHA W, H 4
dlolE g meHahe o] W MARG YT 12 A9 A5 o] 22 AsloF gtk § BeC
SEE Ao sHE A, AL BE A2 BT 5 AHUT

Shol g #743hE A% ol Mg RS A ThE O olx B84 3 T2 FF ol ek Gl £13)
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2ARAT, ol e W E G o) 2 Ao The B 437 A9 Besl wBA Y §AU A

AL % ol WM gho] 3EeE £UUTH SR e C RS TEH T, WAL WL ol £EL
s23r
o] ol A shol el 4 C& ol o] B & A&k w7 2 Wl = bl o] 8] & A ghshe ol wa) A= 41
S} ghuITh ), Bxo] SuhE LS oo & thEE A2 oS sha Arkw ARG P ol H B SHL
Aol eE e Ash e oo old Bl AL AUE BLT 4 9%t
313 &3 UE

sto] i ~aYES] Y F4E AWSE AL FEL FUTh S 2529 AE T o)
A

shold ~ZREGA ol R 48 AWt TEE e 2HU T

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

int

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

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

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

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

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

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

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

(H& sl o] Al ol Al )

31. ©E & Zzagel sto] Yistr] 65



Extending and Embedding Python, &2] ~ 3.11.8

(o] A H o] A | A AL

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;

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

return 0O;

—~

o] A= argv[1]E AHESt Ttold AT HE i‘:??‘h— argv[2]olA HHH
A= argv Mg G gFEYUTh o] Z2 IS At et Jasd (P39 A3 3t
o

shold A3 YEE QA s o Aok

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

TeW At the 3t 2otk Fuith:

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

2280] 715 o] 2 ol w s 25 ool W3k C Abol o] H ol el Mgk el R E T
AQUT) oW W43} B Fu e RES e A

Py_Initialize();

pName = PyUnicode_DecodeFSDefault (argv([1]);

/* Error checking of pName left out */

pModule = PyImport_Import (pName) ;

A Z B E 2788 F, A3 YEL PyInport_Import () & AH§3te] ZEF UL o 8L Axz
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gol W EXEE @ F3l=d], PyUnicode_FromString () Hl o€ A& ZFEHE AL&3le] 2AAH Y]

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

if (pFunc && PyCallable_Check (pFunc)) {

}
Py_XDECREF (pFunc) ;

dd 2T HEVL REFH, 2|7} 34§l o] 5] PyObject_GetAttrString () € AHESt] AAFY
th o] Fol &AL, WEkE AAVE oW, 2ol Fetal HASA S 4 Adsuth 19 v
Z2aPL A FES QA Yoz THske] AT 1 thS ol A P TEL o]
o] o] Lt}

[pValue PyObject_CallObject (pFunc, pArgs);

347} 9HEHE W, pvaluets NULLO] AL §49) wheh gholl t @ 322 23U e AES ¥ ¥2E
S Al o oF g T

3.1.4 U8 o8 & sl

A7k Wgd ateoly JH Z e H = o S Al o] d AA Y 7] 5ol AMAE o+ J A5 YT ol API=
Wigd delzeHE TR o] AdS JEd U S, WHZE JdHZgHE 58 222 AT
st 2oow 3P Bas Sel A, 184 YA s dsuUh 24 8 z2 a0l sold
AEZHE AT 212 Lo g . A, S8 22 20 A B R o= k6, gyt
gho) M 3 2o AAH oMM G FH AMAT = JEE AZ Z=E JAGFHA L. A&

static int numargs=0;

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

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

bi

static PyModuleDef EmbModule = {
PyModuleDef_ HEAD_INIT, "emb", NULL, -1, EmbMethods,
NULL, NULL, NULL, NULL

bi

static PyObject*
PyInit_emb (void)
{
return PyModule_Create (&EmbModule) ;

3. he -8 222 Yo] shold WYt po
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o =5 main () ?}4 HEE 9ol A Fst Al L. E7L Py_Initialize () ol 3 2E Aol b F &
e AdstA L
numargs = argc;

PyImport_AppendInittab ("emb", &PyInit_emb);

These two lines initialize the numargs variable, and make the emb . numargs () function accessible to the embedded
Python interpreter. With these extensions, the Python script can do things like

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

AA & ZE2 YA, o] HHL2 S& T2 APIE vhol Mol =& P
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Autd st g =) of duth C++2 ARE-sHe] Tholxd XM] = A A

w
o
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40
[
)
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N R E e EL

s2 e A AN A (% DA 4G Feh1E B Aol &

, 53] shojxlo] A4l Al JAHC5A S (.so oY) o2 F3H 2ol g
ek,

JE zowd, A dael 42 =2 "J)“é% pythonX.Y-config AT HEE

n3-confiq ATYEE ALG s 4 AGUTH. o] ATYEol ol 2 410

a1a]_roﬂ z1z4 23 7401L]t},

* pythonX.Y-config —-cflagst A3 S o] A% FH1E AFFUch:
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S 50 |
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$ /opt/bin/python3.11-config —--cflags

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

.

pythonX.Y-config --1dflags --embed will give you the recommended flags when linking:

p
$ /opt/bin/python3.1l1-config —--1ldflags —-embed

-L/opt/lib/python3.11/config-3.11-x86_64-1inux-gnu —-L/opt/lib -lpython3.11 -
—lpthread -1dl1 -lutil -1m

L

Fa: o ol A 7k (53] AlA" Fhol R o] gl Fo] A Autd st upo] A 7he]) E2Hg 3] 5t W,
H-/] O‘ﬂﬂ' Zo] pythonX.Y-config?] A A2 E AL3= Aol =S5 U

o] AAp7t o el f8) FE oA et (R 92 AE EAFANA A5 dte A& BAFA dsdth
AT W1 IS zz}oﬂ?g}l/]r:}) A Hao] BT AR AYAE g Aol sho i 9 Makeflleﬁr

]
(ZARXE FOoHH sysconfig.get_makefile_filename () & AHESHAI L) AT Y 42 /\}OH oF
Utk o]wl], sysconfig RES o] A2FetH v 7 S T2 oY P og &3 % ol &3t

=Ryt ol & Bl
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>>> import sysconfig

>>> gsysconfig.get_config var ('LIBS"')
'-lpthread -1dl -lutil'

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

w
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>>>

2to3

A2t

sho] 2 2x SLEE vpo] A 3x IERE WAF I A L3 B, 225 T LA T v A
EgE AN gA L 5 Qe tiF 2 vEsg s tE Yt

- =
2t03 + E T ol B oA lib2to3 E Al FHUTH S HHSZ AP T + Y+ 2T HE+= Tools/
scripts/2to3 & A& H Yt} 2to3-reference= R A Q.

abstract base class (=4} Hj o] A~ Z) ’\)

FA el Feat hasattr () 22 2 HAYE EAFAY v EEA ZRE (& 50, W3
HAE) A7, AEF o)~ F Zq-/]s]'h W AT o RN C Ero] & Heghyth ABCE 7H Al B
ZYHAE Y=, FHAE AL A Yo HAE isinstance () 2 issubclass () o o & 7+
A8+ de=Fdas C\’qu/}, abc & AWAE BA 8. sto] o= E’%’S W7 ABC 0] 2t =t
oS3 22 AlE0] dH Ut A8 F & (collections.abce E’.Eroﬂ/ﬂ) =AF (numbers R EolA]),
2EY (i0o BE ]Aﬂ), A>XE JAH2}t 2 (importlib.abc EEA). abc ZES AFE3I A 24

ol e o G £ ASEE B, DA Gl EHE £1 B4 RS 4 uE 43t @79

A WMo oo 4 A AT AT S QAT A W, Fehs 54 B B of o]
AL A7 2 g, Ed2, 42 _ _annotations_  EF oEE|HE AAAH UL}

See variable annotation, function annotation, PEP 484 and PEP 526, which describe this functionality. Also see
annotations-howto for best practices on working with annotations.
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argument (<1 2})
e d (EevAE) 2 ALEH =
E Q1 2} (keyword argument): SF i%aﬁ A 2L7) gFof] &2 AR} (o‘ﬂg %01 name=) £+ **
ol 2 9M Y2 ALH = A3} = () TZA 375+
719 = AAY YT

complex (real=3, imag=5) ’

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

o A X QN R} (positional argument): 7]
AdolH & o ol » & 20 A
w3 911 QARSI Tk

QAL T4 vl o) o] B B Aol w4ol B gl E U T o T 9o A8H = 7 25 ol il A= calls L
A0 A AR E AF8E 4 A5 Th Tal A gho] Ao wWao] AT

|1 w7l FE3 FAQ A& A} v 7] 2] 2he] 9f PEP 362%= H A 2.

asynchronous context manager ()% 7] A A E #a]z})

An object which controls the environment seen in an async with statement by defining __aenter__ () and
__aexit__ () methods. Introduced by PEP 492.

asynchronous generator (H]%-7] A 1] #] o] €])
H]-5 7] Xﬂdﬁﬂ olf o|H# ol & EHFE= TF sync def 2 Fo5 &= IFH gAY Hole=,
async for SLILAIEE 4 e Uee] 5 S BEL yield EAAS THATIE do| ThEIh
HEvals7l Avd ey g5 7 71 A 9 oj ™ W o A= v 5 7] Al g ol g oE gl ol E & 723

Y} o £ 51 o) u 7} WA ke A9, HAH o8 AN REFS QAT

HE5 7] AF e ol &4+ await EH AT, async for 3} async with B2 =38 4 G5 Urth

=
rd'

asynchronous generator iterator (¥]£ 7] A\ & o] €] o] €] o] )
& 7] Al o B 7 e A A,

This is an asynchronous iterator which when called using the __anext___ () method returns an awaitable object
which will execute the body of the asynchronous generator function until the next yield expression.

