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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 PyLong_FromLong (sts);

}
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2.1.2 97+3: o2l 2} ol 9]

An important convention throughout the Python interpreter is the following: when a function fails, it should set an
exception 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.

Jho] 7 API= TRt o] ol2] & A7) 1% o2 S8 Ao gy

744 ubA ol AL pyErr_SetString () YUTh AAFE A9 AA L C EAL AU o9 AR & B
% PyExc_ZeroDivisionErroret 22 wg] Fo® AAJuch C AL of 8o 4L Lpehhn
shold Eatd A A = A8 o] o9 o] “AH o= AFHUTh

Iﬂ— T8 S =PyErr_SetFromErrno () YUTh o] 4= o Q] QAeHH 511
AAbste] &9 e FATEU . 7 dkE ‘?l Y4 PyErr_SetObject () ©]
ﬂqﬁﬂﬂﬂswhhﬁkﬂﬂﬁﬂ S0l de= = AAE Py _INCREF () & B8+ g5

PyErr_Occurred () & |27} A= o] Q=X 0] sty H o2 AAE 4= lFUth dA o AA v
ol 2] 7 WA 5 9F5ho W NULLE WHa gL o, wh gl H F glofoF oH A dnbA oz g T 2ol A
A7 A A =X FA37] Y3 PyErr_Occurred() & & I = 1,]1:},

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 its 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 PyExc_TypeError. If you have an argument whose value must be in a particular range or
must satisfy other conditions, PyExc_ValueError is appropriate.

BE ZFIA AL E Ho T 5 HFUTE o] & 98], dubE oz d Al BB A AR WrE
Ao

[static PyObject *SpamError;

and initialize it in your module’s initialization function (PyInit_spam () ) with an exception object:
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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 () func-
tion 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 SpamError 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;

}

return Pylong_FromLong (sts) ;

8 Chapter 2. A2z} £ glo] 83 w5 7|
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2.1.3 oA 2 So}7}7]

ANA| 2 Fol7HA, oAl A E-L o] TS ol o loloF Fth:

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

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).

= = d2 92 F5 systen () = £E T, PyArg_ParseTuple () oA @2 A& A2y

[sts = system(command) ;

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

[return PyLong_FromLong (sts) ;

o] 4%, A AAE AU (o, Ae2A= shol oM 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):

Py_INCREF (Py_None) ;
return Py_None;

|

Py_None-2 5% 3to| & A7 Noned] C o] F U th HollA] B % o], thi2 o] 3ol A “of 8”& S5}
+ NULL 21 E 7} ob gt AR sho] Al AR vt

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

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

bi

Al B FE (METH_VARARGS) o] o8t Al 2. o] A2 B =] E oA C ol AHE TE 2L
dHFE=ZgYgagdYch gduwltd o 7 A METH._VARARGSUW METH_VARARGS | METH_KEYWORDSO] of
FUTh 0 g2 U AFSH A b= PyArg_ParseTuple () ® o] AMGEH S o vt

METH_VARARGS Tk A28 uff, $h4=+= Fho] %l =5 wj 7§ W47} PyArg_ParseTuple () & B8 & &
Aof 5| 8H = FEE HNDGE 222 7|l of Futh; o] Fpoll th & A4 & A B = ofefj o] Al &-F YT

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.

HA = EH ol 82 2E Ao FRA A FxH ook gyt
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static struct PyModuleDef spammodule = {
PyModuleDef_ HEAD_INIT,

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

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

bi

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
declarations 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
comments 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. Toadd the module to the initialization table, use Py Import_AppendInittab (),
optionally followed by an import of the module:

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

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

/* Add a built-in module, before Py _Initialize */

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

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

/* Initialize the Python interpreter. Required.
If this step fails, it will be a fatal error. */
Py_Initialize();

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

(h& sl o] A ol Al<%)
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(o1 sl o] Al el A A%

PyMem_RawFree (program) ;

return 0;
t
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o W4 (L o g o] B7lo] 4 AT ool ol shol A & AR o thE LIAHE AN
(Py_INCREF () 510k 1 210] £ 414 21). A& Bol, g F4£ 28 H9 9] A2 5 A5tk

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;

I3

return result;

This function must be registered with the interpreter using the METH_VARARGS flag; this is described in section 5
E9| WA= o] B} 27|35} 4=, The PyArg_ParseTuple () function and its arguments are documented
in section £} FHof] A] ulf 7H ‘i? FZ7317].
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int arg;
PyObject *arglist;
PyObject *result;

arg = 123;

/* Time to call the callback */

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

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

PyObject_CallObject ()
Yttt PyObject_callo
PyObject_CallObject ()
“Uch
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F=7hA 98 AT 5 =S Tk 01 ol 7bs st U vt A 8A] ¢F o™, PyErr_Clear ()
5t =
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£ 2 &5t 2 E AR oF Ut

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

é
EL

5Jr°l“4 "E’H Sl o 3l %ﬂ” 1Eﬁ] o] A 2}, PyObject_CallObject () o AR E2-L A-Z3of
W 45 A QT 2L A A o)A E T Fo]H L E I A
1} Al 0 2 A AE T AFLE 2 9l Ut T2 A Lo, R B2
AsUth ol FA o= 7 s WY -2 py_Bui
2 3E3= AU A2 So], AF o|WlE FEE ALY, S TEE AT F A5 U

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) ;

S, oy FH Aol Py DECREF (arglist) 9 Bl X FoJ st Al 2! =3t

3= 3 st A
FT7F XA A o °J' S o&x 93 AlL: Py_Buildvalue () o W2 & 7} —,—é—@— 4 9loj A FolF ok
el

AAFe} 7|9 E JAAE A P38l PyObject_Call () & AHE8to] 7IH = A = e 25 5

A5Uth 919 ool A &42Fo], Py_Buildvalue () & AFR 3] 98 S AT

PyObject *dict;

dict = Py_Buildvalue("{s:1}", "name", val);
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) ;

2.1.7 3 Fol A w7 W4 22517

PyArg_ParseTuple () T4t t}g 3} 2o] A A U r):

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

arg QA= Shol Mol A C 42 A = A % Fo] ZAE FF AR o oF Gtk formar A= 9
44 e0] o]0} 851, £1.& 3hol LUC API 93] D2 vl 2] arg parsing] 435 o] I e 114
b= ER Bxpgol o5 Pol AR & W Faofof Fuich

PyArg_ParseTuple () & 3to] & AA7F @ 75 = FAA] A wh T & ALH C Gy T4
TS AT YFUTh ASE W, 2=V FEFAY Hoje v R 9] Ao v EE dolF T
ey 24 AL

SEAANA AwE = BE ol A AA AR Bel2(borrowed) FR A FY AN L FR IAFE

F ol vpy Al 2

27 oA B E:
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#define PY _SSIZE_T CLEAN /* Make "s#" use Py_ssize_t rather than int. */

#include <Python.h>

int ok;
int 1, J;
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, &Jj, &s, &size);
/* A pair of ints and a string, whose size is also returned */
/* Possible Python call: f((1, 2), 'three') */
J
{
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)",
&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) */
}
J
14 Chapter 2. A4z} = glo] 3 w57
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21.8 A I4-E 3t 7| = i) W

PyArg_ParseTupleAndKeywords () SF5e OS2 2ol AAF Y}:

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

arg®} format W] 7Y M= PyArg_ParseTuple () 2t S LYt kwdict v 7)) ¥ 4=+= 3}o]
oA Al A w7 AP E SAH °J‘: gAYt kwlist w7 A= w7 ¥ d
TALI NULL T8 55 AUT; o] 52 AFANN L 2HO R formar®] F BAH e} A gL Bw
PyArg_ParseTupleAndKeywords () = 22 ¥t3sl, 228X ko AR vtEsta 2 @3l

AU,

o, S o
e (2 e @

3 ANE QAT AE LT ST FES TEEAY - 95U TH knlisol e A1 9E 1A W
AGE A TypeErrorE WA A AU th
T}-2--& Geoff Philbrick (philbrick@hks.com) 2] A& 7|HlC 2 3}, 7| Y =& AR Sl+= oA RE Y YT

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

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

int voltage;

const char *state = "a stiff";

const char *action = "voom";

const char *type = "Norwegian Blue";

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

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

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

Py_RETURN_NONE;

static PyMethodDef keywdarg_methods[] = {
/* The cast of the function is necessary since PyCFunction values
* only take two PyObject* parameters, and keywdarg_parrot () takes
* three.
74
{"parrot", (PyCFunction) (void(*) (void))keywdarg_parrot, METH_VARARGS | METH_
—KEYWORDS,
"Print a lovely skit to standard output."},
{NULL, NULL, 0O, NULL} /* sentinel */
bi

static struct PyModuleDef keywdargmodule = ({
PyModuleDef_ HEAD_INIT,
"keywdarg",
NULL,
_1,
keywdarg_methods

bi
(Th o] A ol Al%)
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(o1 sl o] Al el A A%

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

2.1.9 Y99 3 F+5317]
o] §4-= PyArg_ParseTuple () 9 WHol G UTh T}e3h 2o] HAH U}

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

PyArg_ParseTuple () ol A QA= = 213 FAFSE 20 &9 F S AA A wh JAAH(F Y &8 0]
ozt JdHddUth+ :L-‘?_]H 7} ok h 2 gholof o P th. sho] Mo A TE 3 C ol Al WHEket7] o
23k A 3hol X A E vk o

PyArg_ParseTuple () #&] & 7}A] Aol : T A= A WA A A7} FZo]ofof 3hA] wk (o] A <12k
B2 FHYREHoRE FEE FHH 7 WEYUth, Py_Buildvalue () € &4 FEE U= A+
%}an} T EAlgo] E olAe] =W 97t 23HE Ao vt FZ2 L Ak W Ex1Y o] v]of
Ao Noned WHEHstU T} A &3] shute] =W o9 S 235, 27 0] Flol A sy =9 o9 7}
71&dte AAE Ut 27171001 U 19 FE2S A Z el = sled, 2 Bl S 257

- ERIPAR

=
AA (FFL T2, LEF-2 A3} ol g th:
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 (" ()") ()
Py_BuildvValue (" (i)", 123) (123,)
Py_BuildvValue (" (ii)", 123, 456) (123, 4506)
Py_BuildvValue (" (i,1i)", 123, 456) (123, 456)
Py_Buildvalue("[i,1i]", 123, 456) [123, 456]
Py_Buildvalue ("{s:i,s:1i}",

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

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

21.10 F¥x 3¢

Cut C+ 2 22 Aofoll A, Poll A W& 2] o] 54 g3 T s Al o= Afii:ﬁﬁlﬂﬂﬂ gyt C

A A, malloc () Ffree () T AHEEY o] Y-S ST CH+ol A&, A4t newst delete
=

“HZ‘”OE7%4U1E/\}&QH4 = FEE =9 A2 At As U

malloc () o2 S35 2E fRg 1;'_‘%3 free()—% J 23] st H S &3] AHS 7MEst MR 22
Wk3E] of of T T “\]Oﬂ free () E E &%= Aol T8FUT EF9 FAE AW AT free ()
EFZxgon zzadol 229 u7A S%é A B W 22 E AAFS S 5 “A‘%D} o] AL
W 2 8] = (memory leak) e}l T T} ‘?}Eﬂ"ﬂ TR EFof ] free () E TET U3 ESS
AL AHEEHH, T2 malloc () £ES B3 ES5S A uf T 5] HA T YL o] A S A E B2
2] AH-&-8}7] (using freed memory) e}l Z}HD} z7l ﬂEI A FLHolHE 2= AN e U A3E

ZUguct— 0] 9=, FRE A3} v AT FE
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R 5o Al A I Fehn|A4AA A2Y UL A& 9, e vEY E5S
gtstar, of | AL 3ok, 255 A A S 5 9}%‘4 o} o] A gharof thdt 8 Abgro] W A 5 of
o] 27 #A = A4tel tisk AALE F718ta 47 2 7)o viE g 5 =& ) o] 27
922 7P o, 53] s 2= F71E o, @'%"% R 855 At A Ao g7 g5
Utk o8 e dd oA H 35 LA FAHA GF UL oy 222 AA &9 T2
F2o A gt o] F oA u, th B2 2] H Al A i@"ﬂ% % 7Hg W B 7 oA, =5 st FE A
AbEete 28] AT = ZE2 A2 AT =7 dEbg U T whelA, o] S/ ol HE I Aol
A 3l 7 BAA] FEE o= Aol F8¥YTh
stolM & malloc () 3 free () & Wol ARE317] wf&oll, Wl 2 2] + A W 22 AHSE 3] 5k= A
2Fo] I g F ). /ﬂE—."% WS xR 34 A 7] (reference countmg)ﬂ-]f_ U A= 7]"—’]'7:}‘/]5} =
Ao 7 E1 % EHILIh AL T AN TN 2271 ol 6 bl A4E W 5 7l 2t A
o) ZagUct ZHEE 700 =2, Aol o g wpx] ek 2 7F AA| " 2 o] a1 A A 7} ) Al U T
A A =S X5 7] A A (automatic garbage collectlon)O] gt gk (W2 &, Z2 35 A 7| = 718 R
TA Hdekolgta OH/“LT 7]'X] 7] Y8l “AHsr = 2UsUTh) As 7H A Y g E S
ARt free () E AR R 2 B vt ke AYUh (E 02 239 o) HLe S5 1) v R g
A& ] Ffd o] A gk — o] 212 A1 sE AFA ©] o]-lﬁqu-,) GH2CY A Fx AT A ]t o] A1 QA

FUE 5 QAT (@4 nalloc (3} free ()8 AHEE 5 915 B — ol & C E20] WAR T, A2
ST DL AT A A S8 B awu} QICE AN e ouw 91 AHE 7HH] A
SR AEE 5 92 AQYTh Iu7A, 43}
ol Ae AB A B2 A5 AN FRE ABHAD, B2 £BE AT <8 Px]ﬂ&xﬂﬁwq
o8 5o 3§ =W APl AL YA = F = 2

3¢l

E
e
)
PN
e
_{

1% 4o
=)

TN = =& AA ol WS F7F
o & ﬂb}f%‘rOﬂ S AA A Fxd MRS T+ S U
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.

= =
— = gn. - = —
SR A el e ehol Hlsl 24514 Sols Ttk B2 E8e (oAE 2A o)
Zppl o] ek FxE 2ok AAE FA4F A, &3 72t AR = 00] obd Fx A4E 25U ¢
A g 94 ] 3 27k gelebe 2z <o AAle] £
Py

sho] Aol A Iz 34 A7)

Fx 59 e FAaE Agste 7 /e W2 = py_INCREF (x) 2} Py_DECREF (x) 7} Q1554 th
Py_DECREF () &+ 34 7}0011 gt AA & HA = Ut FA8ES A8, free () B AH 3}
2 Ut — A, AAQ] & AR (nype object)ll Y= T4 ZAEHE T3 TEFYTE o] HH(E 7]Eh
= el B AAol= g & AA ol et A= :tﬂ%ME‘r

o|A & AE o] d5yth: AA Py_INCREF (x) £} Py DECREF (x) & AFHEEU7I? @x{ 2 7}z L0]&
274 AE U okt E AAE “’\Tr(OWHS)”GPXl syt | lﬁ% w, AAl gk FxE
reference)& 7 YFUTEH AA Y T2 Slp= oA o] AA|o e F2E 473 T2 FJF z
28R g 27 R FA egg ] Py_DECREF () & Z & oF Ut Fxo 2 74AL ST 5
AFUh 273 FxE AE st Al 714 B ol A5 Utk A8, A% W Py_DECREF () &

FxE AL god w Ry 473y o

FzE Qe = (borrow) AE 7Hs Ut Zx 2 Eﬁoix}(borrower)t Py_DECREF () &
A E G HUL ofzats dd 2afAE o § 22 AAE 2ot E FFUH 277 AL
el x s AF S A AE o w2l A8 B Aol gy Al 3o Tk,

]

&3t
ngu g7 ojH2 ZEES %?} ﬂ%ﬂ BE FEAAN F2E AT 227}

Az gl v o=
AUt — &, 42 FxE At 27 T8 Aol =79 913 o “*HD} 2ot 2ol |5
dee A9 gL, 2RV vl Z =AY, ‘ﬂa‘ o= i%x}ﬂ AAZE F2E AL Fo 2=
F27H AR 5 Y EE 43 o] vk Ayt
U8 FE=Py_INCREF () S £E38F] /3 F22 AT ¢ lgyth o]+ #2522 2 /A9
FEfol dFE AR dFUT—MEL 2FH F2E UEL AT 277 S FoAdynh (o] A
2 Zz «“x 2] 7] (borrowing)” -G 3] Lut2 2] F5UTH AGAE W] F2 AHRLS A1 Y5 th
Ax A47b1 o4 A FAsE AL AEFA FEUT— FE A4 AA A AAR welol AL 4 AoIA hE AR
A8 £ AHYTH
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AAANA AAE —?—%6‘}‘: g2 d4s Fxs A 212 A2 Ueh A&
o] PyObject_GetAttrString(). Z2uv B 7}A AWkA A Feo] o g o] 7] wf 2o
o] W33sA LUt} PyTuple GetItem (), PyList_GetItem(), PyDict_GetItem/(
PyDict_GetItemString() 2 EF 5 gl2E EE= U oA dd Ll gRi=g

Az =
PyImport_AddModule () &= AA|l£ vi&dsts AA S v ¢ A LA F2E rdgd Ut 4
Al gt 273 F27) sys.moduleso AFE o 917] wf £ 7}‘—51-\/] o},
AA FxE e o A2 o, ditg o g hps oy R oz RE 71‘:}55 AU — 25 A%
sl oF 31, Py_INCREF () & ARS8l 57 & 1}7}91%3} ol FH M= F 7HA TR A7 A
t}: PyTuple_SetItem( J}PyLlst SetItem(). o] &2 : &
— A} AT k! (PyDict_setltem () L AFEL £ 70E A ohA Feich— ol 5L G
Juch)
C@sst ol el 52E u, EEARYE & ddfel Y@ BE2E 0 R L LEL
7‘%5-‘3 2Fot7) 2o, BH FxY 2 e uksE w72 R Uk oy e FxE AR
stAU desfof & wi kP
zho] R o A

M
w2 ol

=9 C ol ekl A

fu &
2
gt *
i
<
L fob

Alo] O
=2 2 ua
AR 7)o Fafst A FRo Atgo] AE dod 5 &= 2 VA Aol JFULH o AEL BT
B2 £RAL BEE ARIES T4 I AHzIHY BAH 527 Fado] d5Uh
g WA Lolol T Y FRT A9 Bl2E FEo| @ F2E Welt 5 B gt AR A
Py_DECREF () & AH&3t= A YUt o & &9
void
bug (PyObject *1list)
{

PyObject *item = PyList_GetItem(list, O0);

PyList_SetItem(list, 1, PyLong_FromLong (0L));

PyObject_Print (item, stdout, 0); /* BUG! */
}
o] WA list (0] o et F2E WA ThF, 1ist [1]S F 02 vl 3, upA 2oz W FRE
A g ot 7351 3l Eo] A 82 sFA vF 1 ¥ A] grs U T
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

18 Chapter 2. A4} 7 glo] &4 w571
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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 i tem.

Ag A 3 b, S A P AEth ANA LT FE A4S w AL L9HE WA

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

Py_INCREF (item) ;

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

Py_DECREF (item) ;

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---

Y Fxo FAZF Qe F A Ao 2d=o FHA NP YUTE dubH o7, shol ] AR A
A 3E B3t Xd"* Fo] JlolA], ol B ZHY oy 2 =E e AEA 2 771013
54Utk 28y, W2 2 Py_BEGIN_ALLOW_THREADSE A3t o] 28 X Ao g s)A 5t
Py_END_ALLOW_THREADSE A& 3}o] thA] EH T 4 Ql5Uth ol B2 7 /0 &= A &3], /0
7FAEHVE VIvE e ST 2HEVF ZZAAE ARSE 7 AESE FYth 299, oS T4
o] A 4o} -2 FAI7F lE Y th

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! */

AurA o7 A HRE AR He}= 4= NULL ZAHE AL Aoz 7|uslx gon, 187
St 5 Gz ok (s o] 39 Fo] =5 ughth). AR Fx S wdtsts= avt Qulr o g
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£ Q=3 =
o ] 7H I 5= LR 7] 913 A RENULL S RER
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Bol WY al SEsh o el AR e,
NULLY = & ZAE 7 412 o] “A 7o 4 ukNULLS AAFSHE 2 o] E5Uth ol 8 E9],malloc ()
oL} o ] & LA Z 5 A= Tl Al
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2111 C++ = 7% 251 7]

Co+2 84 05 E A4L 4 ATk LA Aol AT 2 2229 (5hol A e
o] C Astde 2 Astds 1 P W, A4 9 Ao} A A static) ARAE AT 5 G U
Mol Zza3o] Ct At 2 P28 4ot A7} +

=2 ok

(53], ZE 27138 F) & extern "C"E A 3he] A A3

ol FY Y S FS 8+ IFYtt— __cplusplus 7137}
&

o] 713 € AU olv] °] 321%/\}%@14@.

Urth sto]H Az eyl S&5S
StUth extern "C" {...}E2 ¥
o= (ZE HA C++ AL =7t

=]
of
7

2112 &% 252 9|3 C API 2|23}
B 3 BEL WA shol ol A AT AZ e B4 B2 ATHAT, W FY REY BEs}rhE
34 BE] 8T AU ol B o), PP REL 24 Gt JAEAY AFAAIH P2
FAY 5 YUk BF sl 4 PAE Yol 34 BEo| YAES WEL 24T 5 9 S CAPI
e AR, o] Mze AeA Polk e FF REANA A4 22T+ 9 C B4 Aol dojok
Pk

Aol ori), A A9 3

| ol A2 A2 AAH EJuth; @A g+ AL (2 € statice AASHA
5120 AB 51, CAPLE 4B g ch A o A2 wE 39 mEo] P4 shold dHzelelgl 4ROz
%3-5101 Ak AUk 2 EES 4 Bhol B 2 ARG S, @ B Aod Ve uE
EolM HolA &g & AFUTh 7S] AR A2 29 A A i e Ut of | Al~'2
3Jr°l Ay ze e RE A Beo s A %%7&% ARk W (o€ 50 A=), HhE
ALE2 BE JIAH Y2E HE 7159 552 HA 24 873U (AIX 7} 3] o YT,
o} A= & /dE“ﬂ* °‘Ci6‘\4q(tﬁ el FHR). = 7IE7}78°4Z423301HE}+, TE3H =
g 7H BE o] ob A 2EH A obgle o syt
A o] A oll= 712 ZFAI A ol sl 7H sHA] ob= Zlo] 8 Ut ol A2 vk B EE o5
258 75 1%), RES 275 02 A9 Y REO BE 752 statico 2 HAsof FL
v Uk (Al 25 o] vA = E o] &3 2 7] 5] ekl “éﬂ%OI) a2)al ol o B BE A
OH/\ﬂ/\ OH o]:u]- -5].}; 7]3_?_ r,].E 1:1]—/\1 o7 L%SH ]:-5‘; 3]

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.

4 2ES CAPLE w3 ohe o A8 AHE s BlelE o8 A7 ek 2 997k A
A& A7, RECAPIEQAEHAGE M2 48 AL AN+ A5 1el3 2 S
AR AN E AT AL TES ABE BET 2ol AE BE 7ol o] B0 BaE 5

91Utk

Whichever method you choose, it’s important to name your Capsules properly. The function PyCapsule_New ()
takes a name 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.

23], CAPIE 3751 o 185 el the 7 2ol me} o] 82 A A8l of Fut):

[modulename .attributename

#9] g4 PyCapsule_Import () & AHE3H HES 53 Al g2 CAPIE A 2= & 5 JA W A&
SES ol T+ 2 3} °‘xlﬂtﬂ1ﬂ1ﬂ*wﬂ}. o] &2+ C API A& 2ol A| Zpalo] 2 = 8k Aol SubE C
API7} 235 o] itk 41 FUTh

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.
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The exporting module is a modification of the spam module from section 7+F%+3} ¢f|. The function spam.
system () does not call the C library function system () directly, but a function PySpam_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 st at 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;

int sts;

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

sts = PySpam_System (command) ;

return PyLong_FromLong (sts) ;

259 AF LR A, Th F 2 Tkl

[#include <Python.h>

e ¥ 22 o 78 oF guith:

#define SPAM_MODULE
#include "spammodule.h"

#define2 3|t gtdo] &

Seto] Q1= o] obd R BE] £3E S delt o AU th mhA
Bog, BE0 273} 4= CAPL X :

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;

(th= ol Al ol A<
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return m;

Note that PySpam_APT isdeclared st at ic; otherwise the pointer array would disappear when PyInit_spam ()
terminates!

ZF R EL F Y 9Y spammodule.hol 9o, ot} 25Ut}

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

#endif

/* Header file for spammodule */

/* C API functions */

#define PySpam_System NUM 0

#define PySpam_System RETURN int

#define PySpam_System PROTO (const char *command)

/* Total number of C API pointers */
#define PySpam API_pointers 1

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

static PySpam_System_RETURN PySpam_System PySpam_System_ PROTO;

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

static void **PySpam_ API;

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

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

static int

import_spam(void)

{

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

}

#endif

#ifdef ___cplusplus
I3
#endif

#endif /* !defined(Py_SPAMMODULE_H) */

J

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

PyMODINIT_FUNC
PyInit_client (void)

(Th& sl o] A ol A<%)
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PyObject *m;

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

—~
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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 3P B Sl w, A @ AAE Bl ok gtk

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

Fa: o] 7o) BASE AL B A (swtic) FHFBE e A A PP YUh fRE SEof
Qo) of G C APLE B9 pyType_Fromspec () B4 8 AHE30] § 2% 429¢ 49 2 4
AU Theh, o] A4 Aol A= TR S o,

#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, 0)

.tp_name = "custom.Custom",
.tp_doc = PyDoc_STR("Custom objects"),
.tp_basicsize = sizeof (CustomObject),

(th& s o] A ol A<%)
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(o] 3| o] A ol A Al)
.tp_itemsize = 0,
.tp_flags = Py_TPFLAGS_DEFAULT,
.tp_new = PyType_GenericNew,

bi

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;

J

o]zl g Woll wi ¢l of & 2l o] WA FE, o] A FF} n| e Hol 71 & i th o] 3td-2 Al 7HAE A7
Ytk

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

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

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

A AR A2

typedef struct {
PyObject_HEAD
} CustomObject;

This is what a Custom object will contain. PyObject_HEAD is mandatory at the start of each object struct and
defines a field called ob_base of type 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.

H3: Pyobject HEAD WAL Holt A ZEo] Ygtth 442 F7hshe Aol FostAI L 98
Avtdel s 238 29Utk

o
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A ukA o PyObject_HEAD #H-§ 2l 7 dlolHE AZFUTH & £, 5
s}o] A floats o] o] & 74 ]

ohg st 2t

24 Chapter 2. A|4H7l £ glo] &4 wHE7]



Extending and Embedding Python, 2 2]~ 3.11.8

typedef struct {
PyObject_HEAD
double ob_fval;
} PyFloatObject;

= ) AL 8 A9 Hel g,

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

bi

23 A 22 9= EEPyTypeObject EE UIG3R da1 D=2 A

12k o] C99 2Bt o] A ¥ (designated) & 7|3} AHE AHE- St 2l o] E5 Y
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[PyVarObj ect_HEAD_INIT (NULL, 0)

o] 2L 9 oA AF 3 ob_base BT E 27]3}3}17] 98 A4 AL dUch

[.tp_name = "custom.Custom",

72 FY ol F. o] AL A9 7| & HAE HHI AF o wA A o] YEbEUT ol & S01:

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

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

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

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

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

Z31: 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.

We set the class flags to Py_ TPFLAGS_DEFAULT.