Each yield temporarily suspends processing, remembering the location execution state (including local variables
and pending try-statements). When the asynchronous generator iterator effectively resumes with another awaitable
returned by __anext__ (), it picks up where it left off. See PEP 492 and PEP 525.

asynchronous iterable (¥] % 7] o]g]2] &)
An object, that can be used in an async for statement. Must return an asynchronous iterator from its

__aiter__ () method. Introduced by PEP 492.
asynchronous iterator (B]-£ 7] o] €] & o] €])
An object that implements the __aiter__ () and __anext__ () methods. __anext__ () must return an

awaitable object. async for resolves the awaitables returned by an asynchronous iterator’s __anext__ ()
method until it raises a St opAsyncIteration exception. Introduced by PEP 492.

attribute (o] E | HE)
A value associated with an object which is usually referenced by name using dotted expressions. For example, if
an object o has an attribute a it would be referenced as o.a.

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 ().
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awaitable (o] ¢ o] €] &)
An object that can be used in an await expression. Can be a coroutine or an object with an __await__ ()
method. See also PEP 492.

BDFL
A8 28 Z A1 = A A} (Benevolent Dictator For Life), < Guido van Rossum, 2}o] % 9] ZA] =}

binary file (W}o] 2] 2} )
A file object able to read and write bytes-like objects. Examples of binary files are files opened in binary mode
("rb', 'wb' or 'rb+"'), sys.stdin.buffer, sys.stdout .buffer, and instances of 10.BytesIO
and gzip.GzipFile.

str AAE 3 2 4 9 Y AR A £ HAE 5 E B2 AL,

borrowed reference
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 (0} o] E & & 7 A))

bufferobjects & A D3t C-A< W HE 22 E g £ JdF5 Ut o8 &5 memoryv1ew AA &2
EE2o|1 bytes, bytearray, array.array AAES &Y}, H]—O] ELAF AA L2 vloly g
Fﬂ o|H & thF= o 8] 7HA] AAkEol AHEE = st &5, vkel v g «L‘ro]i A, aAS TR AE

Ze A5l Y%tk

8 Q52 ko2 olE 7k R AY Ro A5Th ol o] ARA L FF g 3-27] vt

EdE AA S &9 ??:}14 t} b ¥ 5 AA o] o| E=Dbytearray E}bytearray 9 memoryview
7F A5 Uth o A2 vtolv g HiolE 7 B AR (‘A7) A& vl EG R/ AA) o AREHES
ST o™ Zi%" ]E% bytes®tbytes A9 memoryview 7} 01*145}

bytecode (B} o] E F &)
oIl £22 T2 vhol= L2 A3 o), Chython Q¥ 2AE| A shol 22 ge] Y 2
A3V ch vel = TE S pye 3o 1A Ho], 28 1A g WA 0wl o A EL T
ol A kol E I =z o] AAHAL MF 5 gTh. o] “E 3 Ao)” & 7 Hho| £ T o) $dh
7] AE At 7 77 oA A E i D3t ch vlo] E == A& ThE ol R 7MY 7] A ol A
AE A0 2 J|ThSA T, Thol 41 WE 7ol 98 4 o] 2| £ STk 2ol 7915 of Fuch

Hho E 5= 9ol 59 B8 dis RE AW Aol VT,

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

[callable(argumentl, argument?2, argumentN)

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

callback (Z4Y)
AA2 A== v o= A Ho A Ay HH FH T,
class (& 2)
M-SR o] A S-S
WA= o ES 2T
class variable (Z&] A~ H$)
2o A FoH
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complex number (£ 4 5)
0148} Al A| A E 9] B
o) 2=
Bk ‘JH( 19 AFHE A
T BIIHE 2 BAT
3+1j.math 25 E44H
L.

2 75 ddth 2astra =

context manager (A€ A~ E 32|z}
An object which controls the environment seen in a with statement by defining _ _enter__ () and
__exit__ () methods. See PEP 343.

context variable (A Hl A E W)
e £ of e} b g2 71 4 Sl W, o= 7 A 2227} wgol ofe) ok gk
2HE-24 A et ‘ﬂ]’\zﬂﬂ%“/} Jyu, AEAE HEE 53, 3t A8 2~
EA e S Qov ANAE Wae 2 e EAAL 57 AT A WEE 2
contextvarsE IR A L.

I SR | S EeA AR T, A S,
B, cmath AL BAa5d B8 W £F 22 53

W, Ae) s BAE T

\/J
>HM¢
e

XLSL‘ r*°

contiguous (J <)
W3 = 83| C-A % (C-contiguous) ©) At ZEZ A2 (Fortran contiguous) 2 W A< o] 2kal o AR Yt
A 15 L A ol A e A4Sl e}, 98 o AN, FEES A2 o] 9 o, 0l 4
/\]3'5}% LEake QYA AT E v 2 2ol wf X5 o] of gh T} ThAkd C-A <% v G ol A, W2 g
-4 TAHE FESS T o vpA g AG A7 7 k] AT shA vl L E S A% u G o
1 3 A g A7} 7p ) w3 T

coroutine (i—?— gl)

el o st gel s AuEEe & Ao AR e A4 @

% o8 o2 AFAA AYGsta, =3k, ARE = JdF U o] AEL asynce def
DO;;@@?ﬁgqqmmwwgawg
coroutine function (Z. €l &4)
F2E AANE EgF= 34 F2E 4= async def ToE AYd 4 i, await 2 async
forﬂ- async with 7|9 =& £33 4 5yt o] AE2 PEP 492 o 93] =45 A5 Yt
CPython
vhol Zx e Aoje] A Q1 & e, python.orgol A vl 22 5 ‘4‘74' o] 5+ &g Jython ©] 1} Iron-
Python 3} 22 t}2 A& 72T 2 87} & | 8] “CPython” o] A& Y th

decorator (t] Z.#]| o] €])
OE F4E SR $ A, BE eurapper BH S A T4 ATz AggYch d2d el
E]2] &3} o= classmethod () & staticmethod () YUY

daelolel £He wA Be BUY Bk 0 F A5 At v goz S5k

def f (arqg):

f = staticmethod (f)

@staticmethod
def f (arqg):

z StAIRE @ Ak 2 ok dl e o] B ol th g o ApAI R W82 3 A 9

we gy,

descriptor (t] A= %‘ E-])
Any object which defines the methods __get__ (),__set__ (),or__delete__ (). When a class attribute
is a descriptor, its special binding behavior is triggered upon attribute lookup. Normally, using a.b to get, set or
delete an attribute looks up the object named b in the class dictionary for a, but if b is a descriptor, the respective
descriptor method gets called. Understanding descriptors is a key to a deep understanding of Python because
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they are the basis for many features including functions, methods, properties, class methods, static methods, and
reference to super classes.

g3 P9 WA =S o) 3k AHA| 3 &2 descriptors U T 2 2 B AR Y Shj Al o] U3 Th

dictionary (5 A4 2])
An associative array, where arbitrary keys are mapped to values. The keys can be any object with __hash__ ()
and __eq__ () methods. Called a hash in Perl.

dictionary comprehension (5 4] 7 Z 2|3 A)
olHHE & 84 AAY LRE At AHE B2 9H Y E vkt 1HE S . results
= {n: n ** 2 for n in range(10)}<2 %t n ** 20| WA H 7| nS £ F3}l= I {2 E A
& t}. comprehensions-& #2340 Al L.

dictionary view (5 A2 H)
dict.keys(),dict.values(),dict.items () HAEIEHFE AANES DAY Rl BE
Utk o] AS2 9] &5 e 54 FE Agst=d, 9y 27 a4 2 o, {771 o] MsE
gttt SdUth 9 Ue R E S- B AER v list (dictview) 8 ARSSHE U T
dict-views S H A Q.

docstring (52 E )
A string literal which appears as the first expression in a class, function or module. While ignored when the suite is
executed, it is recognized by the compiler and put into the __doc___ attribute of the enclosing class, function or
module. Since it is available via introspection, it is the canonical place for documentation of the object.

duck-typing (< €}¢]3)
SuE A A o)A E PR EA FAE=d AAe P HA Y= zray
HAZ Y AEYHEZIEEHAY AR EUT (‘LA g Bola 2848 =
th”) EA Y Ao o]~ FxFqoeN, F AAE TE= P HA TS S gFoaH
FARE NAE 4= dF5 Utk d Eo]H L2 type () ©]t isinstance () = AMSSH AAME 9 & T
(3FA) v o Elo]Ho] A o]~ Zefs B BeE 5 Lo fodfoF FUtt) thAlel, hasattr ()

EAFP
3 2R th= 84 & +£3517]7F 4 o} (Easier to ask for forgiveness than permission). ©

ot
ol
i
-
30
rlr
i)
©
X,

79 2etdE, SulE 7| U o EFRES EAE 7HA S, 1 710l W o9& FE UL o
ZESta mE AE Y-S W tryShexcept 9 EAHE EFA YT o] HIZ Y2 Ce E2 oHE

B2 ol o) o A] A} ALE| = LBV 2~ EFal 3} of vl o).

expression (£ 3 2))

o' grew A 4 ole BHAL 27t thE YR n¥eY, ¥4 L 2HY, o] F, JEYRE
WA 2, Aakz), FEEF L2 FE EHFEEA 24ES Fol 28 AY Utk o2 gL dojg
' H xdHer AT Qe

HEAoE, BE Sl THE
24 Eol vk U £

extension module (&% 2 &)
CUC+=2 ZAA4H ZEQU, 5to] 2 2] CAPIE ARSI A S o] U AFE AL T =9} AF S 283 o)

f-string (f-F212)
£ Er B ge] £9 A HYTS B3 f-EAG 0Py Ry, 2N EA4L AHE o
Z et PEP 498 & H A 8.

file object (3} 24 A)
An object exposing a file-oriented API (with methods such as read () or write () ) to an underlying resource.
Depending on the way it was created, a file object can mediate access to a real on-disk file or to another type of
storage or communication device (for example standard input/output, in-memory buffers, sockets, pipes, etc.). File
objects are also called file-like objects or streams.

AA2E A 2R S AASol dgUTh aw) Hhol U el 519, W3 = (buffered) #ho] v 2] 3+,
9E 519 059 AEolat io REANA B U Y AANE BEL FEAA PPL

o
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open() ¥+
file-like object (3} 5 24 A)))
hd A A o] vje g

filesystem encoding and error handler

Encoding and error handler used by Python to decode bytes from the operating system and encode Unicode to the
operating system.

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

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

The filesystem encoding and error handler are configured at Python startup by the PyConfig_Read () function:
see filesystem_encodingand filesystem_errors members of PyConfig.

See also the locale encoding.
finder (3}21t))
QrED BEL I =0 & Rodu AEstE 4.

o] M 33. o] F &, F F 79 9AE 7t A5 UTH: sys.meta_path o T AHE-Sh= v EF A & D10l H
9} sys.path_hooks I /A AFR 3= A2 dET golH.
o A4 3 Ul-&-2 PEP 302, PEP 420, PEP 451 o] 121t}

floor division (A 4~ }=A)
R AAIhe ASE WA 2o Al A Ul daRks /o ol B
o 227t HA N AL Al 2.7
ol 3l oF Futh. PEP 2385 H A &

function (2+4)

VB 1L // 4
52 =Yk (-11) // 47}-2.755 U & & -30] Hoj

SEAA oE Fe EHFE dHY EFE. QAU T oY A 7 AEE 4 =, vy 9
Aol AHE 4 g5t vl )5 9 WA = 9} function A E HA S
function annotation (g~ o] - €| o] A)
F4L)

A B S0, o] 4= T Y int AAE vbo}

1 Uk

Hu
>
N ofo
it}
o L
Hu &

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

3t o] - H| o] A B2 function A of| Al A gt}

See variable annotation and PEP 484, which describe this functionality. Also see annotations-howto for best
practices on working with annotations.

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)
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garbage collection (7}8] 2] 4~ A)

o AHEE A SFE RS Wb ek AR oML Rx A4 FAT B2 £HS FARL L 5
e =3 AHul A 27712 5 AuA 2 AE SF U 1A FATE go BES A Ao @

F Ut

generator (] & o] €])
Aol gl olH & 8 T it A H Hol=d], 489 gE2 M=
Ale 23 TE Hol b U ©] e for-F 22 A SEA U next () &2 g Mol sty Ad
T AsYrTh
HE Avdele &5 7He] 7| A v of ™ Eal o A &= Alv gl o] E ol # ol & 7R Uth o =3k
oy u 7} §EetA] 92 A9, FAT G ENA EEFS iU TH

generator iterator (] ] o] ¥ o] €] & o] ¥])
Al el ol g7t = AA.

A 2ale g4 o vl U Th.

generator expression (AU @] o]&] & 2])
& A

olHHolHE ST 24 = s3tif do] Flo &+
At A AE HYUth 2 AL SR FHE AT FES HEoYYh

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

285

generic function (A ] 8 g4)
22 A AR g dsd el +ES A T2 749
Hashx] daejEel o8] 248 vt

A=t 2ol % €o]F &2} functools.singledispatch () Bl Z & o] E]Q} PEP 443% H A Q.

n

4. 52 oW 7He] AHEEA L

generic type (4|11 &)
A type that can be parameterized; typically a container class such as 1ist or dict. Used for type hints and
annotations.

For more details, see generic alias types, PEP 483, PEP 484, PEP 585, and the t yping module.

GIL
A A zefE % g HA L.

global interpreter lock (A& 2] = 2]E] &)

o] 27 shife] A =Tt sho| vholE I = & A= F B AstT] §8l CPython Q¥ 2] E 7}
ARE S M AYZ. (dict ot 22 SR WZFSS 2T 6he) A4 Bdo] FAIH o7 FA] HA| 20
o3 2He 5§ S 0] A CPython T 82 w5 Qe ZeH AAE G AL o
ZeHE ths2d =357 4A e thAl, vF Z2AA 7| AL Al ek HEAY e RES
545U,

However, some extension modules, either standard or third-party, are designed so as to release the GIL when doing
computationally intensive tasks such as compression or hashing. Also, the GIL is always released when doing 1/O.

B Y u A 2§ HolHE Fal) “Aad Eof 2§22 (free-threaded)” QB Z 2 B & WS A}
3t HAY =82 AF o)A XA, T FY Z2AX F9 Fs At A7 Wi d Yt
o] A5 ol E FE = A TEE AN EISA HEAA FA v Lol B £ Ao E A AX L

hash-based pyc (3l A] 7] ¥} pyc)
FEAS HH7] A3 s ax 5td e HF 54 Alto] ofd A& ARS8 HEolE I E A
9}9. pyc-invalidation& 2% 344 2.
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hashable (3] X] 7}%)
An object is hashable if it has a hash value which never changes during its lifetime (it needs a __hash__ ()
method), and can be compared to other objects (itneedsan __eq___ () method). Hashable objects which compare
equal must have the same hash value.

A FF5AL ANE DAY 71U Agte] W& AJLE 4 QA Fl=t], o] AR L2 S o] YE A
o2 s A gte AHgsk 7] W2 Ay
o shol el Bul g AREL A bs e (F2E G4 Ve 28 bd AEel S
IR sUth (FE o] U frozenset Z-2) 9 Z1E| O]L‘]%% E9 9 2S0] FA 3wk A
]‘—‘61—\4‘:]' A2 Ao Zefao AABEA ARNEL 7| BAOE F A 5T (2] AAL A€
L) B chE ok v 2E W, AR 1d() 2 2 wEe guch
IDLE

An Integrated Development and Learning Environment for Python. idle is a basic editor and interpreter environ-
ment which ships with the standard distribution of Python.

immutable (£%)

importing (Y £ ¥)

B REo] dol RS OhE BEY sold DEAA ASE 5 LS sh AL
importer (2 Z€])

RES 2% 81 2E 3715 sk AR, B Held oz 26 AR Ao

interactive (t} 31 3))
stol e th3y ez el HE 21 g, ez el ZEZEoA 233 284S dYT 5 91,
Zz72+ A A2 E 4 Qo= =Yk AAF ¢lo] ©A] python A& &4A 2 A
ﬁ%“ﬁtziE b dsyth. *H ofolt] o] & HAISH AU RETH 3| 7| A & S thH = vl -7 4= gt

T AU Th(help (x) & 71234

interpreted (QJE] Z 2] €] &)