22, B339 Belapr): A5 25
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[.tp_flags = Py_TPFLAGS_DEFAULT, J

BE 2 ol 458 Foh2o) TP oL FUTh FoIE shol 433714 AW R E AN E ST
F7h w7k 2R shd, o Ee4 1 OR ofof Fin.

tp_docd] o] E~EFL AL}

[.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) < 0)
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 Cust om class:

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

oAl AEGUTH ol A2 A Est= AYUth A9 =& custom.cEHE 3pgof War:

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

£ setup.pyehe g 42 o3 th S

[$ python setup.py build ]

Ao A gEstd A8 tjdE 2ol 31Y custom. soE A oF Ttk & v g 2] & o] F35}o] T}o)
WS A A Al & — import custom € 4 QT Custom AA| 2 = 4 AH5 YT}

A YA FFUTH 1A b

22, 84 Custom B2 28] 0157 Itk Hlolel 7l 63 OFR A% 84 Qe Lieh AH 2427
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ZF31:  While this documentation showcases the standard distutils module for building C extensions, it is
recommended in real-world use cases to use the newer and better-maintained setuptools library. Documentation
on how to do this is out of scope for this document and can be found in the Python Packaging User’s Guide.
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Let’s extend the basic example to add some data and methods. Let’s also make the type usable as a base class. We’
1l create a new module, custom?2 that adds these capabilities:

#define PY _SSIZE_T CLEAN
#include <Python.h>
#include "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;
}
self->last = PyUnicode_FromString("");
if (self->last == NULL) {
Py_DECREF (self) ;
return NULL;
}
self->number = 0;
I3
return (PyObject *) self;

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

(th= sl o] Al el A1)
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if (last) {
tmp = self->last;
Py_INCREF (last);
self->last = last;
Py_XDECREF (tmp) ;

}

return O;

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

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

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 = "custom2.Custom",
.tp_doc = PyDoc_STR("Custom objects"),
.tp_basicsize = sizeof (CustomObject),
.tp_itemsize = 0,
.tp_flags = Py_TPFLAGS_DEFAULT | Py_TPFLAGS_BASETYPE,
.tp_new = Custom_new,
.tp_init = (initproc) Custom_init,
.tp_dealloc = (destructor) Custom_dealloc,
.tp_members Custom_members,
.tp_methods = Custom_methods,

bi

static PyModuleDef custommodule = {
PyModuleDef_ HEAD_INIT,

.m_name = "custom2",
.m_doc = "Example module that creates an extension type.",
.m_size = -1,

bi

(o1 sl o] Al el A A%
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PyMODINIT_FUNC
PyInit_custom?2 (void)
{

PyObject *m;

return NULL;

Py_INCREF (&CustomType) ;
if

Py_DECREF (m) ;
return NULL;

return m;

(PyModule_AddObject (m,
Py_DECREF (&CustomType) ;

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

m = PyModule_Create (&custommodule) ;

if (m == NULL)

"Custom",

(PyObject *)

(o1 sl o] Al el A A%

< 0)

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

AR AL e} 2] AAE YT

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

} CustomObject;

/* first name */
/* last name */

olAl & & tlolE 7t 917 wiFell, A &t
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static void

{
Py_XDECREF (self->first)
Py_XDECREF (self->last);
Py_TYPE (self) >tp_free(

Custom_dealloc (CustomObject *self)

’

(PyObject *)

self);

o]& tp_dealloc WH o] thYFYrh:

[.tp_dealloc (destructor)

Custom_dealloc,

)

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

Z+31: CustomObject * QAE FH3J}EE Custom_deallocs HYFPA 9 tp_dealloc

- =
g x4
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static PyObject *
Custom_new (PyTypeObject *type, PyObject *args, PyObject *kwds)
{

CustomObject *self;

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

self->first = PyUnicode_FromString("");

if (self->first == NULL) {

Py_DECREF (self) ;
return NULL;
}
self->last = PyUnicode_FromString("");
if (self->last == NULL) {
Py_DECREF (self);
return NULL;
s
self->number = 0;
I3
return (PyObject *) self;

a2]3 I7e tp_new WH o Xt

[.tp_new = Custom_new, }

The tp_new handler is responsible for creating (as opposed to initializing) objects of the type. It is exposed in
Python as the __new__ () method. It is not required to define a tp_new member, and indeed many extension

types will simply reuse PyType_GenericNew () as done in the first version of the Custom type above. In this
case, we use the tp_new handler to initialize the first and 1ast attributes to non-NULL default values.

to_newt AAHA AL B FelastArdA ) S, BEA custontyped DL Y
Uth o] 529 0] 429 BE A7 ALs o), $5o 2 JAUAE NFF Ao A F Ut
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(C9) tp_inituhshol @S _init_) WA=l dAF Lk,

Fa: AE =2 E 7 AF & AolehA, tp_news WAIH L E tp_initE &S P Ytk

tp_new 12 tp_alloc €F = T &30 R E YT}

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

H &2 Dol A 5 gloj A, A sE7] Aol tp_alloc A37FNULLO] obd ] Z<l sl of gt
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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 type—>tp_base->tp_new. If you do not
do this, Python subclasses of your type that also inherit from other Python-defined classes may not work correctly.
(Specifically, you may not be able to create instances of such subclasses without getting a TypeError.)
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static int
Custom_init (CustomObject *self, PyObject *args, PyObject *kwds)
{
static char *kwlist[] = {"first", "last", "number", NULL};
PyObject *first = NULL, *last = NULL, *tmp;

if (!PyArg_ParseTupleAndKeywords (args, kwds, "[00i", kwlist,
&first, &last,

&self->number))
return -1;

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

}

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

}

return 0;

oL Z tp_init €X& AFYth

[.tp_init = (initproc) Custom_init, }

The tp_init slot is exposed in Python as the __init__ () method. It is used to initialize an object after it’s

created. Initializers always accept positional and keyword arguments, and they should return either O on success or
-1 on error.

Unlike the t p_new handler, there is no guarantee that t p_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
callthe __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;

SRRk o] A2 AP F YT 98] L first WH O F& AR ghobA, BE T/ AA7H2 - A
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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

183 tp_members £l A E dH5 U

[.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.

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

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

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

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

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

A A= E B M h HA S Bl S wEoloF itk

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

bi
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(note that we used the METH_NOARGS flag to indicate that the method is expecting no arguments other than self)
12|34l tp_methods €% B Y FUth:

[.tp_methods = Custom_methods, ]

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

[.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.

nxZo g A ZEES UESH7] Y3l setup.py FHL2 A4S}

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

1)

2.2.3 to]¥ o] E ] HEE t] A|U3A A o]5}7]

In this section, we’ll provide finer control over how the first and last attributes are set in the Cust om 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;
s
self->last = PyUnicode_FromString("");

(h& sl o] A ol Al<%)
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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;
Py_DECREF (tmp) ;

}

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

}

return O;

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)
{
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;

(Th& sl o] A ol Al<%)
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tmp = self->first;
Py_INCREF (value) ;
self->first = value;
Py_DECREF (tmp) ;
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, void *closure)
{
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 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, 0)
.tp_name = "custom3.Custom",
.tp_doc = PyDoc_STR("Custom objects"),
.tp_basicsize = sizeof (CustomObject),
.tp_itemsize = 0,

(Th& sl o] A ol Al<%)
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.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.",
.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)
Py_DECREF (&CustomType) ;
Py_DECREF (m) ;
return NULL;

return m;

(o1 sl o] Al el A A%
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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, woid *closure)

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

static int

Custom_setfirst (CustomObject *self, PyObject *value, wvoid *closure)

{
PyObject *tmp;
if (value == NULL) {

PyErr_SetString (PyExc_TypeError, "Cannot delete the first attribute");

return -1;

}

if (!PyUnicode_Check (value)) {
PyErr_SetString (PyExc_TypeError,

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

return -1;

}
tmp = self->first;

(th& sl o] A ol A<%)
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Py_INCREF (value) ;
self->first = value;
Py_DECREF (tmp) ;
return O;

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

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

PyGetSetDef FZ A9 gL 75 r}:

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

183l tp_getset X0l T3 h:

[.tp_getset = Custom_getsetters, }
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static PyMemberDef Custom_members|[] = {
{"number", T_INT, offsetof (CustomObject, number), O,
"custom number"},
{NULL} /* Sentinel */
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static int
Custom_init (CustomObject *self, PyObject *args, PyObject *kwds)
{
static char *kwlist[] = {"first", "last", "number", NULL};
PyObject *first NULL, *last = NULL, *tmp;

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

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

(th& sl o] A ol Al<%)
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}
if (last) {

tmp = self->last;

Py_INCREF (last) ;

self->last = last;

Py_DECREF (tmp) ;
}

return 0O;

—~
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>>> 1 = []
>>> 1.append (1)
>>> del 1
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In the second version of the Custom example, we allowed any kind of object to be stored in the first or last

attributes®. Besides, in the second and third versions, we allowed subclassing Custom, and subclasses may add
arbitrary attributes. For any of those two reasons, 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)
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Py_VISIT (self->first);
Py_VISIT (self->last);
return O;

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

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;
s
self->number = 0;

I3
return (PyObject *) self;

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

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

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

}

if (last) {

(Th& sl o] A ol Al<%)
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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, wvoid *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;
I3
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;
}
if (!PyUnicode_Check (value)) {
PyErr_SetString (PyExc_TypeError,
"The last attribute value must be a string");
return -1;
}
Py_INCREF (value) ;
Py_CLEAR(self->last);
self->last = value;

(Th& sl o] A ol Al<%)
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return O;
I3
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)
{
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) {

(Th& sl o] A ol Al<%)
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Py_DECREF (&CustomType) ;
Py_DECREF (m) ;
return NULL;

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

}

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.

TFo] W2 visit T TES AF 38 Py _VISIT() WA RS AFFUch Py _VISIT() & AFR3HH,
Custom_traverseo A #&F IS H 43 4+ Jd5Yh:

J

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

Py_VISIT (self->first);

Py_VISIT (self->last);

return 0;

F31: Py _VISIT() & AHE3HE W tp_traverse & A A2} o] 55 visir T} arg 2 73 E-51A A A 3l oF
.
H
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static int
Custom_clear (CustomObject *self)
{
Py_CLEAR(self->first);
Py_CLEAR(self->1last);
return 0;

Py_CLEAR () W2 Z AMgol] REIAHA L. F2 345 Zo]UA o Fo toE o] ERHES A+
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PyObject *tmp;

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

TYHE, AR REE A B py_crean) § AU A AR A% T AT
3 43 A AL H A 8 A LA BN 2
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static void
Custom_dealloc (CustomObject *self)
{
PyObject_GC_UnTrack (self);
Custom_clear (self);
Py_TYPE (self)->tp_free ((PyObject *) self);

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

[.tp_flags = Py_TPFLAGS_DEFAULT | Py_TPFLAGS_BASETYPE | Py_TPFLAGS_HAVE_GC, }

At AFUTh AR A9 tp_allocolUtp free A7 & AP oH, 3 710X A E A3
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In this example we will create a SubList type that inherits from the built-in 1ist type. The new type will be

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

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

self->statet++;
return PyLong_FromLong (self->state);

}

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

bi

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

static PyTypeObject SubListType = {
PyVarObject_ HEAD_INIT (NULL, O)
.tp_name = "sublist.SubList",
.tp_doc = PyDoc_STR("SubList objects"),
.tp_basicsize = sizeof (SubListObject),

.tp_itemsize = 0,
.tp_flags = Py_TPFLAGS_DEFAULT | Py_TPFLAGS_BASETYPE,
.tp_init = (initproc) SubList_init,

.tp_methods = SubList_methods,
bi

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

typedef struct {
PyListObject list;
int state;

} SubListObject;

TP AA ] F 8 Aol AL wo|ag ] A F2AN7F A WA gholof of gttt AUt Wl o] ~F
o] T2 &} A%} F &l PyObject _HEAD () & Ef?} Tk

When a Python objectisa SubLi st instance, its PyObject * pointer can be safely castto 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 0;

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

o] & AHE AL B ] tp_newsttp_dealloc W E 2 F& AT o 23U tp_new A7)
£ AAZE tp_alloce AHESte] A9 HR e & WEA B, W o] A7 AA tp_newE TEF
o] 22| 3t = Sl oF Pt

PyTypeObject T+X2A & 9| T4 wloj~ %EHC% _ A ZYE
Aode FAR A8, pyList_Typeo] et Fx 2 sid Z=5 A3 XHE 4 Re HD} Uso BE

27)8} gol 4 s of gtk
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 () & Z=317] Holl, & F+XA ol tp_base % o] A fofoF Tt 7]1_ de 9
A u], PyType_GenericNew () 2 tp_alloc €52 AL A= ¢gFUt-Hojag e &5 47}

&g YT

After that, calling PyType_Ready () and adding the type object to the module is the same as with the basic
Custom examples.
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Here is the definition of Py TypeObject, 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;

/* 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 */
(Th5 #H o] A ol A<
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struct PyMethodDef *tp_methods;
struct PyMemberDef *tp_members;
struct PyGetSetDef *tp_getset;

// Strong reference on a heap 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;
inquiry tp_is_gc;
PyObject *tp_bases;
PyObject *tp_mro;
PyObject *tp_cache;
PyObject *tp_subclasses;
PyObject *tp_weaklist;
destructor tp_del;

/* Low-level free

/* Type attribute cache version tag.

unsigned int tp_version_tag;

destructor tp_finalize;
vectorcallfunc tp_vectorcall;

} PyTypeObiject;

bl

gl

(el

borrowed reference on a static type

-memory routine */
/* For PyObject_IS_GC */

/* method resolution order */

Added in version 2.6 */

7 o] A ol A Al <5)
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[const char *tp_name; /* For printing */

Fo| o] F -~ led oA AF Aol o] AL of 2] oA vetvtedl, A9 Id FA Uty 2%
BN g0l FEHE A Ad 5y A 2

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

o] 2= o] o A} AA 7L HEI A w) I W R FS AR o] FHFUTh JJro] WL 71 2 o]
Z A8 ZAYE, FE) ol e A Q& WstaL =), olwl tp_itemsize BEZ} Fro T

o] AL UFol thE A Yth

[const char *tp_doc;

o] 7)ol Bo] W AT HE Fobj.__doc__& FEot] SAEYS A off NSk A (B FAE Y
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2.3.1 glolde|Ao] A=} et 3] A

[destructor tp_dealloc; }

ol T PO A" A FX JAFVM00 2 ZojEaL o] AHz 7 1A S &Lt T
o SEPYch o HE 6301] A MR 7 AAY B 7 e Fe ZAYGe] Ao, A7 de
AsUTH AR AA = oA 7| A s Al oF FUTh. o] &9 o= o2 Z5UTh:

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:

static void
newdatatype_dealloc (newdatatypeobject *obj)
{

PyObject_GC_UnTrack (obj) ;

Py_CLEAR (obj->other_obj);

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

A Bl Sad 87 NG T s AR T ol S an @A Folof drkes A
ez B 7} gfo]d ~E g H 12 o) & ) 11717}%@%5471@3—011 LU 28] (B4
A ko] obd) o 9] = QA& = ghd wl, D S A| 7] 7} o 9] 7} o] v] A o] Q5= & NEF =
A2 ofR AL S A gt B A A7) 7L A e 2] shol i Bl AW £ A= ol
F7h2AE 7t AAH NG E FAL ATyt o= A2 H E2EES T 5 95U
o] & WA S SHhE W2 HASHA| 42 2AE FAE] Ao AR FA A9 S sty AW
HY5h= AU PyErr_Fetch () 9} PyErr_Restore () &8 AMgste] =382 4 9l oh:

static void

my_dealloc (PyObject *obj)

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

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

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

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

PyErr_WriteUnraisable (self->my_callback);
else

Py_DECREF (cbresult) ;

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

Py_DECREF (self->my_callback);

I3
Py_TYPE (obj) —>tp_free ((PyObject*)self);
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F: SF A oA AT A FH T 5 = F ol & Al st »1%14‘:]' HA, & o] 7M1 A +=AE
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reprfunc tp_repr;
reprfunc tp_str;
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tp_repr 87+ TEH d2WHA
o dyet:
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 A8 7]+ str () o it o]z, 9o A éi“é‘@tp_repr 8] 712} repr () 7Y 4*74]9} ze

Tﬂrﬂ]‘i}q‘?‘r,—nﬁr 11 Z=7F AA 9] Q /\E*""ﬂ/‘i str() & T o EE%‘JW TA2 tp_repr
8229 u) & 9 A}3A| T 7:1J/1r_,_;q_oﬂ Aol ALg317] Y3t AJUrth tp_strg A 7‘4'5]'?(] o,

tp_repr A2 7|7} thAl AL&-F U Th
oh2-2 7haat o Utk

static PyObject *
newdatatype_str (newdatatypeobject * obj)
{

return PyUnicode_FromFormat ("Stringified _newdatatype{{size:%d}}",
obj—>obj_UnderlyingDatatypePtr->size);
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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;

/% ooo ¥f

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
implementations which can be used to provide the PyOb ject * 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.

HE oEY i
GRS S AU SR ED ASTUD, TR, JEIFES DUIA BEE AL
2AIUIR BE ok B T A 2 4T Gk

1. PyType_Ready () 7t &€ ] o] EZHE] o] & &otof Fth

2. JEFREE AU AAYSS 7ISsted SES A7t 2 8siA] o S 7Hte g XA &
3HA] grotx Huth
o]l EE2 EZHE F, #S A= AR B FE HolH 7 AFE = W AlsE TR kSl
T Al 2.
PyType_Ready () 7} &2 i, 3§ A7} Fx3tE= 3709 H o] £S5 AME-3te] & A9 A2l
WX = = t AT HEE %‘4“/} ZHUaageHE dadas AA 2 G oAEFE gt ANAE
Zﬂohfj'l/]ﬁ} Zr g o] B2 A A JuUTH Al 7} EF7FNULLe| W, o] AAEAE wlo]AF oA A&
oJEZHEWH 7]'7']]5]“’1 P_ getattrog}tp setattro @EX NULLE g AFolokwo]Ad o] ol E
NES
A H
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Hlo] & ﬂﬂﬂAﬂ cz AdPUT:
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Sy

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

tp_methods 7} NULL®] o}U ¥, PyMethodDef 72 A2 vl d-& =& oF gttt Hol B9 7+ 2L
O F2A9 A"y

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.
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HA E o] B2 A" 2ol A wlolH el A g JEFES B8t H AHSF U
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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 t ype 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.

The £ 45 structmenber. hol 3915 o] g%tk W= ORE AHg3to] 2T & AUtk

45 B
READONLY €T lsdh
PY_AUDIT_READ Emitanobject.__getattr__ audit events before reading.

WA 3.100] A4 ¥ 74 : 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 tp_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 usingits __doc___
attribute.

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

P olEZRHE B

For simplicity, only the char* version will be demonstrated here; the type of the name parameter is the only differ-
ence 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€ o 2EUth

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;
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The tp_setattr handleris called whenthe ___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 t p_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;

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 ()
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_LTor Py_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_NotImplemented to indicate that
comparison is not implemented and the other object’s comparison method should be tried, or NULL if an exception

was set.

3 EAE Y 277 Zow Arka (s dloH gt A E pHe e 24tk

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->o0obj_UnderlyingDatatypePtr->size;

switch (op) {
case : ¢ = sizel < size2; break;
case c = sizel <= size2; break;
case : ¢ = sizel == size2; break;
case c = sizel != size2; break;
case c = sizel > size2; break;
case c = sizel >= size2; break;
}

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

return result;
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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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T3 tp_call 782 b3 25 Uth:

static PyObject *
newdatatype_call (newdatatypeobject *self, PyObject *args, PyObject *kwds)
{
(Th5 # o] A ol A<
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(o] 3| o] A ol A Al)
PyObject *result;
const char *argl;
const char *arg2;
const char *arg3;

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

I3

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

return result;

/* Iterators */
getiterfunc tp_iter;
iternextfunc tp_iternext;

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.

55 o)E g2 AL o) e o] E AAE MBS o} S tp_iter /1S TAN FUTh L
sol Wl el ol = A4 = 2 A YT

« o 7o S olHACIHE AL T = Y= BHAL (MY Bl 2ES F2)2 FF tp_iterE 2 E
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of th3t 22 FxE WEsto] tp_iterS FHT F AFYUTH-WEbA tp_iternext A2 7|=
T3el o gyt
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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).

Yo
ol
>

2. Azl ed B0 AN 2sty 3= WHE E 5 YEF, tp_weaklistoffset §
W E C AR F2AANA oA AFs o] e zAlo T HAJIAA L.
TFAFeR, 52 L5 BER AL AR 24| & &3 P duth:
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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),

T3 27 AFeL A =JENULLO] oFY ™ tp_dealloc©] (PyObject_ClearWeakRefs () & T &3}
o) BE st A2 E A& o7 Jvh= AYYrh:

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 F7}1 A<

A HeolE 8o EF HAEE L= H S ¢ d, CPythan LN FE
EIE—i‘EiElEOl%?&D‘rE, a2 3o A tp_of %%}% 7152 e Al E
& AAIA 2. TE L TS

AAZLTE TU B 4 22U A FA3) kﬁ}H,PyObject TypeCheck () T+E AHESH Al

2. Abg o= e 25T

£ I3 Al L. Objects
E9], tp_richcompare)

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

o X17):

CPython 22 G| AE thEE 314 A €.
https://www.python.org/downloads/source/

GitHub ¢] CPython Z & A € CPython &4 F &7} 7 E] = 3L,
https://github.com/python/cpython

CPython?] C &2 2713} & R = &7 el B JUt (& 9], Bl52E .s0, =T &

QEE B4 godn, 2§ 2ol a2 7 pyrrHONPATHO] lojoF 31, B o] 22 wel A A8 S
£ 2 o)A o & A o] oF T Th. distutils  A1-8-31W, 212 5 o] Bo] AE o2 A4 UL,
2713 F4r e 2 AU e 24U
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PyObject *PyInit_modulename (void)

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

ASCIIE g} o] Foj R o] & 7H B89 A%, 59 o] 5= PyInit_<modulename>©|o]of T}, o

714 <modulename>2 &9 O] 207 51-?:]‘14 D}. multi-phase-initialization & A}-8& & wl] ASCII7} ofd
B E o]Eo] F_FYL) o] 39, 7|3 &4 o]E L PyInitU_<modulename>©] W <modulename>
2 -"Jr 1%212] punycode A3 . 2 QI Y= 1l 5o ]%% W= A g ot sho] Aol A

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

Q= stelw 42 Ja A8 39 JEHE A oF Gtk A0 2 3 o]

o8} 27)8} G55 93t Y F§ eholHejelol A ol BES YR Y 5 Ytk 1, o 5L
A) EH =
e s 7 w2 Uk A & )82 PEP 4899] “3 ehol Ml el o} 8] RE” B FE A L.

2.4.1 distutils 2 C2} C++ 3 Wt 3}7)
g 252 vto| Ao 234 distutils & AHE-3Fo] =3 4= 95U T distutils 7} o] Y 2] 3 7] X o] A
2918} 7] W) 2o, A A= SRS A X157 98] 2 Aot &) 9} distutils 7F 2 2 5FA) = ok )

distutils 7} 7] ] o= =2ko] W) 22 E Q) setup.py7t ol AsrrITh ol AL FH e sol A s,
B8 2hehe A 5o o] ATk

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.py9} 3} demo.cE S-S A3 3w

[python setup.py build

demo.cE AT LS, build HHE 2o demogh= & RES A4 FUh A2 e}, &

AL pbuild/lib.system 3} A E gl o] Eo]7}1, demo.soY} demo.pydst T2 o] &L 714

9% uth

setup.py°lA, 2E A3 £ 323 3P YL o] A2 g 7)Y = QAAE HolE

Auich 919] ol AL YR AE I FARLE, o o 5745 NESH] A ver A0 2
1R

8

il

— = gl =
A1t 7)Ao W8S AFFULE gutd o=, si 7] A= gpo| A &2 BE, FA, A B 372 534
e 271 REo] EH YT distutils Y 7] 5o th 3 XA 3 U &2 distutils-index 9] distutils A2 WA S
FRIAAPAAL; o] Dol FF EES PES= AW A EYL

3}
TefolH AT HEE o & Fx3}6H7] 93l Setup °ﬂ "413} O]X}E Ulﬂ 71] AbstE Aol dnkAd ot
A9 Ao A, setup () ol thFex Zt 2 5L Extension? ¢l
2EAYUTE o] ool A, A E 3t demozte F4-E
499 o,
S 49, BRE WERE AL ¥ BATU Gk, 2R A2 7] 29 kol el 7t
2T 4 A7) W E G Ut ol & ofefoll A oA Al T

rm 2
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v
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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'],
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.
Tr
ext_modules = [modulel])

o] ool A, setup () + "7}U1]E}ZJEE§%HD%,HHE W7 A& 3}
Aol el e, AAE 7] F9], JdEF= gadgg, glolBelg yae e ¢ eo)
Aurd o E}B‘r distutils = ©] 7‘4EE ksl Wyl o g7 Zubd e At o
o3} 7re Aol ME o2 oo} A 2 g2t}

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-i686-2.2/demo.o -L/usr/local/lib -1tcl83 -o build/lib.
—1linux-1686-2.2/demo.so

o] & oA HA Y WY LIT; distutils A& A= distutils 7} £9H2 A B2} Wolof FuT),

[python setup.py install }

BE B A £ 714 S A oF Fuith T, o FA AP FU T

[python setup.py sdist }

wjol whel, F71 Y-S A uj ol ZEHE] oF ) o] 22 MANIFEST. in 39S 53 $3g Uth;

ZFA| 8F W] 8- manifest S z;}}_ AN Q.

axw274F 4 =X, &b Alel 2 M2 = whE 5 syt ZEEol whe o] & A6

python setup.py bdist_rpm
python setup.py bdist_dumb
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25 A5 LA C C++ A W3]y

—

o

o] 7ol A= Microsoft Visual C++E& AF-&3lo] & ] £ 950 A nES vl S 7ieks] A
stal, o] A 250 ZF Ao et Hop ApA g i d AEE AUk A% A5 ol 3=
UESE WE ML AT 2RId e # UG A DEAN 4FH0R U B Uk o2

Edlo} Aol &l A= 2 22w BFoA F3Fth

=

BE A2 3 RES =5t o] AMoA A shs A thAl distutils 2 A4S AR SHE A o]
FUth stelAS WES=t AHEE C AL Y7t A3 B8 EE Mlcrosoft Visual C++ ¢ U o}

—

Fa: o] ZFellA e AR A sholH A NS S 235t o8] Y o] F & dFFUTh o] 5t o
XYZ el A A2 2AY A Y
sho] vl 3z o] K (minor) A WS YU T o & S0, Tho] M 2.2.1-5 AHE-3HH, XY
ch.

251 g3 HH

FTH2NAAE, A=A S B5S e+ F 7HA 2ol ds54th: dlStutllS |71 A&
AbESte 1= —LE/‘ﬂ/\ = ?74 4\—%2E 2 U o} distutils 22 72 oA & 2HE
gUth; distutils & ARS8t 2 ZEES W6l s 7] A sk W ol i gk A %2 distutils- 1ndex°ﬂ
Asyrh '?Eoiﬂﬁﬂ—?‘#"ﬂ D]— , winsound 3 gfolHejg] RES 22 E-’]'O]O Aot
Aol =gold HYth

252 FH2e AE -9 Aol A

FH2G A9 FEY AYPAIZF 2o A8 the AL S AE UL FHer 22 & 5
U= BES LESHH I A E617] Ao, Al 2"’ 25 A S Gl glofoF Fth

fFra2olM, FfF LEAE (Lso) P 22 AN AL T T T2 T A Zhg 207 o dE &
Tt tolElY o] F5 XFFUTH stdol IO AT, ko] F=of gl Tt HlolH Y
2E Fz7t g dolEr R o FolA H= zz a2 AA S =S HEE U
oA 7 EA R I JYGYUth

A=A, T4 A4 etolBHelg] (.dll) EJr%JOH% ) & & (dangling) 27} gls5 U th thAl, g o o]
] o] th 3l WA 2= F 2 H o] £ (lookup table) S %3 O]—,—012,;14r,} e DLL 75t 22 730 W=
22 FRIEE AF A7 $x4% 287t “*qv} 4], ZE+= o] DLLO| = H o] &S ARE-dtaL
AL, A A7k Fx H o] B o] 3 Q}HIOlEi 7] 71 =5 s Ag YT

frazels, 712 F3 9 gtelBef g 9td (o) T e, o8] LHAE 51U (L0)9] FETF 2TH Y]
th T LBAE 5 d(.so)= W=7 ST %ﬂ THA ol A, %ﬂ% XM A AANE ST e
LA > JsUth AL gtojHe o] L BAE sdoA 2RSS Ytk B Y, 1 e nAE
sl BE IS 2FYT