_4

Hlol|E I = At el EA wfZell 2 o] S8s] A 7] = A uh, sho] A2 At Aoj 7 of et
Az H dofguth oA HAIF R A 3d S WEA GAE, 2 0GES A Y APT
Aot EPUTh 2 223 0] & o A3 /?—:'.%]Qﬂ% SR 9 QB Z 2] E] Jdoj&= HE A3Y Ao
Boh g2 /w7 718 25 Uth tiehs = BA 8.

interpreter shutdown (QJE]Z2]E] £ 8)

S3tete 84S B2, sto| A A Z e E = S A7)0 I Yst=dl, BEolU oY 71 8%
WT‘TLZCJ%7 2 RESGH AAES HAZ S E b Th 3 VA AV E e MBS
U th AR} 9 9k At weakref o] Sl ZEEY AR S *]X”\]ZJ T AFUTh TF A7
%?i”ﬁﬂﬂ“ EEgId AL ES W 5 e, 2 o] Y EFE AHECl Y 7 FEA g2

s ﬂ!
td
e 1
-
L300 ==
o rr
k
o
N
m]n
Al
L
%

=
A7 WA YUTH(ET o= gho] B e
AEZ e $82 9 YA APFE=__main_ BEECY2IHETAFPS T = AU

iterable (o] ]2 &)
An object capable of returning its members one at a time. Examples of iterables include all sequence types (such
as 1ist, str, and tuple) and some non-sequence types like dict, file objects, and objects of any classes you
define withan __iter__ () method or witha __getitem__ () method that implements sequence semantics.

Iterables can be used in a for loop and in many other places where a sequence is needed (zip (), map (), ***).
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When an iterable object is passed as an argument to the built-in function iter (), it returns an iterator for the
object. This iterator is good for one pass over the set of values. When using iterables, it is usually not necessary to
call iter () or deal with iterator objects yourself. The for statement does that automatically for you, creating
a temporary unnamed variable to hold the iterator for the duration of the loop. See also iterator, sequence, and
generator.

iterator (] €] & o] €])

An object representing a stream of data. Repeated calls to the iterator’s __next__ () method (or passing
it to the built-in function next () ) return successive items in the stream. When no more data are available a
StopIteration exception is raised instead. At this point, the iterator object is exhausted and any further calls
toits__next__ () method justraise StopIteration again. Iterators are required tohavean __iter_ ()
method that returns the iterator object itself so every iterator is also iterable and may be used in most places where
other iterables are accepted. One notable exception is code which attempts multiple iteration passes. A container
object (such as a 1ist) produces a fresh new iterator each time you pass it to the iter () function or use it in a
for loop. Attempting this with an iterator will just return the same exhausted iterator object used in the previous
iteration pass, making it appear like an empty container.

typeiter o] B ZkA1 gk W&o g5yt
CPython =& %} A : CPython does not consistently apply the requirement that an iterator define __iter_ ().

key function (7] ¢)

7 g rEe 2’ Eﬂ ©] A (collation) &=+ F & (Sorting) o] L} vl & (ordering) ol AF§5 & g2 EEFEZ
HEYUTLE o & 59}, locale.strxfrm() < ZAY S PSS a2+ FE 7] & W=+ d AL
Ayt
1= .

ato] Mo W EF7F 2 4S50l o BA A A A AL Fol=AE Aol et7] Hof 7] TS Hol= AU th
o] ZlEo+=min (), max (), sorted(), list.sort (), heapg.merge (), heapg.nsmallest (),
heapg.nlargest (), itertools.groupby () ©] AFY T}

There are several ways to create a key function. For example. the str.lower () method can serve as a key
function for case insensitive sorts. Alternatively, a key function can be built from a 1ambda expression such as
lambda r: (r[0], r[2]). Also, operator.attrgetter (), operator.itemgetter (), and
operator.methodcaller () are three key function constructors. See the Sorting HOW TO for examples of
how to create and use key functions.

keyword argument (7] 9 & 21 z})
o1z & BHA L.

lambda(i’)ftl-)
o) gro] FAAL Shupel £l o2 THH o F Wi Avd B PO B4E BES BYLS

lambda [parameters]: expression YU Th

LBYL
H 7] Aol K2} (Look before you leap). ©] & ALY S &0l 23] & o17] Aol YA H 2 A
2A5S AAFPIT o] 2L EAFP Q2T ool 2, B i B9 2AE B AU,
5 2= R, LBYL 42 1S A" 0ol 39 208 TEA D A9 A
& 9], ZE if key in mapping: return mappinglkey] &£ 7 ]-f,f—oﬂ A 9k 23] Ao,
2 2 = 7} key® mappinge| A A A3 A& 5 gtk o] @ ol F ol Lk EAFP 4282

Aggomn HAB 5 A5

list (2] 2 E)
A built-in Python sequence. Despite its name it is more akin to an array in other languages than to a linked list
since access to elements is O(1).

list comprehension (2] 2 E 7 Z 2|3 A)
AAse 845 AR £ ARE AT 1 ATE AR Be

Q

["{:#04x}"'.format (x) for x in range(256) if x % 2 =

A3 ¥, result =
£ 00| 4] 255 AFolof Il+&

Il —“~
— r[r
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)3

S

RS 16715 (Ox.) 52 EF3E 4G g2 BT if 2 AFT S 9
s}, range (256) ol & ZRE 247 A@gHUTh
loader (2¢])
RES 28t AA. load_module () ©o]2h= o] £9] WA =S Hols|of FUrh Zr&= BE 512l H
ZFEHEYth AN YR PEP 302 &, FA v o] 2 282~ = importlib.abc.Loader & B A 2.
locale encoding

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

On Windows, it is the ANSI code page (ex: "cpl252™").
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 (0] 2 H| 4] &)
S5 A S o WF A H 9l W] S8

mapping (7] 3)
A container object that supports arbitrary key lookups and implements the methods specified in the
collections.abc.Mapping or collections.abc.MutableMapping abstract base classes.
Examples include dict, collections.defaultdict, collections.OrderedDict and
collections.Counter.

meta path finder (W€} 7 & 1} 21 t)
sys.meta_path & ZAA o] FHF+= 3 H. WE A2 3} H= 42 =g 3QlH o #-E
171 AT kg e,
HE A2 37 L3 sE A =S A= importlib.abc.MetaPathFinder & B 3§
e},

metaclass (W] €} S 2)
Zxo) ZHa S o) Fea o] F, FA GAYE, Wolx FYAE BEES UE
= <

I9
=

vEf S et o) Al IALE Wol N SeaE BEL A9S AYTh Bl AA AW =2 1e v
Ao 5L 7| B T AL AZFULE oM Edals] BEL AL AL WE 2YAE WS 5 Jrie
AQUch HRE S AN AL o) 77 A3 B8 GAW B2/ AA W, W S A g
obe 32 Al B FUTE o =P HE A2 27 (logging). 28 = AL T, A A FA,
A

8
(¢}
S
o,
oo
A
2
2
>
n}
N
X,
=
%
=
ofo
o
HL
o
5
30

method (W] 4] &)
Z e 2 vy Qhofl A A o =
HA o2} (HE self gt

method resolution order (W] A& 2 A £4])
HAE A A= 233 SH U E
stol A QA Z | E ol AMSH & FY A
Hyrth

module (2&)

ol F &1

tjo

2y

o

j=3
=

rlr

o 243 B9 FYHHE AA. BELS 499 shold AAE
£

&Y
=2,
lo
ol
jf_l,
o
X
|o
f
f
[

i)
v
=
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module spec (25 A 9))
DEL ZES=HAIEEH = YXEE
ModuleSpec o] QIAEH A

MRO
HA= dA cA

rJ
r
o
b
il
tjo
ol
Rl
30,
rlr

o]& ¥7t importlib.machinery.

s

HA L.

mutable (7}H)
7h A= gre]l W 5= AT id () & EASA FATULE 9 = AL

named tuple (U] Y& £Z)

“named tuple(V] ) = F-&) 0] 2= §of &= REOIA AL 343 o] & B2 o EPHEES A o] g
5 gt de] AA2 T4 Ut BE Fol b Fe 2ol AP Utk Folt St e 5=

RS T AFYTh
time.localtime () & os.stat () 7} ¥+3+3l 2+-S £330, ol 2] YA o] YA EZ ) =
T}2 o= sys.float_infod Ut}

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

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

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

True

Some named tuples are built-in types (such as the above examples). Alternatively, a named tuple can be created
from a regular class definition that inherits from t up1e and that defines named fields. Such a class can be written by
hand, or it can be created by inheriting t yping.NamedTuple, or with the factory function collections.
namedtuple (). The latter techniques also add some extra methods that may not be found in hand-written or
built-in named tuples.