A==, 7 7HA &9 gtelBg g, A4 gtolHeg|et X E golB 7} FUTH(E o . 1ib
gt Futh. A4 gtolBe gl 2 afdA Z5Uth 288 W x¥E F=71 50 dsUnt
AZE glojHejg|= 7| RA o7 EA AMAr} Ao DLLY] 29 uf =2 1o EA)3A Hct
A FAE FAAN 7] A A A U mEbA A= 2 E golHe el JHE A}%‘M DLL
off 2= 2] k2 A-AE Aot F2 HolES AT §& 222 DLLo] P33 uj,
YXE ghol B g7t 5o 4 A5 Uth o] AL §& Z2 I W o[ DLLY &S5 AHE- S+, ©] £ 9
= DLLoY| AF&-3f oF gt}

e I=E 85 AE o%‘HOF‘d}L T 7He A4 25 REBYCE A=t 7HE U h fY 2
A=, B.so® C.so°l thaf & ﬂiA ag Zd%}?fvl SsUth A&std B C7F 242 A4l o] BAME =
ZEA H o] W 2 35HA | HDP A=A, a.d11E W s StAA.1libE WEFH YT o2 E-& B
2} Cofl o3 %]ﬂEA.lib%{ Utk A libe FES 23] gsUth A3 Aol A9 Z =0
HA| 2~ o] A R 2Tt
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A% Lo A, EE ehol M 2§ AF3HE AL import spam@ AHEFHE AT ST o) e 2~
B o] B AN AT 4 YES A v, ] BAES BEA & ek f9 2004, eholnef el o
F=8hE AL from spam import *% ol MIZHUTH WEY BARS BEULH

2.5.3 DLL& A A| 2 A}8-3}7]

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

Z=--o A DLL= %= W, pythonXY.libS 7l 23l of EM t}. 5 712} DLL, spam %} (spam °f|
9t C P4 A S WEFIY, b FHL AL :

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

AAA HH2 M Y LS WHE U5 YT} spam.obi, spam.dll ¥ spam.lib. Spam.dl12 1}o]
W &4 (718 PyArg_ ParseTup e ())& E5HA] AT pythonXY. lib Biol gto]d I =& 3=
P 2T YTk

F A P2 ni.d11(2E A .obj . 1ib) S TEJHFUTE spam ¥} Fho] W A F v do A H 23
F4E e PEe 2u dsUn

BEEAEAE FX HOERZ WEWAE 25Ut OE E5@lold 23 o] AEaE & + A 5t
2, void _declspec (dllexport) initspam(void) Y PyObject _declspec (dllexport)

*NiGetSpamData (void) ] 8 _declspec (dllexport) 2tal A A& of ]t}

Developer Studio will throw in a lot of import libraries that you do not really need, adding about 100K to your
executable. 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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o 2 5§ == 13| CPython et h35}7]

W2, sto A B mel B S vol & ZE PO R AL T kol A AW & L HEL A,
CPython AEFSI S B 2 98 Zx Islo] )43t 2ol WAtk of BNt o2 AFAoR
St o BAE B /b4 A5 ARGl Bl 49 g o

ol ol A= FFol M st N, 5 C &9 ghol B g & sto] ol AZASo] sto] e 7=
st ol Fef A ASUTE e MR E 7 U th gtol 8o WA A C/C+ 58 2208
FRA BE 5 AU YRS CUCr7told fojHow S8 mraRe) I8 /]5S PAE
592 3§ z2ade] AFFULL o] AL g BAO = AEH 5 JHUTH & 4 o gL
oo ~AYES A4ote] S8 22 I1WL DR WA 2L 4 AA = AAUTh AR 752
stel oz 24577k e Arkd A AT 2= AU

sho] M2 B 22 shol AL B5He A FATU ThE, obF 24 & U Th Aol A2, hol A2
G40 8 2290 F 221 o A3 shol W Qe el e Utk vk ol Sho] g YT F
Z2 9L sho] A3t ol TElo] YUtk Al S8 m2 e ARA 71E sho]H TS At
93) st A AE Z P HE T

A stol & WSO, of B2 Ak 9] W Ql 2 T3 2 A|FskA H T o] W Ql =g T3 o]sf of
g d F st gol W Bz BB E 2 7] 6k Ad YT H 43, Py_Initialize () 585 TEdoF
ek stoldel B3 2 AAE Dot A9 A TFo] Utk 18 thg UFe] $§ 221
ol HRo| A AHZYHE 55T 5 UFUTh

AHZHE T2 PPl oy AN AEUT: TolH BAS TP TALL
PyRun_SimpleString () o] @3} A, stdio 3t 32 Qe 2} 3} ™ (ofl 2] Bl A A o] A o] A - kS 9 )
= PyRun_SimpleFile () ol A&& 4 Ql5UTh 3L o] Aol A3 A-E2 dits T= 5}
shol AA & BHER AE T 5 AUk

o ¥7):

c-api-index

[y

spo] o] C B o o] o) o3 AFA T g2 o] v Lol lF Utk o3 AETLEe] Ytk
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B o] 28 AH§3He A AUtk o] QIE s o] At
AYES 4R 9 AYUTh AL ol B

#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;

J

Py_SetProgramName () &4+ Tto] A HELY 2o o]
Py_Initialize () HET}HA A AE Z g ElE=Py_Initialize ()
2 271385 31, G Al S s+ IaPgest AgFgUch 138 L,
Py_FinalizeEx () Z&°| JAE|Z2HE T8 L 221 EFUth AA Z2IY X = 3}o]
HATAYHEE TE AX(ouE HAE A = golgrjol) oA HAE = d5 YT

ge]ol i A= E Az oA &2l 7] A8l
o= RlE

oA stolH FTEE A= A2 PyRun_SimpleFile () TFE AFR31H o] 2& 4= =, v 2
TSPl Y WSS ZEF = HAZE S oSy
312 W9 m5E WS Hold: AL

0,

tolE 32 wEete 2ol M WAFSULE 184 At A-Eo 358 AHgafor Futh o g2
CREg A4 oF st thal, A9 RE AL 24T 5 dFUh

ol g FAste 2 ol S WSt A2 e Ygros B 3 22 EFoleke Hol
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o] F A& shol Ao A C= ool 58 MEsHE T 1 w2 o]
49 5HA) QU Th 9, $0) SukE Ao 8 TR s AL o
0L Az HE SYSHE A% rhEA FOBE, oA Fo A DLW PR E F2T 5 AFUTh

o

A WA 22 2R shol 23 YPE Qb A4S AP AL BRE FUch WS 15F9] A
o 2so Tat Qoj A g de], shol M QA L B o Ee Ao A} A QAT A8 8A aUThEAS
ohe "ol A ukd A Th.

shold ~agEe A Ao H F4E AWshe ZEL LT 2L

#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) A
pValue = Pylong_FromLong (atoi (argv[i + 31));
if (!pvalue) {
Py_DECREF (pArgs) ;
Py_DECREF (pModule) ;
fprintf (stderr, "Cannot convert argument\n")
return 1;
}
/* pValue reference stolen here: */
PyTuple_SetItem(pArgs, i, pValue);
}
pValue = PyObject_CallObject (pFunc, pArgs);
Py_DECREF (pArgs) ;
if (pValue != NULL) {
printf ("Result of call: %1d\n", PyLong_AsLong (pValue));
Py_DECREF (pValue) ;
}
else {
Py_DECREF (pFunc) ;
Py_DECREF (pModule) ;
PyErr_Print ();

(th& sl o] A ol Al<)
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(o] A o] A | A AL)
fprintf (stderr,"Call failed\n")
return 1;

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

return 0;

o] A=+ argv| ARgSto] ato] A Y ES 25, argv 21014 ¥R 9 - T4 Th
g A= argv BH 29 F2 gsdUth o] Zz2aHS ﬂ%o}i %126}‘35_ (&8 A Y S
call°1 2}l FF AT, D}%JJr 2o slol W AT P EE A3t o AL

def multiply(a,b):

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

Jelw A3 The} Zotek gtk

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

ZEago] 715 R AR 2 Hol A e RE =& She] 3} C Abol¢] Ho ] WH} ofe] R g
e AU ol WA BAE TR R RS b AY AZFgUnt

Py_TInitialize();

pName = PyUnicode_DecodeFSDefault (argv([1]);

/* Error checking of pName left out */

pModule = PyImport_TImport (pName) ;

AEZ B & 27138 F, AAFHEE PyTImport_Tmport () & AH§at] =R YT o] REL ARz
SHoltl £A8E 875, pylnicode, Fromsiring ) HlolEl A 7 0.8 A48 74T

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

if (pFunc && PyCallable_Check (pFunc)) {

}
Py_XDECREF (pFunc) ;

23 YES 2EH W, $el7k B3 g o]0 PyObject GetAttrString ()& AH§3kel 7%
Ytk o] ge] EAsta, MaE A FeolW, Tle] getn AsA AT 5 dF U 18
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Extending and Embedding Python,

4]~ 3.11.8

e ZE IR A RES YW P OE T stol AYFLTh 1R ThS Shol A G5 EEL

o] @A o %ol }:

[pValue = PyObject_CallObject (pFunc, pArgs);
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static int numargs=0;

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

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

EE main() T vlE Yol AYSFHAI L. =S Py_Initialize () ol )3l
X

"
i

2
2
o

o
n

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

These two lines initialize the numargs variable, and make the emb .numargs () function accessible to the em-

bedded Python interpreter. With these extensions, the Python script can do things like

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

AA & ZZAAANA, o] P2 F& ZEZ A APIE TholH el =& th

31. ThE S8 =200 sol A e}

]
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3.1.5 C++ 2 3lo]# Y73} 7]

Sho] g Cor 2T AT A /ST o] A o] o RA FAH A5 A H Cre A 2T
A Aol gl 5 UTh AMAOR CrrE M 22 19 RS, Crr AL e & AF8 5]
22298 7oA P25 of T Th Crr ASoto] shol 1l A7 thAl AorAT Aot geth

316 §U2 AD A 2dol A AstA 7} @ 25)7]
oM Az HE & =2 W] Sl Aatde (Aol AEd 2 E = Aol &
ARekA & UL 54, 58] ol Aol AANA B2 C5A H(.s0 512 0= FAH gholH
A2 REZ 2T ok a7 i E Yyt

o3t Agdeie g7 e 2E o d, dx 2A] dEE YA H pythonX. Y-config AT HE
S AT 5 AL UTHpythond-config ATYUET AE 45T 4 UL UTh. o] 2ol & ol
Aol o, thg 22 A2 ool A & Ad Yt

e pythonX.Y-config --cflagse ZA3d o] A% S E AZFt:

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

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

L

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

-
$ /opt/bin/python3.11-config --1dflags —-embed
-L/opt/lib/python3.11/config-3.11-x86_64-1linux—-gnu -L/opt/lib -lpython3.11 -
—lpthread -1dl -lutil -1m

R3: of el sfol4l A7) kel (53] A2 ao] w3 el o] 2 AAAAR ol 2hel) ke 75}
9, 9] o9} Zo] pythonX. y-config? AU FZE A}&3l= Ao 25t

o] AA7} o) B2 918 A PHerhE (R E FU2 AL BB A AT AL 0 A o)

Ut SHA R, W R 38 S g oh, 54 0] B A Ade] AHAE 9 AsHol L} ol

Makefile} (I YA E oWl sysconfig.get_makefile_filename () & AU AI L) Antd
£40% IASAE U ol oyscontio T E CTeltol Aol 24 g xe A YAlos
FEoed S8R ETYUD. A F

>>> import sysconfig

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

>>> sgsysconfig.get_config var ('LINKFORSHARED')
'-Xlinker -export-dynamic'

Nv m[m
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>>>

2o s
c E027) 9 IE B TES QYT W, AL o) FE TEA(BE, BT, FBI) o]
sEgqe seo]e) A4 F9 T34y Ae] 8 sol W ZEZE.

2to3
ol 2x TEE Fo|H 3x TR ‘33%}"‘5} HA A3 =AU, &22E 77 BAL 7
4 EZE FA5A 75‘]%‘4\— A= R EY v sddS Ut
2t03 + EF #Hol B g oA 1ib2to3 2 ﬂllﬁw/} SHHACE AYT F Y= 2THEE
Tools/scripts/2to3 & Al-&H Yt} 2to3-reference = EA]}L

abstract base class (34} # o] 2 Fa| ~)
S o) 2t hasater () 2L T2 HIYE] BAFAY v REA ARE (I8 5
& H A=) -, A o]~ 7‘4-43}% Y-S ATTFozZAN G Ero]d & Hashth ABCE 7}
AR ;'?/H’\E ‘:C"J?ﬂ'—tﬂ ZHP2E A E5HA] "}qu/ﬂ_l_isinstance() 9} issubclass ()

Oﬂ o3 AAE 4 Ad+= :E:‘EHCC AUth abc B E AHYAE EAM 8. o= w2 W3 ABC
Sol et v 22 A5 54Ut A8 X (collections.abe BEEA), A
(numbers BEEA]), 2ET (1o EEA), YT E 3} £ (importlib.abc EE o A)).
abc BES AMESA] A2 THY] ABCE THE 5 Y tth

annotation (o] =] 0] 4)

ol whe ¥ GE 2 ASHE WS, Foa o EYHE B P45 vl aS ket g 429
ol &gt

Aol 9o ofierlo] e A A7kl AN AT 4 AT A W, Féhs £4 9D P ofx
HolAd2 27 &, 32, 42 __annotations__ EF o]EZ|RHE AF ZLQ 14 t}.

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.

-

argument (¢l 2})

FrEE2YW U5 (EEWAD) 2 ASHE T FRY A4 A5
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7191 = QA A} (keyword argument): T T= o] A tt‘?<]-7]— Qroll L& 912} (o] & £ 0], name=) =
7

g e 2 ﬂﬁtﬂﬂiﬂﬂlﬂ“ A} 01] o], o= E‘écompleX() TEolA 33
5 EF7IHE dAd YL

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

o 2 X] AR} (positional argument): 7]
UL A olE 2 & 9 el x &
35 e wT R AR,

‘complex(3, 5) J

_8{ jlgl
rO
2
N
N
o
-9
rc
O,
2
do
R
O,
B
il
rlo
ro,
2
B[
I
fo
2
o
=2

complex (* (3, 5))

A2z T vbe 9] o] F 22 Ao "o thdg Ut o] thgoll A-85 = 2 S0l s A
AL EHAL ERAOR ojH % ES )

SE=RR A= )

|l vi 7 5 FAQ AF AR} v 7 W =o] Ao] 9F PEP 3625 H A 2.

asynchronous context manager ()% 7] ¥ A E #a] 2}
An object which controls the environment seen in an async with statement by defining __aenter__ ()
and __aexit__ () methods. Introduced by PEP 492.

asynchronous generator (8] 7] A4 ?,1] o] E])

Hl 5 7] Al & ol o] & o]E] & F+E T4 async def 2 FoH = IFEH T H Ho
=, async for FZ7} /\P%ﬂ" P A FES UIE L yield BHAAL 23T} Hol
o5y th

HEuls7] Aldd el &5 7 7| A R ol " Bl o A= v 5 7] Al el elH olE#olH &
ZHI AU o= ok= o n| 7 g &elA] 2 B, dAT Gl E MM RS gl Uth
vl 5 7] Ay oY gk await H A} async for 3} async with 28 X338 5 9%
Yt

asynchronous generator iterator (B]-% 7] A4 & o] €] o] e & o] E])
v 7] Ay d o] E] 471 st = A A,

u—7

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 vari-
ables 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 (V] 5 7] o]g]g] &)
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 re-
turn an awaitable object. async for resolves the awaitables returned by an asynchronous iterator’s
__anext__ () method until it raises a StopAsyncIteration exception. Introduced by PEP 492.
attribute (o] E 2] H =

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 ().

awaitable (o] §J] 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.
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BDFL
2] 2 -8 F A1 5 2] 2} (Benevolent Dictator For Life), < Guido van Rossum, 3}o] A o] A 2},
binary file (W}o] 2] 3}4)
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 io.
BytesIOand gzip.GzipFile.

str ARE 912 45 gt o AR AL B A 5 =

wy

Z3hA 8.