namespace (0] S Z 71

A7 ARE = Fa o5 32 YAV E FEF YT AAlo SHE ol F 37 (FIAE olA)
wok ozl Ao, Aol 4 o & B2bel AUt o % BAL 0% FEES WANA REAE ANT
Utt o & E°], &5 builtins.open Zos. Open() 2 259 o5 &3kl o g YT £
ol % 32 oW R Fo| Y8 FANEAE LA DEoIA ASAR 44 Bl 22 5

t}. & S50}, random.seed () = itertools.islice () &t 2 ¥ 1 &4Eo] 2tz random &

itertools BE°| o3& L& 9] 3 o] g sl A Yt}
namespace package (©] = 3 7} 2| 7] #])

LA ANB 71 AF AH o] &R 7155t PEP 420 9 7] #]. o] F ¥+ 37| A= 8] A < A A 7}
RS TE AL, 58] _init__.py FLo] glermw 4 3 7] A = thEYTh
nET

el Aolol 4 M4 g B 5. o & Sof, 0hE B4 el AT G g Bl g
ASES F2 T 5 A5t P ATnE | RA0 R P2 AT R YL 5 A Tk
Aol el ok Futh A9 WS EL A3 Uy 2mmd s du EUch A, A MFEL
A ol FolA P HUTth nonlocal & HFE AT 2o 2= 21 gttt

new-style class (F+ 2 €} )
Old name for the ﬂavor of classes now used for all class objects. In earlier Python versions, only
new-style classes could use Python’s newer, versatile features like __slots__, descriptors, properties,
__getattribute__ (), class methods, and static methods.

object (2 A])
FH (IEFREY ) & 2L FF (WA E) o] Aod RE HolH. EFL BE wAEY s 9

S L BT BN
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package (2} 7] %))
A Python module which can contain submodules or recursively, subpackages. Technically, a package is a Python
module witha __path___ attribute.

A5t A7A) 9 ol 8 B2 3714 £ BAL
parameter (7} 7] ¥H )
T (e WAE) B ool FETE e

A, T F RO WA WS A5 T

5
%0,
rlr
‘O,
)
A
rlr
2
rg
oN,
o
-0,
N
D)
il
i
B
2
o
I8
o
gl
M
rlo

o 4 X]-719 & (positional-or-keyword): 91 %] 212} U 7] 9 = 012 2 AGE 4 J= AAE (AT Th
o] Zle] 71 & FEj o i JUTh oS Eo] thEoll Al foo £} bar:
[def func (foo, bar=None): ... ]
* A A-A& (positional-only): | A2 AlFd 5 & AAE AZFUSE AA A§ viAds=
5 ol WA Bl / B2 2L 1 Ao] AT 5 AUth o2 o] Tl A
posonlyl 3} posonly2:
{def func (posonlyl, posonly2, /, positional_or_keyword): ... ]

o /1N E-AE (keyword-only): 71N EZ T Al5E 5= Y= AAE AU 7Y =-AL v
=3 Aol o] mif g B2 oA gof 3hube] ZPA-9 X wifE sy xS a2 2854 Feol g
T Yt A& 59, tholl A kw_onlyl £} kw_only2:

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

o 7}H-9 A (var-positional). (T}2 wj | A5
22 9l 9% QA=< Qojo] ABAS AT T o] 2l uj W w M o] 2o * = oo
£oI4 A9 E & A& ol Bof ke

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

o 7FA-7)1 ¥ & (var-keyword): (T2 w7l FEof QA oju] WrolE o] A 7] Y= QA RS9 taf)
AFE 5 A 2909 A5 ANE QRS AAFUT ol v g v S o] Bl <+ 5
ol A BgF 5 s U oAl E 5o 919 ol A kwargs.

Pl A A QRSS9 8 R D ol A A AL B4 ARES AT 4 YTk
o1z} g o7 &=, QxL9} v 7 H 4] A}olof L} 2= FAQ A&, inspect .Parameter Z] 2, function
A, PEP 3625 EA| L.

path entry (3 2 I E2])
A= 7]% kY 7}

n
kel
[t
ok
u
fn
il
o
0
N
Ho
:OIL_:
ptd
k]
-1}
rlr
a1
kel
[t
oY,
fru
ox
1o
ok
)
1o
o
B>

path entry finder (73 2 QlE 2] 5}2lt))
sys.path_hooks ol Q= 28 & (F, 42 dE= F) o] S¥F sIH dul, FoAA 4= dEF]
ERES FE=THE € AU
AR AEF FAHE0] LHIE WAEEL importlib.abe.PathEntryFinder o Y& Uth

path entry hook (F & N E 2] %)
A callable on the sys.path_hooks list which returns a path entry finder if it knows how to find modules on a
specific path entry.

path based finder (7 2 7] 49} 5} 2lt)

718 v el A= I T E Fotueld], Y EE A A BE
path-like object (% 25 A )

Hd A2" A2E e+ AA. AE2F AA= ZE2E JEW+ str Y bytes AA o] Ak

o
i

U,
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PEP

0s.PathlLike T2 EZS L3 A YY) os.PathlLike T2 EZ S F=
fspath() &4 E TZ 4 str Y bytes 3t Al2d A2 Ad" 5 ga5urth; oA os.
fsdecode () 2} os.fsencode () & 22 str U bytes 23S B A =0 A2 4 J5 U T PEP

SI9= E%‘E] AU

ghold 7§/d Al <. PEP<= sto]d AfFUE| ol AR E AlFst AL sfo] W EE T Z2A|A e &0
M2 75 AHste AA EA YU PEP= AlHE 7ol g 28 7 A H 2 AE

A F8hoF gk

k3 2ol ol ek A F U E 31
S BN TS A3 /12 W AUZE I Tk PEP A4 AH: AR

portion (Z )

PEP 420 |4 218 AAF, o] & 57 71 Aol o upA sk shike] g elo] Sol gt LS

2+ i
A3 @ip 3ol AFH = A% 7 oh.

positional argument (9] X] ¢12})

A& HA L.

provisional API (27 API)

A7 APLE £ vho|ueele] 3 B84 HPORRH A AD AYUh Aels|o] 2y 2
W37 o] 5 A = SbA v, Y A ol el EAE & B, To} A uAtE o] B stk 4 2eteha 347
o] R A b WAl Dolg 4 HUrth Jd WAL R AR dojuAt e
AU — APIE Z357] Aol $7 Frisha 2E A Aol WAH Aol u old AT
B API A 2 3=, A T84 o] §A5 A b WAL “HFY 2B 0% o ALY BE A9

EAE el AA THE FASFE AU E
ol Aat= E golB Yt LM AT T AR AA LFol EE FE A Fu AL UEF

gHE U o A 3 U8 PEP 411 B U/ ch,

o
|o
ol o
td
£l
>
fr
N
-
o
ot
L
kv

provisional package (ZH3 3] 7] A])

A APIE HA S

Python 3000 (3} o] % 3000)

ghol A 3.x v 24le] "B (WA 39 v 7F ¥ )] o]okr|H Al H e whE0]3] o] Folt}h) o] A
“Py3k” 2 Zo] 27| % FHrh

Pythonic (3}o] A th)

= Qo) Sol A QWA AYES SN LEE FRSE B4, Tl A Aolo] A A AF AL
H & o UYL 7ho] M2t ofolt]of i} IE 27 o8 B, 3ol Ao A] A% 2t oYL for
2 gl e e BE 848 £H3E AQUTh THE Be dojot ojd SR TRl
lomz, st ol %814 oo AHE L tlAle] 57 AL E 2 ALg S E gtk

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

H 253 sfo| Mt W 2 ol g5yt

for piece in food:

print (piece)
.

qualified name (3713} 5 ] &)

v Ao AmmolA BEA Ao H e, B4, WA o2 L AR E HolFe o TR
o] 2. PEP 3155 9| 4 e B uith A4S Bo 2ehad] A9l 7348 o] 2L AA o]
25 urh:
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-

>>> class C:
class D:
def meth (self):
pass
>>> C.__qualname_
IC’
>>> C.D.__gualname_
'C.D'
>>> C.D.meth.__ _qualname_
'C.D.meth'
5L 7bel7) e AHE ), 92 8] A3 3HE o) B (fully qualified name) S BE R 2 7 A S-S B

A RER 7= Zqoi—rﬂ%"]i%?/]‘ﬂ Ut} o] & E0],email .mime.text:

>>> import email.mime.text
>>> email.mime.text. name_
'email .mime.text'

reference count (2} 314)
The number of references to an object. When the reference count of an object drops to zero, it is deallocated.
Reference counting is generally not visible to Python code, but it is a key element of the CPyrhon implementation.
Programmers can call the sys.getrefcount () function to return the reference count for a particular object.

regular package (% 4t 2| 7] #])
__init_ .py 3¥& x3et= g2 22 A5 A QA s 7] A

ol T I A = HA L.

slots
S YR AAdd], JAAHA oERRESS AT IS vlg] Addsty d2dA2 gy &
AAT oA R e 2 A RS FUTE 97 A71E HAW, o] Ay gtz A g7
Zhtkze HolehA, v welo] el 38 Z2 o)A Bl 5ol ArHAL JE SEY A9
FA o= Aol FH U
sequence (X] @A)
An iterable which supports efficient element access using integer indices viathe __getitem__ () special method
anddefinesa___len__ () method that returns the length of the sequence. Some built-in sequence typesare 1ist,
str,tuple,and bytes. Note that dict alsosupports __getitem__ () and___len__ (), butis considered

a mapping rather than a sequence because the lookups use arbitrary immutable keys rather than integers.

The collections.abc.Sequence abstract base class defines a much richer interface that goes be-
yond just _ getitem__ () and _ _len__ (), adding count (), 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 (F 3 A= 23 A)
olH# B v 84 AAYV IR E At A5 G2 JPS et A Y. results =
{c for c in 'abracadabra' if c not in 'abc'}=EXg A {'r', 'd'}S AT
U t}. comprehensions = #2384 Al

single dispatch (2 t] A3 x])
23 o] hte] Qlake] Fol 7| ZFA AAH = AU 2 T4 A
slice (&2}o]2)
HEAAA 9 dREE 2= AA. S8tolas AH ATHE & = AHE
variable_name[1:3:5] A, [] ¢ollA] & 7} A& ZECE Ut &S (M E 23
HE) Z7|H 2 W HASRE slice AAE AT UTH

&
T
r U
o
K
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special method (5 WA =)

sfo] o] gof of i A4k, U 22, AP T o] EAFOR TE5 = HAE. o] HIA=EE F 719
WE 2 A& YU ol 52 2 JFUth S5 A= %Spemalnames o TAE BEo1A JdFUth

statement (Z7})
B A9 E (RE “B-E (block)) & FASHE REAUTL £ 234 o AL} 79 =2 AFgahe
o 71 +2E £ std Yt} 718 if, while, for.

static type checker

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

strong reference
In Python’s C API, a strong reference is a reference to an object which is owned by the code holding the refer-
ence. 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.

See also borrowed reference.

text encoding (G| A E Q17.9])
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 E 5}Y)

str AAE AT £ 5 9 U 4A. FF, GAE FA2 AAZE vl AF Holg 2=
A2 BT A E 91T G A AL RUCH HAE HU9 o e HAE BE (rr L ) 2
g% 3¢, sys.stdin, sys.stdout, io. StrlngIO./] A2EHAE &5 S JdHyTt

ol EL T A4 £ e & 5 e 3L AA ol s A= vholu 2] 9t & FxetAl L

al
triple-quoted string (2% u}-2 % ¥ £x}4)

oE3E () o Z—F% =E ()

715 & AlF oA = AR o 27FAFULh o)aA oz 5 A ok A2y
ZUSEE FAE g 2T £ AEE 5, AdF BAE 22X GuE oy Eo 22 5 &,
E2ERS L& 53] &R JFUT

type (3)
gholx AA e P& 2A 0] ol FTHY AAJAE ZAFUTH ZE AA &= o] FUth AAY
B2 class_ ojEgHER ‘?‘4/‘1]/\%‘—? AAY type (ob)) B A& 5 A5 YT

type alias (3 ol g 2] o] )
2 A Aol ti Y ste] RESoj A& B9 5.
Fodglolas 3 I EE deFsted 8L & 59

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

£ ohedt 2ol © 971 47 B 4 Jayh
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Color = tuple[int, int, int]

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

o] 7] 5 AW 3St= typingd} PEP 4845 2 5HA 8.
type hint (ﬁs‘ 3lE)
Hp, ZHlA o EYRE 9 3 v/l RS o vk 310] 71t E = 32 A A8k o] ' H| o] AL

Type hints are optional and are not enforced by Python but they are useful to static type checkers. They can also
aid IDEs with code completion and refactoring.

A9 W4E AAHT, AG AR, FAhs o=
get_type_hints ()& AHg3he] M2 4 Qlgruith

o] 7]%< 4 @3+ typing T} PEP 4845 3

BN
o
>
ko

universal newlines (-4 £ 9 7))
R _4_71.0 ;q;;th Z9o] Zog 9AF: HAE /\E]ﬂj
e "\n', A== A "\r\n"', A uf 715/\1 e \r'. F7HA QL ARGl #Si A= bytes.
splitllnes( ‘—:'Lr Tk ol 2} PEP 278 2} PEP 3116 = HAﬂL.

variable annotation (‘14> o] - E] o] 4)
el

mlo
QL
1%
o
rr
fuj
bt
Jo
1©
[>
=
o,
gl
)

W T FYa oERRES of H o4
M S Fels ol 2 HE of g0 A 2w e AE AU Th
class C:

field: 'annotation'

M olngo]de ditH e R 3 SlER ARG UTH & o, o] Mgt int & 7HE A2 g 7
HUoh:
H

[count: int = 0

Ha o] i H o] d T2 A annassign ol A] 2 8 g o

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

virtual environment (7}t $17)
Shol tl ALE A9} 88 210l 22 A2 Wl WS £ THE Shold 85 22 AW F2of
FEFE FA oA, sto|AH W 7 A S AAFAY L o] Est= AL 7Hs oA s, FE
Ao AeH A9 7.
venv & HA| Q.

virtual machine (7} 4 7] A)
szEYojuto 2 HolH AXE. vpo]| M) /1A 7] A& nlo|E TE A}
=g AR,

Zen of Python (3}o] % Al)
shol 4 i b9l Ueish AT L] B2, Aol o] k1 A o] E8o] HUTh of BEL 13
ZEIZEOA “import this” & JHstd B Yt

e
v
N
i
|
oy
rr
=
o
[m
K
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2 3} 104, PythonLabs & -2 Digital Creations( 3 A} Zope Corporation; https://www.zope.org/ FZ) 2 %754t}
2001 4, Jlr W Az E %] 01 A 2 (PSF, https://www.python.org/psf/ ZFz) o] A g5 & th o] ©Al = gho] A
#A AA Qe 2rotEs 585 A H vl F e 24 Ytk Zope Corporation> PSFO] £ 3191 9 U T}

28 ot WEHe 3] ST} (37) & Ao 94 hups: fopensourceor/ & 841
2). QAR O =, B RE (A% AL o UTh Thol A vl 3 GPLI} 3 Utk obel 9] Ei= Tk}

Hjj 32 sgd 3 6 E s GPL & =7
09.0~12 n/a 1991-1995 CWI yes
1.3~152 1.2 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 no
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
2.1.3 2.1.2 2002 PSF yes
2.2 o] Ak 2.1.1 2001-A ] PSF yes
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C.2.1 PSF LICENSE AGREEMENT FOR PYTHON 3.11.8

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

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

3.11.8 software in source or binary form and its associated documentation.

2. Subject to the terms and conditions of this License Agreement, PSF hereby
grants Licensee a nonexclusive, royalty-free, world-wide license to.
—reproduce,
analyze, test, perform and/or display publicly, prepare derivative works,
distribute, and otherwise use Python 3.11.8 alone or in any derivative
version, provided, however, that PSF's License Agreement and PSF's notice.
—of
copyright, i.e., "Copyright © 2001-2023 Python Software Foundation; All_
—~Rights
Reserved" are retained in Python 3.11.8 alone or in any derivative version
prepared by Licensee.

3. In the event Licensee prepares a derivative work that is based on or
incorporates Python 3.11.8 or any part thereof, and wants to make the
derivative work available to others as provided herein, then Licensee.

—hereby
agrees to include in any such work a brief summary of the changes made to.

—Python
3.11.8.

4. PSF is making Python 3.11.8 available to Licensee on an "AS IS" basis.
PSF MAKES NO REPRESENTATIONS OR WARRANTIES, EXPRESS OR IMPLIED. BY WAY OF
EXAMPLE, BUT NOT LIMITATION, PSF MAKES NO AND DISCLAIMS ANY REPRESENTATION.
<~>OR
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WARRANTY OF MERCHANTABILITY OR FITNESS FOR ANY PARTICULAR PURPOSE OR THAT..
—THE
USE OF PYTHON 3.11.8 WILL NOT INFRINGE ANY THIRD PARTY RIGHTS.

5. PSF SHALL NOT BE LIABLE TO LICENSEE OR ANY OTHER USERS OF PYTHON 3.11.8

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

MODIFYING, DISTRIBUTING, OR OTHERWISE USING PYTHON 3.11.8, OR ANY.
—DERIVATIVE

THEREOF, EVEN IF ADVISED OF THE POSSIBILITY THEREOEF.

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

7. Nothing in this License Agreement shall be deemed to create any.
—relationship

of agency, partnership, or joint venture between PSF and Licensee. This.
—License

Agreement does not grant permission to use PSF trademarks or trade name in.
—a

trademark sense to endorse or promote products or services of Licensee, or.
—any

third party.