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 (v} o] E G F A A))
bufferobjects & X]ﬂf"}J—C A5 HAE JAXE T S FULE o8 F memoryv1ew AA S
E 20|31l bytes, bytearray, array.array AA &L Y} H}O] EF AAE2 vlo]
g ol & T o8 717 Axbsel AH8E £ AdFUThH 945, vtol v e St E A, &
FHAEFE EL AE] dFUTH

=

tlo % rlo

H AWE-L vpol i el HolEl A Y B AGUT olF o) AHAL FF el
» 7] vlolEdE AA”y AT ) }‘?‘i bﬂfﬂ MA| o] o] 2= bytearray & bytearray 9
nenoryview 7t G YT, THE A% e wholue) Holel kSl A (417 A8 vhol =t
AR o AFEHE=E QUL o]H AE9 o2& bytes bytes A A 2] memoryview 7}
AEIES

bytecode (H} o] E F &)
ol N A FEFulo|E IR 5t E =, CPython QB Z 2] E]o]| 4] ool Z 2 T4 o] W 7
EAULh dlo]E TTE pyc Aol A A o], 22 51AS % wA) A e ) o wepa A s
e}zl A B0l S I=20) A A S 1T, o] “F 2 Aol £ 2} vhol = mEol
Sk IS AAsE 1 7170 o4 ABHED YTh ol TEL AZ the shol
7HE 71 A A ZHed A E 7 sHA &, Tho] A B3 Zhof] HA Aol A = E‘r\_ Aol 23] oF
ot

HlolE I & HEo] 5o B22 dis BE A YA L& th

callable
A callable is an object that can be called, possibly with a set of arguments (see argument), with the following
syntax:
[callable (argumentl, argument2, argumentN) ]

A function, and by extension a method, is a callable. An instance of a class that implementsthe __call__ ()
method is also a callable.

callback (Z4¥)
A2 AL = v 2o o= A Rol A AR A H FE B4
class (22 2)
g7} o) S
cHAE Y=
class variable (22| A ¥H$)
2ol BYFH I FHHE T (F, FHLY A2 2o A7} of e} o A v A= = WS,
complex number (& 4 4%)
o153t A4 A 2Hle] G, BE £A7} A5 B
o] 315 B9 (19 AFD E FE A, 32 oAl
ol e Ao BIWE 2k Bard /2 A AT

b o
o ¢
5

AW

o
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o], 3+1j. math R 59 B4 5 HHo] BQ 5, cmathd AHEFUTH B4 E82
2 784 7 gtk d8stthal =71 A Zetthd, A Q] F4 5] FAIBE 54T
context manager (€ A E 3]z}

An object which controls the environment seen in a with statement by defining _ _enter_ () and
__exit__ () methods. See PEP 343.

context variable (A El A E HS)

Ae Aol mhef hE ke 7hd 4 9 W4 ol 24 AR a7k vl sl ohE ghe Al 4
Do et 8 A5 oL b A AT BE B0, olikel A8 2] ol
GALEglg S olon AUAE Mao] 3 guE $A4 HIET HAAA WS FASE

Ayt contextvars 2 AR A L.

contiguous (A<
H 3 &= A &3] C-A S5 (C-contiguous) ©) Ay EE 2 A< (Fortran contlguous )4 W] AL ozt JAFY
o 33 W H = C A% o MA EET ALY UTH AR wj Dol A, FBES A= ol S A3, 0
oAl A Al &8k @ E Ak 01“*‘/\-4 A E w22 v X5 of oF It thxkd C-A<5 i Dol A,
Azel a9 AU FEES PRS0 0D AY )b we g S Y, X2
S ol A, 3 WA A8} e g o,

coroutine (T &)
2 queee) o duse Fe Utk Are e A AFAA A ek w o
%EMD}. FAFEL2 o thE A Aol A J Y8t % &L, AN 5 s YT ol A=
def 2o g 8T 4 95U th PEP 4925 H A Q.

coroutine function (7€ g4)
FEZE AR E ESF =T ZFYU G4 E=asyne def B0 2 AHo)E 4 911, await 2 async
for®tasync with 7|18 24T+ AFUTH o] 252 PEP 492 of 23] == A5 Utk
CPython

stolH 2w Adojo] FHAA LU, python orgo| Al Wl ZF Ut} o] 7
IronPython ¥} Z-& th-& A= 34 %Lté?‘;} 227} & uff & o] “CPython” o] AL&E Y

decorator (t]) 8] o] E])
g2 s EgFE g4, BE urapper B HS AFR S S AZto g Ao H ULt g 23
o] EH EG& of = classmethod () & staticmethod () YU Th

ol 2L BA Ao BPY BYUh oS F 4 AL v o 5Pk

&S Jython o]}
=

<

s N

def f (arqg):

staticmethod (£f)

£

@staticmethod
def f (arqg):

L

2o o) Seol s EASAT, @ AF AUk Hlmd olgol] Bt o AAI FES T4
FEDES P BIOIEE PR RIS

descriptor (t] 232 HE])
Any object which defines the methods __get__ (), __set__(),or __delete__ (). When a class at-
tribute 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 they are the basis for many features including functions, methods, properties, class methods,
static methods, and reference to super classes.

H2age e qA=Eo o g 24| 8 U §-2 descriptors U T2 T HE] ARSEH bl Aol U3 Y T

dictionary (9 A 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.
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dictionary comprehension (€] 4] 2] #H = 2] 3l A)
o H e Gt 84 AL} ARE Aelsn AFE e YA LS NBFHE 1A
results = {n: n ** 2 for n in range(10)}<2 Fkn ** =
Ay gl E AU o) comprehensions & 2 3 Al 2.

dictionary view (5 A 2] H)
dict.keys (),dict.values(),dict.items () HAEZ} E8F= AAES I Hetn
EEUTH o AEL 9V FHE e 54 HE ATt 94Ut A48 W, 57}
o] M3l W Brh YU GAUY HE AT 2 2ER wRYE List (dictview) B
AFR-3FH FH U ). dict-views S H A 8.

docstring (5 A 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)

SulE AEF o)A S R EA sl AR P& BA G z2 Y 2EY; A, T
HAEY O ERHET SEHAY AL UTH LAY Holw 22 H AAuirid, 142
2Pk EAF F tjalol] B o] AE FEFo e, F AAY TEE Y H A (2L F e
2R #A4E M 5 AdsUth 9 BolF-& type () °|} isinstance () & AHES AAE
93T} (3hA1 8 Bol o] 24k v|o] A Zel s 2 BeE 5 9l g ol 498 of gtk thAle],

hasattr () AAFPVEAFP T2 18-S &t}

EAFP
s H}= §4 5 F317] 71 4 v} (Easier to ask for forgiveness than permission). ©] Z3] &
vtolx I AEE L, SHFE 7|V o] EGRES EAE 7ML, 2 7HF o] EW o9
Ut o] 2835t w2 AEd L B2 try@lexcept B EAZ EA AR UL} o] HIZ
oF 22 o2 W2 Aol M A5 A= = LBYL 2~ 8p 3t o vl g Y o

expression (.3 2))

i o>
flo T 30
A

1

ojE Fto 7 A = FHAEAN 27 g2 U 135, 242 ZHE, o], o EEHE
BH A, A4 ST T2 S SHFE R 245 Fol2d AY Y o2 B2 Ao}
zrAozg BRE Ao FAES A A AL ofdyth whileXq, EHA 02 AT 4+ Q=
T sl dHsuth o =3 FAFo)ar, xd A o] ol d Yy

extension module (&% 2 &)

f-string (f-2=2}49)
EU R B ] B BAE EHYES T3] -G o Bt Fatd, 29 £A Y 2 EH Y
o] 292 YUth PEP 498 2 B A 2.

file object (3} 21 A])
An object exposing a file-oriented API (with methods such as read () or write ()) to an underlying re-
source. 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.

AA 2= Al 772 3 AA S0l Ut & (raw) HFo] A 2] 3}, ¥ 3] = (buffered) vl-o] U 2] 9t<,
BiE 519 o] 29 Aol Ak o REANA AP 3 AAE e FE A YL
open () ¥FE 2= AYUrh

file-like object (3} Y7 2 A))
okl 24 9 wl%e .

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

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

See also the locale encoding.

finder (3}21t))
Ared BEe A o & 2odn Awss 4.

stol® 33, o] m E E220] 5107 Y& T sys.meta_path 9 37 AFLE= HEF A=
51T 9} sys.path_hooks I} 7 AHg3HE A2 dEE 5hlH.

o #FA 3 U2 PEP 302, PEP 420, PEP 451 o] U8t}

floor division (A< U=Al)
7V 7V A2 W E s &

#8HA UeAl. A4 vl A4k // o g Eo), B84 11 //
4 7re 27 2]l A4 =Moo
o 2 27k A AR, A e

755 EHE Utk (-11) // 47}-2.758 W& 3 -39]

Aol ‘rr-/] afj oF gt PEP 23 AlL.
function (g+4)
SEAANA E 3 EE T dHY 2. LAY T o] Y A 7FAEE 5 Y=, iy g
Ao AF2E 4 Qs yth v 74 9 WA = 9} function A E HA L.
function annotation (T4~ o] - ¥ o] A)
S wj A A S ukek ghe] of e o] A
P4 olmHo]de AMA o o dE 2 ALH Utk o & Sol, o]l F5E F AL int ARFE
wol5 e Aoz 7t 1, S int B S E A= At E YT
def sum_two_numbers(a: int, b: int) -> int:

return a + b

& o] mH| o] A B2 function Z ol Al A g}

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)

garbage collection (7}8] 2] 4~ A)
O MG A o W B el 2w et AR shol e FE A5 F AN FE £ PAFLZE S
A= =& 7A FAZE T 7H A S AE SR FUTE 7HEIA A= ge RES AHEEA]

A+ dsUch
generator (%] ] & o] E])

Ael ol E o Edo) e & BelFEe B A3 A , g weEx
EHAL EFATHE Aol HEUT o] EL for-FZ 2 ALE 57 U next () F42 o Wlof sttt

8 AY 5 Y

BB A o) E $5E 71 A A, o @ o] = AU el E olg el o H & 72 AUtk o =
ah oful 7} WEEA) 3L AL, FHT §o)E A EEFES QAT

generator iterator (A 1]z o] €] o] €]& o] E])
Zﬂ Lﬂ &l o] E% 5‘;}/\ 7]_ ol = 7 iﬂ
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Zhyielde AIA L& Ae|E F&etaL, 2 A (A HesR 7] S uy-FE5& TT5He)
AW A E 71 FUch AYdeld ojHe oy 7 AN, Bt o E B FUTH(ZE vt
A= A2k ek thu) g U Th.

generator expression (xi] Hdole] £84)
olHH OHE EHF+= RHA. FZ AT HAE BY s for A B 7hs st if o] o
=T °“:‘P4fﬂ*‘ AE Bk 2 #3842 ST E A HES oWt
>>> sum(i*i for i in range (10)) # sum of squares 0, 1, 4, ... 81

285

generic function (A 8 <)
2 AN AR g2 FEd s 7+ oA T2 FAE
EV\JHX] gzl s 478 F Uk
AlZ o)~ %] £o]F] &3} functools.singledispatch () HZ & o] E]} PEP 443% X A Q.

generic type (A1 )
A type that can be parameterized; typically a container class such as 1ist or dict. Used for rype hints and
annotations.

b

5. 5E W o H THo] AR L

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

GIL
Ao B zeH & & HAL

global interpreter lock (A9 Q1] Z 2] &)
% ol 2.4 Shujsl 2A| = sl vlol = 7= § AYSES WA A5 CPyon A =2
B 7k A8 S B AV S (dict st 2 FR 8 & st AH o] HAH L2 5
o 4] 0] £} 93 % §HE-0] A CPython 73 A B o Qe Z e e AA g s
AL JHZEE & thFad =3er] A vt g4, ths iEHW 71 A7} St HE A Y
O i R g A=
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 I/0O.

(@A ¢ v A -5}71] F4 d ol HE F1E) “Ad & o A 2 -& (free-threaded)” QB Z 2] ] S W+ 11 A}
st A =g AFHolA] X, Tt 22 AMA ALY 45 A7t AE ] i
Yt o] 4% ] €35‘3}% AL 7S W B35 whEoi A 7 A H]'Q“O]‘:ﬂ sz esw
o] AL ;l [BR=

hash-based pyc (3} X] 7] 4} pyc)
‘rrE/H S IH37] fel S A 5o HF A Al o] obd S Al E AFSEHE HEo | E I E A
. pyc-invalidation 2 %% 3}A] 2.

hashable (8]] Al 7Hs)
An object is hashable if it has a hash value which never changes during its lifetime (it needsa __hash__ ()
method), and can be compared to other objects (it needs an __eq__ () method). Hashable objects which
compare equal must have the same hash value.