8. By copying, installing or otherwise using Python 3.11.8, 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" basis.
BEOPEN MAKES NO REPRESENTATIONS OR WARRANTIES, EXPRESS OR IMPLIED. BY WAY OF
EXAMPLE, BUT NOT LIMITATION, BEOPEN MAKES NO AND DISCLAIMS ANY REPRESENTATION OR
WARRANTY OF MERCHANTABILITY OR FITNESS FOR ANY PARTICULAR PURPOSE OR THAT THE
USE OF THE SOFTWARE WILL NOT INFRINGE ANY THIRD PARTY RIGHTS.

4. BEOPEN SHALL NOT BE LIABLE TO LICENSEE OR ANY OTHER USERS OF THE SOFTWARE FOR
ANY INCIDENTAL, SPECIAL, OR CONSEQUENTIAL DAMAGES OR LOSS AS A RESULT OF USING,
MODIFYING OR DISTRIBUTING THE SOFTWARE, OR ANY DERIVATIVE THEREOF, EVEN IF
ADVISED OF THE POSSIBILITY THEREOF.
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This License Agreement will automatically terminate upon a material breach of
its terms and conditions.

This License Agreement shall be governed by and interpreted in all respects

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

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

C.2.3 CNRI LICENSE AGREEMENT FOR PYTHON 1.6.1

This LICENSE AGREEMENT is between the Corporation for National Research
Initiatives, having an office at 1895 Preston White Drive, Reston, VA 20191
("CNRI"), and the Individual or Organization ("Licensee") accessing and
otherwise using Python 1.6.1 software in source or binary form and its
associated documentation.

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
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THEREOF, EVEN IF ADVISED OF THE POSSIBILITY THEREOF.

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

7. This License Agreement shall be governed by the federal intellectual property
law of the United States, including without limitation the federal copyright
law, and, to the extent such U.S. federal law does not apply, by the law of the
Commonwealth of Virginia, excluding Virginia's conflict of law provisions.
Notwithstanding the foregoing, with regard to derivative works based on Python
1.6.1 that incorporate non-separable material that was previously distributed
under the GNU General Public License (GPL), the law of the Commonwealth of
Virginia shall govern this License Agreement only as to issues arising under or
with respect to Paragraphs 4, 5, and 7 of this License Agreement. Nothing in
this License Agreement shall be deemed to create any relationship of agency,
partnership, or joint venture between CNRI and Licensee. This License Agreement
does not grant permission to use CNRI trademarks or trade name in a trademark
sense to endorse or promote products or services of Licensee, or any third
party.

8. By clicking on the "ACCEPT" button where indicated, or by copying, installing
or otherwise using Python 1.6.1, Licensee agrees to be bound by the terms and
conditions of this License Agreement.

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.

C2. sho|do] WA 23k A} AF&3l7] $1%F o] & o 93




Extending and Embedding Python, &2] ~ 3.11.8

C.2.5 ZERO-CLAUSE BSD LICENSE FOR CODE IN THE PYTHON 3.11.8 DOCUMEN-
TATION

Permission to use, copy, modify, and/or distribute this software for any
purpose with or without fee is hereby granted.

THE SOFTWARE IS PROVIDED "AS IS" AND THE AUTHOR DISCLAIMS ALL WARRANTIES WITH
REGARD TO THIS SOFTWARE INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY
AND FITNESS. IN NO EVENT SHALL THE AUTHOR BE LIABLE FOR ANY SPECIAL, DIRECT,
INDIRECT, OR CONSEQUENTIAL DAMAGES OR ANY DAMAGES WHATSOEVER RESULTING FROM
LOSS OF USE, DATA OR PROFITS, WHETHER IN AN ACTION OF CONTRACT, NEGLIGENCE OR
OTHER TORTIOUS ACTION, ARISING OUT OF OR IN CONNECTION WITH THE USE OR
PERFORMANCE OF THIS SOFTWARE.
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A C-program for MT19937, with initialization improved 2002/1/26.
Coded by Takuji Nishimura and Makoto Matsumoto.

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

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

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

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

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

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

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS

"AS IS" AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT

LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR

A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE COPYRIGHT OWNER OR
CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL,

(H& sl o] Al ol Al )
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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.3.2 427

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

OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT
LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY
OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF
SUCH DAMAGE.
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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.34 F7] &=

http.cookies REX Tha3 -2 £ A& 283 th:

Copyright 2000 by Timothy O'Malley <timo@alum.mit.edu>
All Rights Reserved

Permission to use, copy, modify, and distribute this software

and its documentation for any purpose and without fee is hereby
granted, provided that the above copyright notice appear in all
copies and that both that copyright notice and this permission
notice appear in supporting documentation, and that the name of
Timothy O'Malley not be used in advertising or publicity

pertaining to distribution of the software without specific, written
prior permission.

Timothy O'Malley DISCLAIMS ALL WARRANTIES WITH REGARD TO THIS
SOFTWARE, INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY
AND FITNESS, IN NO EVENT SHALL Timothy O'Malley BE LIABLE FOR
ANY SPECIAL, INDIRECT OR CONSEQUENTIAL DAMAGES OR ANY DAMAGES
WHATSOEVER RESULTING FROM LOSS OF USE, DATA OR PROFITS,
WHETHER IN AN ACTION OF CONTRACT, NEGLIGENCE OR OTHER TORTIOUS
ACTION, ARISING OUT OF OR IN CONNECTION WITH THE USE OR
PERFORMANCE OF THIS SOFTWARE.
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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 %! UUdecode &5~

wu EEL T 2L 3o Age e

Copyright 1994 by Lance Ellinghouse
Cathedral City, California Republic, United States of America.

All Rights Reserved
Permission to use, copy, modify, and distribute this software and its
documentation for any purpose and without fee is hereby granted,
provided that the above copyright notice appear in all copies and that
both that copyright notice and this permission notice appear in
supporting documentation, and that the name of Lance Ellinghouse
not be used in advertising or publicity pertaining to distribution
of the software without specific, written prior permission.
LANCE ELLINGHOUSE DISCLAIMS ALL WARRANTIES WITH REGARD TO
THIS SOFTWARE, INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY AND
FITNESS, IN NO EVENT SHALL LANCE ELLINGHOUSE CENTRUM BE LIABLE
FOR ANY SPECIAL, INDIRECT OR CONSEQUENTIAL DAMAGES OR ANY DAMAGES
WHATSOEVER RESULTING FROM LOSS OF USE, DATA OR PROFITS, WHETHER IN AN
ACTION OF CONTRACT, NEGLIGENCE OR OTHER TORTIOUS ACTION, ARISING OUT
OF OR IN CONNECTION WITH THE USE OR PERFORMANCE OF THIS SOFTWARE.

Modified by Jack Jansen, CWI, July 1995:
— Use binascii module to do the actual line-by-line conversion
between ascii and binary. This results in a 1000-fold speedup. The C
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version is still 5 times faster, though.
- Arguments more compliant with Python standard

C37 XML YA =g XA 5=

xmlrpe.client RES The 3 22 29 A3 ek

The XML-RPC client interface is

Copyright (c) 1999-2002 by Secret Labs AB
Copyright (c) 1999-2002 by Fredrik Lundh

By obtaining, using, and/or copying this software and/or its
associated documentation, you agree that you have read, understood,
and will comply with the following terms and conditions:

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

SECRET LABS AB AND THE AUTHOR DISCLAIMS ALL WARRANTIES WITH REGARD
TO THIS SOFTWARE, INCLUDING ALL IMPLIED WARRANTIES OF MERCHANT-
ABILITY AND FITNESS. IN NO EVENT SHALL SECRET LABS AB OR THE AUTHOR
BE LIABLE FOR ANY SPECIAL, INDIRECT OR CONSEQUENTIAL DAMAGES OR ANY
DAMAGES WHATSOEVER RESULTING FROM LOSS OF USE, DATA OR PROFITS,
WHETHER IN AN ACTION OF CONTRACT, NEGLIGENCE OR OTHER TORTIOUS
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

(TH& sl o] A ol A1)

98 Appendix C. < x}¢} glo] A A




Extending and Embedding Python, &2] ~ 3.11.8

(o] A sl o] Ao A A<)
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-S kqueue Q1 E| 3] o] 2o thal THe 3} 2 9] AgHe ERFU T

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

3} Python/pyhash.c ©|+& Dan Bernstein 2] SipHash24 &1 2] & 2] Marek Majkowski 2] =& o] Z 35| of
A5yt 7)ol 23 22 W&ol 3= o s th:

<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>

(H& sl o] Al ol Al )

C3. =%

i
B
[t
(m

slolol that eholdls 9 53l 99




Extending and Embedding Python, &2] ~ 3.11.8

(oA s o] A e A A)
Original location:
https://github.com/majek/csiphash/

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

C.3.11 strtod ¢} dtoa

The file Python/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 fol-
lowing copyright and licensing notice:

/‘k*‘k*************************************************************
*

* 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.

* % o

* % o

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.

*

* % o

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

C.3.12 OpenSSL

The modules hashlib, posix, ssl, crypt 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.

(TH& sl o] Al ol Al )
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"Licensor" shall mean the copyright owner or entity authorized by
the copyright owner that is granting the License.

"Legal Entity" shall mean the union of the acting entity and all
other entities that control, are controlled by, or are under common
control with that entity. For the purposes of this definition,
"control" means (i) the power, direct or indirect, to cause the
direction or management of such entity, whether by contract or
otherwise, or (ii) ownership of fifty percent (50%) or more of the
outstanding shares, or (iii) beneficial ownership of such entity.

"You" (or "Your") shall mean an individual or Legal Entity
exercising permissions granted by this License.

"Source" form shall mean the preferred form for making modifications,
including but not limited to software source code, documentation
source, and configuration files.

"Object" form shall mean any form resulting from mechanical
transformation or translation of a Source form, including but
not limited to compiled object code, generated documentation,
and conversions to other media types.

"Work" shall mean the work of authorship, whether in Source or
Object form, made available under the License, as indicated by a
copyright notice that is included in or attached to the work

(an example is provided in the Appendix below) .

"Derivative Works" shall mean any work, whether in Source or Object
form, that is based on (or derived from) the Work and for which the
editorial revisions, annotations, elaborations, or other modifications
represent, as a whole, an original work of authorship. For the purposes
of this License, Derivative Works shall not include works that remain
separable from, or merely link (or bind by name) to the interfaces of,
the Work and Derivative Works thereof.

"Contribution" shall mean any work of authorship, including

the original version of the Work and any modifications or additions

to that Work or Derivative Works thereof, that is intentionally
submitted to Licensor for inclusion in the Work by the copyright owner
or by an individual or Legal Entity authorized to submit on behalf of
the copyright owner. For the purposes of this definition, "submitted"
means any form of electronic, verbal, or written communication sent

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

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

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
(th sl o] A o] A<
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copyright license to reproduce, prepare Derivative Works of,
publicly display, publicly perform, sublicense, and distribute the
Work and such Derivative Works in Source or Object form.

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

4. Redistribution. You may reproduce and distribute copies of the
Work or Derivative Works thereof in any medium, with or without
modifications, and in Source or Object form, provided that You
meet the following conditions:

(a) You must give any other recipients of the Work or
Derivative Works a copy of this License; and

(b) You must cause any modified files to carry prominent notices
stating that You changed the files; and

(c) You must retain, in the Source form of any Derivative Works
that You distribute, all copyright, patent, trademark, and
attribution notices from the Source form of the Work,
excluding those notices that do not pertain to any part of
the Derivative Works; and

(d) If the Work includes a "NOTICE" text file as part of its
distribution, then any Derivative Works that You distribute must
include a readable copy of the attribution notices contained
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
(th= =l o] A ol A<)
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for any such Derivative Works as a whole, provided Your use,
reproduction, and distribution of the Work otherwise complies with
the conditions stated in this License.

5. Submission of Contributions. Unless You explicitly state otherwise,
any Contribution intentionally submitted for inclusion in the Work
by You to the Licensor shall be under the terms and conditions of
this License, without any additional terms or conditions.
Notwithstanding the above, nothing herein shall supersede or modify
the terms of any separate license agreement you may have executed
with Licensor regarding such Contributions.

6. Trademarks. This License does not grant permission to use the trade
names, trademarks, service marks, or product names of the Licensor,
except as required for reasonable and customary use in describing the
origin of the Work and reproducing the content of the NOTICE file.

7. Disclaimer of Warranty. Unless required by applicable law or
agreed to in writing, Licensor provides the Work (and each
Contributor provides its Contributions) on an "AS IS" BASIS,
WITHOUT WARRANTIES OR CONDITIONS OF ANY KIND, either express or
implied, including, without limitation, any warranties or conditions
of TITLE, NON-INFRINGEMENT, MERCHANTABILITY, or FITNESS FOR A
PARTICULAR PURPOSE. You are solely responsible for determining the
appropriateness of using or redistributing the Work and assume any
risks associated with Your exercise of permissions under this License.

8. Limitation of Liability. In no event and under no legal theory,
whether in tort (including negligence), contract, or otherwise,
unless required by applicable law (such as deliberate and grossly
negligent acts) or agreed to in writing, shall any Contributor be
liable to You for damages, including any direct, indirect, special,
incidental, or consequential damages of any character arising as a
result of this License or out of the use or inability to use the
Work (including but not limited to damages for loss of goodwill,
work stoppage, computer failure or malfunction, or any and all
other commercial damages or losses), even if such Contributor
has been advised of the possibility of such damages.

9. Accepting Warranty or Additional Liability. While redistributing
the Work or Derivative Works thereof, You may choose to offer,
and charge a fee for, acceptance of support, warranty, indemnity,
or other liability obligations and/or rights consistent with this
License. However, in accepting such obligations, You may act only
on Your own behalf and on Your sole responsibility, not on behalf
of any other Contributor, and only if You agree to indemnify,
defend, and hold each Contributor harmless for any liability
incurred by, or claims asserted against, such Contributor by reason
of your accepting any such warranty or additional liability.

END OF TERMS AND CONDITIONS
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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
a copy of this software and associated documentation files (the
"Software"), to deal in the Software without restriction, including
without limitation the rights to use, copy, modify, merge, publish,
distribute, sublicense, and/or sell copies of the Software, and to
permit persons to whom the Software is furnished to do so, subject to
the following conditions:

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

THE SOFTWARE IS PROVIDED "AS IS", WITHOUT WARRANTY OF ANY KIND,
EXPRESS OR IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE AND NONINFRINGEMENT.
IN NO EVENT SHALL THE AUTHORS OR COPYRIGHT HOLDERS BE LIABLE FOR ANY
CLAIM, DAMAGES OR OTHER LIABILITY, WHETHER IN AN ACTION OF CONTRACT,
TORT OR OTHERWISE, ARISING FROM, OUT OF OR IN CONNECTION WITH THE
SOFTWARE OR THE USE OR OTHER DEALINGS IN THE SOFTWARE.

C.3.14 libffi

_ctypes 3F L2 Wt E —_yith-system-1ibffi & FASFA] k= 3 ETH libfi &2 AR S AR5 o]

Weg

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.
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C.3.15 zlib

21ib B Al 2 E o A A H 2lib W o] L1 @ 25 o] A M=o A8F 5 §low, 3 glib 4 AR

Ag3te] WEH U T

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

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

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

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

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

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

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

C.3.16 cfuhash

tracemalloc °f &l A2 = 3|A] EHo]E9] 3L cfuhash Z2AEE 7|Hlo 2 SHt}:

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

C.3.17 libmpdec

_decimal EE2 Y EE ——with-system-libmpdec & T4 3}A] &4+ dF, Z3HH libmpdec 22 AR S

AHg 5ol W EH Utk

Copyright (c) 2008-2020 Stefan Krah. All rights reserved.

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

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

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

THIS SOFTWARE IS PROVIDED BY THE AUTHOR AND CONTRIBUTORS "AS IS" AND

ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE
IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE
ARE DISCLAIMED. 1IN NO EVENT SHALL THE AUTHOR OR CONTRIBUTORS BE LIABLE
FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL
DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS

OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT
LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY
OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF
SUCH DAMAGE.

C.3.18 W3C C14N H~E A~ 9 E

The C14N 2.0 test suite in the t est 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,
(th sl o] A o] A%
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this list of conditions and the following disclaimer.
* Redistributions in binary form must reproduce the original copyright
notice, this list of conditions and the following disclaimer in the
documentation and/or other materials provided with the distribution.
* Neither the name of the W3C nor the names of its contributors may be
used to endorse or promote products derived from this work without
specific prior written permission.

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

C.3.19 Audioop

The audioop module uses the code base in g771.c file of the SoX project. https://sourceforge.net/projects/sox/files/sox/
12.17.7/s0x-12.17.7 .tar.gz

This source code is a product of Sun Microsystems, Inc. and is provided for unrestricted use. Users may
copy or modify this source code without charge.

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

Sun source code is provided with no support and without any obligation on the part of Sun Microsystems,
Inc. to assist in its use, correction, modification or enhancement.

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

In no event will Sun Microsystems, Inc. be liable for any lost revenue or profits or other special, indirect and
consequential damages, even if Sun has been advised of the possibility of such damages.

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

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
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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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Copyright © 2001-2023 Python Software Foundation. All rights reserved.

Copyright © 2000 BeOpen.com. All rights reserved.

Copyright © 1995-2000 Corporation for National Research Initiatives. All rights reserved.
Copyright © 1991-1995 Stichting Mathematisch Centrum. All rights reserved.
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