AN b5 AR G A A ge) MR A8 Y 5 A e, o] AR TR E
iAoz sfA gk AFE st ol = Yo
52 stej o] X WZ AAE2 Al 7Hs FuHh (Rl2Eu gAY e Z22) 7 AH ol s2
a8 dFUth (FEotfrozenset 2-2) B¥ AH oJUEL 259 8450 A 75 & wf vt
A b g e gt A8l Felne] Aol AAEE ARA 02 HA STt (4]
AN g Algetils) BF 2l v aE AL, A g2 id () 2 R BEol Yt

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

£

immutable (£%)
DAY S e AR, B AN 54, B, FES 2R o d ANSLS WAY 5 ¢
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Solok gtk WA ¢k s Al ghol glof of st 3ol Al

import path (¢} %
@;7]3}3}0] A AME= AAS (E= A2 QE

2] 9
path X8 S5 SA% AL A4 39 3

@i

importing (2 3 €)

3 R EQ glo]lH FEVITE REQ glo|H FEA ALLE F JEE 3= F A}
importer (¢} Z€])

EEE 37| = st 2E 817
interactive (¢} &3)

gho] & o513 ez 2] E

=
=
i, %7 AWE A7 B 5

bt
ok
rlr

AR; Ao Tl o)A =1 AA YTk

]

3 gled), AEEelE 2ol 2 XA 49U 2
che Sk 94 flo] ©A) pythong AT 2 (AFE
7 =

Fulirol A Ad e A% 5@ 4 A5 Urh. Al choltolE AAeA L BE R 917148 Sol
T E = v 28 g 3 QU th (help (x) & 719 38HA1 2).

interpreted (21 €] Z 2] &)
Bpo| = 3= 751 )9 24 o] 2 PHo] 5 2% A7) 87 7, shol W2 A} Qo] 7} ohy]
g olezed Aol gtk o AS WA RO T A AL BEA Gk, £ AL M H ARG
FATE=EdUth 2 22330 F = H e ASd

AojEoh g2 Wd/yH 3 71 €zt o

interpreter shutdown (Q1E]Z2]E] £ 8)
Botgte S WS u, Sto] A A ZEH =

223 | aaza%@uw»w+AMﬂTﬂﬂ
A2 W 52T A4 4o 73 A} weakref 2 o] Y= FES AWE AHALD 5 %5
Utk 8 A7) 5 ARE & TEE ke o9 52 v 4= gl 1A o] o EdE RS0
o 7155k 9L 4 917 MU THE S o= gholBele REo} A1 FAEUTh

JHZEH £E2 FH 92 A= __main_ BEINU2IHEAIY S ZYE AGUTh

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 with an __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 (),
--+). 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 tocall 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] €] & 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 fur-
ther calls to its __next__ () method just raise StopIteration again. Iterators are required to have an
__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] T Z}A 3 W& 0] 9l Th

CPython =& 4} A]: CPython does not consistently apply the requirement that an iterator define
__iter__ ().

74 Appendix A. &3



Extending and Embedding Python, 2 2]~ 3.11.8

key function (7] )
7] @ B+ Fd o] (collation) T+ F 4 (sortmg) o] 1} vl & (ordering) o] AHE-H & Fh= &
FHEYYLE 9 & £9], locale.strxfrm() < Z2AI EZ YA S mzE= FE 7| & =

Ae8 Y.

ol MY W2 =7t QAT 0] o @A A AoJA AL Fol=A & Alolstr] f& 7] & ot
EYJUth ol#d A& +=min(), max (), sorted (), list.sort (), heapg.merge (), heapq.
nsmallest (), heapg.nlargest (), itertools.groupby () ©] U5 Yth

rr N
& rr

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 1 ambda 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] $] & 21 z})
12 & HA L.

lambda (&t}
529 0 gro] FAAL e HA4 0 PAE ol F Y Ak B4 BT FLE BEL
EHL lambda [parameters]: expression Yt}

LBYL
5 7] Aol B 2} (Look before you leap). ©] T ~ElI 2 T E oY 23| & 517] Aoj YA FH oz ALA
ZAES AAUTE o] 28 Y2 EAFP @%%‘#W“]QL, g2 if 7o EME EZA P YT
s 2= 27 °1V%LBYL A2 “HI77 <R 77 kol A 20 WA 2 AF %1%14
th o & 9], FE if key in mapping: return mappinglkey] & ZAA} o, 3}X 2 23]
Ao, o2 28 =7 keyE mappmgq]/ﬂ A ASH Ao 5 5yt ol# o5+ F o]} EAFP
NS ST A2 4+ AL

list (F]2E

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] A E A 2|3 A)
AALY L A5 AR EL ARE An 1 ATNE JAER FeiF RS
["{:#04x}"'.format for x in range (256) if x % 2 == 0] &

=

2
Nm
UlH
S
-
o
=
30

(x)
CR2E0] 1605 (0c) £ TR AU o228 BEUL i1 2
7§ 2kl H, range (256) ol = EE 847 A Ut

loader (2¢])
BES 223+ AA|. load_module () O]+ ]%—9/] HAEE Aodor Ut 2= BHE 3}
ol 7k =¥ E Ut AASEF H L2 PEP 302 &, A vo] A~ Z8 2 & importlib.abe.Loader
£ HA L.

locale encoding
On Unix, it is the encoding of the LC_CTYPE locale. It can be set with Locale.setlocale (locale.
LC_CTYPE, new_1locale).

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 (v} 2 v A =)
S5 u A= o WA Al W5 e T

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.
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meta path finder (W€} 7 & 3} 2l ¢])
sys.meta_path & ZMo] T+ selv]. Wet A2 St 4= dEg] 32T of AAH o
9171 % B A b,
H el A2 3t 7 A= A =S el A= importlib.abc.MetaPathFinder & X W
U,

metaclass (W€} 2 2)

¢

Zej2 Ses Ses s S ol F, FUs YA, o2 S 25 B2 B
WEf o)At o Al AAHE Wobx] el AR TE A ele ATk BlRR o) A7) A9y Zz e
Y doj 5L /) T AL AFGUT st AL BWH BEL AL ALY e FHLE BE S
ohe AYUTE R g Aol AL o] £/ AF B AW, B2 D 0, e Se st
A3 Sobat M-S AFFUTH o= RE AA 29 27 (ogging). 2 = A F7,
AH AY FH, JFE AT B THE Ao AHEFE L

o

metaclasses O A T ZFA| 8 U &2 22 4 914 T}

method (W] 4] &)
Ze)2 o) oA A H & P 1 Fel 2o o
A WHA AR} (RF self
BA L.

method resolution order (W] A & Z2 A £ 4])
]

HYAE 2 ¢AE 23 e 5 EUHE A= vlola FHAE9 A YU 23 E|afH
glo] A A el ZE B AR H L8] Z9 AN W &2 The Python 2.3 Method Resolution Order&
B gk

module (2 -5)
stol A F =9 223 A& FFetE AA. RES Y9 golH AAEE & ol F S
ZSUth EE2 g Aol o stojHo g 2T

module spec (2§ A9))
RESEEScU AR H = YZERAZEES HL Y
ModuleSpec o] QIAE A,

MRO
MAE dd ¢4 & 2AS.

mutable (7}H)
7V AA = ol i 5 AT id () & EAEA FAF UL £ = HA L.

rlr
(]

| & &7t importlib.machinery.

named tuple (V] J & 5Z)
“named tuple(] Y = FZ) o]t
g2 g5 Qe 840 AN E

time.localtime () @ os.stat () 7} BFESF 2k £831o], o8] WA 3H o) v d = E=ZAth
T 2 o= sys. float_infoY Yt}

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

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

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

True

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 uple and that defines named fields. Such a class can
be written by hand, or it can be created by inheriting typing.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.
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namespace (0| & 27
M7 A G £ B4, o8 B0 BT R FER I AR S4F
£ ol A, A, 7 o § 3 2bol] Ag1ITk OB S0 o1 F FES WA
AdgUH & n() &1E9e 3l
.t ol 500 T 2Bl A T HNAT H A Dol A 1= § A
Z1Uth 9 & 5], random.seed () =¥ itertools.islice() B8t AW 1
andom # itertools &l o3 +8H 5ol M| Frh

namespace package (©] & 7} 2| 7] ®])
LA A B T 7] l‘:9l ZE o] 27 7]58k= PEP 420 3| 7] #]. o] 5 FXF s 7] Al = E 2] A 1 A A7t

[o

N
Nedo
I

fleTE Y, 53 _init .py ddo] glem g At 97| 4] 2= thE Y th
e T HAS.
nested scope (£ H H AF )
S AYAN H4E Fxote 5. oA E S0, v & ielA Bod T kg ol
AEWFEL A2+ J5UL FHI 2Fz e 7EHogE 20 75T 2, g2 54
STk o] Feloof ALtk A MRT2 g hie] 2 mmol 4] 9w HuiTh v A 2
A MAEL Ao o] 2 27H A 3 ZUTh nonlocal & HZ A3ime] Ax AL 3 g c)
new-style class (- A€t Fe| A

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 (7 A))
e (EYREYH & 2L TH(MAE) o] AYH ZEHolE. 3 BE 7Y ZH~
o HFAJA HolA ZHAY YT

package (3} 7] #])
A Python module which can contain submodules or recursively, subpackages. Technically, a package is a
Python module with a __path___ attribute.

AT A7NA 9ol 2 B A = HA L.
parameter (W} 7] ¥H )
B @S MA) Aol q $4 e sl o (o A S & A4 ol
Y

2o ogE. oA 2F v HET) QS

o 9 X|-7| ¥ & (positional-or-keyword): 91 %] Q12 U 7] Y& o1z 2 ALEE F Q= ARE X AT
Ut} ol o] 712 Wee] v A asd T o & So] thol A foo St bar:
[def func (foo, bar=None): ... }

» 9121208 (positional-only): 91X ¥ A3 4 gl AXHE AFFUH X AF ARG
5 Ao WA RS BEe / BAE EFL 1 Fo) AT 4+ AEUT oIS Sof the

ol A posonlyl I} posonly2:
[def func (posonlyl, posonly2, /, positional_or_keyword): ... }
* 7199 =- 8 (keyword-only): 719 EZ R Al FE 4 Q& AAE AU 7| =-A-§ vj A

@—T—g T o o) w7 R 4 EF ol A kol sk ZHA- X vl U+ 5 IH) 2 38l A
= F UL A& 9, th Al kw_onlyl £} kw_only2:

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

» ZFR-91 3] (var-positional): (FFE PAMSEE o o34 o] u] wrolE o] 2 912 AAE ol B 3)
AZE 4 9 97 AAFE] Aele] AALE ARFUTE o A vl ¥4 vl w4 o] o
<& oo ol A 398 4 YU o8 Sof th ol Al args:

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

|
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« 1719 (var-keyword): (G2 A5 ol )8 A o] v] Wo}S o1 719 = AR ol B8l
Az 5 9t 999 A5 719 E A4S L ARG ol @ vl A d5E vl A o] Bof

s+ 2 ool Hol A Aeld 4 ath ol 2 S0} 919 ool A kwargs.

WA A A 9 E 7 B b g A Aol AU B4 ANES AT 5 A%

1A} *"LOVJ T, A2} wj M=) Afolo] L} 2= FAQ R, inspect.Parameter &2,
function Z, PEP 362% H A 2.

path entry (F 2 JE )
AR 7N 7t A2E F REES 7] Y8 Fudhe dx2E A2 Y st .

sys.path hooks o A+ E’H%(é, AR AEZ F) ol 28 FE U A, T A= dEg
2 EES FEUES AT AL,
AZ JdEZ FAHEo] FHIE=HAEEL importlib.abe.PathEntryFinder o Y34t}

path entry hook (Z £ dlE 7] &)
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|4} 5} Q1)
712 v e A= SlE S F ot Y2 E A2 oA BE

path-like object (7 2% A A)
st A2 A2 5 Ueidl= AA. A2F AAl= F2 5 UERY = str U bytes AA o] AY
os.PathlLike T2 EFE = AA YU os.Pathlike T2 EFE X Q3= AAl=
os.fspath() TF5TE TZ3 A str Vbytes L A|2"l A2z HIE °1A\JD]- EH/\ os.
fsdecode () & os.fsencode () & Z+Z} str Vtbytes A4S EZHS]'—H] AL2E 4 S5 U
PEP 5192 =5 95Ut}

PEP
gpo] W 7| A| ¢F PEP= 3ol AF U ol AHE A& 5t A shold ==
o gt A28 755 Aot 27 A4 dUth PEP+= Al te 7]l th gt
<AE AF 3 oF it

tjo
i

&Yt

PEPE 52 Al2¢ 7152 Albel 1 EAlo] 0 gt ARUE 98-S s ol do] Soj7t AA
AR S EAR BE7] 93 712 fAUZ A Th PEP A4 A= ARUE Yol A Tol & T2t 1
N EEEEVEE SRR

PEP 1 3x3A4 8.

portion (Z )
PEP 420 | A A el st A X & o]% 27V 3 7] A of] o] ¥}A| E}= dhite] T EE glof] So] 9= 5 S 9
A% (dp Qo] A= A 7hs

positional argument (¢ %] ¢l x]-)
A2 E HA L.

provisional API (23 API)
%% AP £% ol uejele] 77 S84 B
2 W3 o) A AT, B A ol ek EAS & B, =
BA EEA o] FAH A s Mol Dol 4+ ik 18 WAL
£ 2 AU —APLE 2R Al ¥ 2 S 229 o

A Ygyrch
T APIAAM R AR, 3 A S84
218 FA S dsl] FA S84
o] Aat+= EZEMHE%EV} Al o &8
EUth o AR g2 P 411—%_%%1 HY

provisional package (%3 3| 7] A])
T APIE RAL
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Python 3000 (=} o]4 3000)
vho] 3.x wlj & 2ple] EE (WA 3 wjZ 7 A v o]okr| | Al Fof| hEo] R o] Fo|t}) o] A
S “py3k” 2 o] 27 % BTk

Pythonic (v}o] #e}-2)
£ Qo) S oA Auka ol A
§5 & ol 5L Arte] M= o2
for B8 Aol A H ] B S S A A BE B Ao s o1 B8 el
3 e E 2 A8 a7 = gk

O
ke
D)
52
rlo
>,
1
il
rlo
=
>
=2
My
B
N

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

o 2B, shol Atk & ol & th

{for piece in food:

print (piece)

qualified name (3413} € o] &)
TEH o]&. PEP 3155 o A @QQ‘/}D} 54 ]'-H ?:L—’Fgriaﬂ/\J —?—01] 7§‘FF§]-Q o] 52 A% ]4
ol 5% 25Ut

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

>>> C.__qualname_
>>> C.D._ _qualname_

>>> C.D.meth._ _qualname_

2ES 71g 71 =g A , AR BAFIE o) 2 (fully qualified name) S 2= RR | 7| A &S
ZFeA RER TH= ﬁgi 29 ol 5 guFYrch A& 0], email .mime. text:

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

reference count (=X 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 implementa-
tion. Programmers can call the sys . getrefcount () function to return the reference count for a particular
object.

regular package (A1 2| 7] A])
init._.py 392 ZESE A 2L AT 574,

ol T I A = EA 8.

slots___
SR YR HAd, JA2H 2 oERESS AT TS vlg] Adst d2d2 g e &
AATo Rz M2 Ao EHE FUTh A7) A71E AT, o BlZg e Lu= Aga)
17 Z 71tt2-2 Ao, v eo] Mze S8 T2 I A B 50 AAHAT Y= S
T2 A sk Aol FF U
sequence (X] @A 2X2)
An iterable which supports efficient element access using integer indices via the __getitem__ () spe-
cial method and defines a __len__ () method that returns the length of the sequence. Some built-in se-
quence types are 1ist, str, tuple, and bytes. Note that dict also supports __getitem__ () and
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__len__ (), butisconsidered 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)
ol g &l = 84 AAY ARE Hesta A3E F-2 HAFS vkt 1HA s Y. results
= {c for c¢ in abracadabra if ¢ not in 'abc'}E EXEY F
A A g t}. comprehensions2 2 514 A &

single dispatch (& 2 t] A3 x])
T o] shte QAAFY] Fof| 72 AR = AlvE S Y Aau) X9 st FE.
slice (&g}o]2)
BREANAL Y SR E XT3 7 iﬂ SOl AE AT HE B
variable_name[l 3:51 A9, [] dNA oJ8 M| AE FRoZ R
A2FIYPE) RS YRPo= Sllce AAE AUtk

special method (54 M A &)
s}o] 4 o] 5301] ojd AkZ, QA 22
o] BER AFStaL Ehe © Z
AF U

statement (& 3})
BHL AYE (ZES “BE (block)”) & P4 REJUTH EFL
ARk o8] 7HAl 2 E Y st Ut 7 1f, while, for.
static type checker

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

d 2 AT o FAFeE TEHE VAR ojd HAEE F
15< 231 Y5 th 54 oA =+ specialnames ©f] &A1 2 THE 0] A

el

@4 ol ALY AAEE

strong reference
In Python’s C API, a strong reference is a reference to an object which is owned by the code holding the
reference. The strong reference is taken by calling Py_ INCREF () when the reference is created and released
with Py_DECREF () when the reference is deleted.

The Py_NewRef () function can be used to create a strong reference to an object. Usually, the
Py_DECREF () function must be called on the strong reference before exiting the scope of the strong refer-
ence, to avoid leaking one reference.

See also borrowed reference.

text encoding (B] A E ¢137.9)
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 (B A E 5} 4)

scr AAE AR & £ AEAY A T domqYe dAEEWo= AG Ao m e

M rstn B AE o7 S 2% JE Uk HAE 9do 2L BAE BE (1p! Ly

2 99 9}, sys.stdin, sys.stdout, 10.StringI0 Y A2HAE & 4 J5Y 1’/}.

Hlol 2GR AR B A3 & 5 A 5D AR A Hhol el 3 =
triple-quoted string (3% u}2 % d Fx19)

w53 (7) U 22w 3R ()
ﬂ%%wﬂaﬂ

A}

~

=
A
O]Tr°ﬂ/\1 ER7F s Ut olaA ol H A gL Ao
+ 5 53, A7 BAE 27 Qe ole] 2ol AW 4
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type ()

sl AA Y B a30] oW F7 AMAAE AFFUH BE AA L Fol YHUTh AA Y
B2 _class__°E ﬂwt-'rEE WA~ A AU type (ob]) 2 E= =+ YFUTh
type alias (3 ol g 2]o]x)
32 A ztel B Y 3te] BEol A& Yo oo,
Yol Qelol 2t ¥ Y= Bedett vl R8T o8 5
rdef remove_gray_shades ( |
colors: list[tuple[int, int, int]]) -> list[tuplel[int, int, int]]:

pass

o= 2ol o &7 9 e 5 dsuth

Color = tuple[int, int, int]

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

o] 75 A3l typingd} PEP 4845 = 3HA 8.
type hint (& 31 E )
W, Sl ol BT R E B o v/ i 3] 7IdiE = 35 AR sk of = EH o] 4.
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.

219 AFE Z1l94f‘f}¢, Ad Hy, ZHx JEYRE 2 T4 3 JE+& typing.
get_type_hints () & AH&S] AN AT 5 Q5T
o] 7l s& AY3te typlng.»]- PEP 4845 =z 34 2.

universal newlines (U A £ 9 7))

Gesge ASE BE 2 Bon AAE, gam Aegg AT B §12 4D E
2t '\n', A== F8 '\r\n', Y WAEA FHe '\r'. F7HHQA AMSOl A=
bytes.splitlines () ¥t olyz} PEP 278 &} PEP 3116 = H A Q..
variable annotation (‘4 LHo]A)
HeEEZ /\01 ZHE o] =H o] A
HP EE A JEGRE o cH oS ol o2 Ad A Yt
class C:
field: 'annotation'
W oo e dutdow 9 dER ASRUTh A8 Sol, ol Met int g A Ao®
71 o}
[count: int = 0 }

W o] o] A B2 A A annassign o A A ™ gt

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} 2+7)
slo]| W AL & 219} 28 =7 ;o] e }\]/\8101]}\-1 AN E = o2 oM S8 =7 TS o] £ 2o
VS FA FowA, Fol HH+ H7NAEE AAFAY A =S
dggoz Aud 49 87,

venv & HA| Q.

virtual machine (Z}4} 7] A))
sz EYolvtog FoH AFH. go] e 7H4} 71 A= vlo| E T Huld e 7t 8t vlol =

T APt
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Zen of Python (=}o] % Al)
sto]x Ykl A2} 5 FEA], Ao E ol et AHEh= ol =] FUth o]
t3}e ZEZEo|X “import this” & Y3t EYUth

X
=

=
=

rlo
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APPENDIX B

o] A Aol &3}

o] A A& reStructuredText 2280 A TS0 X Ao 2 Jlo]M AHAE 93] EH3) A2
2l Sphinx & AH&- 5 U T
A A e} o] & A5 EA QA LS sho] A A o} v A = A A 0 &2 A B AR =g g U T 7] of 5t
3 AT, o Wby ol tf 3 A B = reporting-bugs 3| 0] A & F LA Al 2. A 22 AL F AR AL
i
e o)A Be s =gy

* Fred L. Drake, Jr., 92} 3}o]d A A = F39te] AR o)A @& 2Rl =9 27}

* the Docutils project for creating reStructuredText and the Docutils suite;

* Fredrik Lundh for his Alternative Python Reference project from which Sphinx got many good ideas.
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09.0~12 n/a 1991-1995 CWI yes

13~152 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

212 2.1.1 2002 PSF yes

2.1.3 2.1.2 2002 PSF yes

2.2 o)A 2.1.1 2001-d#] 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.
—~ ("PSF"), 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

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.
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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 THEREOF.

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

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

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

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

trademark sense to endorse or promote products or services of Licensee, .
—O0r 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 THEREOEF.

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

6. This License Agreement shall be governed by and interpreted in all respects
by the law of the State of California, excluding conflict of law provisions.
Nothing in this License Agreement shall be deemed to create any relationship of
agency, partnership, or joint venture between BeOpen and Licensee. This License

(th= ol Al ol A<
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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
THEREOF, EVEN IF ADVISED OF THE POSSIBILITY THEREOF.

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

This License Agreement shall be governed by the federal intellectual property
law of the United States, including without limitation the federal copyright
law, and, to the extent such U.S. federal law does not apply, by the law of the
Commonwealth of Virginia, excluding Virginia's conflict of law provisions.
Notwithstanding the foregoing, with regard to derivative works based on Python
1.6.1 that incorporate non-separable material that was previously distributed
under the GNU General Public License (GPL), the law of the Commonwealth of
Virginia shall govern this License Agreement only as to issues arising under or

(Th= ol Aol A%
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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 .

C.2.5 ZERO-CLAUSE BSD LICENSE FOR CODE IN THE PYTHON 3.11.8 DOCU-
MENTATION

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,
EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO,
PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR
PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF
LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING
NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE OF THIS
SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.

Any feedback is very welcome.
http://www.math.sci.hiroshima-u.ac.jp/~m-mat/MT/emt.html
email: m-mat @ math.sci.hiroshima-u.ac.jp (remove space)
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C.3.2 27

The socket module uses the functions, getaddrinfo (), and getnameinfo (), which are coded in separate
source files from the WIDE Project, https://www.wide.ad.jp/.

Copyright (C) 1995, 1996, 1997, and 1998 WIDE Project.
All rights reserved.

Redistribution and use in source and binary forms, with or without

modification, are permitted provided that the following conditions

are met:

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

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

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

THIS SOFTWARE IS PROVIDED BY THE PROJECT AND CONTRIBUTORS " "AS IS'' AND
ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE
IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE
ARE DISCLAIMED. IN NO EVENT SHALL THE PROJECT OR CONTRIBUTORS BE LIABLE
FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL
DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS

OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT
LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY
OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF
SUCH DAMAGE.

C.3.3 vlE7] &7 A

[>

asynchat3¥ asyncore R 52 th33 22 F9 AMS 233U

Copyright 1996 by Sam Rushing
All Rights Reserved

Permission to use, copy, modify, and distribute this software and
its documentation for any purpose and without fee is hereby
granted, provided that the above copyright notice appear in all
copies and that both that copyright notice and this permission
notice appear in supporting documentation, and that the name of Sam
Rushing not be used in advertising or publicity pertaining to
distribution of the software without specific, written prior
permission.

SAM RUSHING DISCLAIMS ALL WARRANTIES WITH REGARD TO THIS SOFTWARE,
INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS, IN
NO EVENT SHALL SAM RUSHING BE LIABLE FOR ANY SPECIAL, INDIRECT OR
CONSEQUENTIAL DAMAGES OR ANY DAMAGES WHATSOEVER RESULTING FROM LOSS
OF USE, DATA OR PROFITS, WHETHER IN AN ACTION OF CONTRACT,
NEGLIGENCE OR OTHER TORTIOUS ACTION, ARISING OUT OF OR IN
CONNECTION WITH THE USE OR PERFORMANCE OF THIS SOFTWARE.

%
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C.34 F7| &=
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Copyright 2000 by Timothy O'Malley <timo@alum.mit.edu>
All Rights Reserved

Permission to use, copy, modify, and distribute this software

and its documentation for any purpose and without fee is hereby
granted, provided that the above copyright notice appear in all
copies and that both that copyright notice and this permission
notice appear in supporting documentation, and that the name of
Timothy O'Malley not be used in advertising or publicity

pertaining to distribution of the software without specific, written
prior permission.

Timothy O'Malley DISCLAIMS ALL WARRANTIES WITH REGARD TO THIS
SOFTWARE, INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY
AND FITNESS, IN NO EVENT SHALL Timothy O'Malley BE LIABLE FOR
ANY SPECIAL, INDIRECT OR CONSEQUENTIAL DAMAGES OR ANY DAMAGES
WHATSOEVER RESULTING FROM LOSS OF USE, DATA OR PROFITS,
WHETHER IN AN ACTION OF CONTRACT, NEGLIGENCE OR OTHER TORTIOUS
ACTION, ARISING OUT OF OR IN CONNECTION WITH THE USE OR
PERFORMANCE OF THIS SOFTWARE.

C.3.5 A3 >3

trace BEL U2 2 39 AL EFLH

portions copyright 2001, Autonomous Zones Industries, Inc., all rights...
err... reserved and offered to the public under the terms of the

Python 2.2 license.

Author: Zooko O'Whielacronx

http://zooko.com/

mailto:zooko@zooko.com

Copyright 2000, Mojam Media, Inc., all rights reserved.
Author: Skip Montanaro

Copyright 1999, Bioreason, Inc., all rights reserved.
Author: Andrew Dalke

Copyright 1995-1997, Automatrix, Inc., all rights reserved.
Author: Skip Montanaro

Copyright 1991-1995, Stichting Mathematisch Centrum, all rights reserved.

Permission to use, copy, modify, and distribute this Python software and
its associated documentation for any purpose without fee is hereby
granted, provided that the above copyright notice appears in all copies,
and that both that copyright notice and this permission notice appear in
supporting documentation, and that the name of neither Automatrix,
Bioreason or Mojam Media be used in advertising or publicity pertaining to
distribution of the software without specific, written prior permission.
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C.3.6 UUencode 4 UUdecode 3+

wu BEL The 3 2 79 S EPTh

Copyright 1994 by Lance Ellinghouse
Cathedral City, California Republic, United States of America.

All Rights Reserved
Permission to use, copy, modify, and distribute this software and its
documentation for any purpose and without fee is hereby granted,
provided that the above copyright notice appear in all copies and that
both that copyright notice and this permission notice appear in
supporting documentation, and that the name of Lance Ellinghouse
not be used in advertising or publicity pertaining to distribution
of the software without specific, written prior permission.
LANCE ELLINGHOUSE DISCLAIMS ALL WARRANTIES WITH REGARD TO
THIS SOFTWARE, INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY AND
FITNESS, IN NO EVENT SHALL LANCE ELLINGHOUSE CENTRUM BE LIABLE
FOR ANY SPECIAL, INDIRECT OR CONSEQUENTIAL DAMAGES OR ANY DAMAGES
WHATSOEVER RESULTING FROM LOSS OF USE, DATA OR PROFITS, WHETHER IN AN
ACTION OF CONTRACT, NEGLIGENCE OR OTHER TORTIOUS ACTION, ARISING OUT
OF OR IN CONNECTION WITH THE USE OR PERFORMANCE OF THIS SOFTWARE.

Modified by Jack Jansen, CWI, July 1995:

— Use binascii module to do the actual line-by-line conversion
between ascii and binary. This results in a 1000-fold speedup. The C
version is still 5 times faster, though.

- Arguments more compliant with Python standard

C3.7 XML YA Z==2AA 5&

xmlrpe.client RES TheT 22 29 A3 e

The XML-RPC client interface is

Copyright (c) 1999-2002 by Secret Labs AB
Copyright (c) 1999-2002 by Fredrik Lundh

By obtaining, using, and/or copying this software and/or its
associated documentation, you agree that you have read, understood,
and will comply with the following terms and conditions:

Permission to use, copy, modify, and distribute this software and
its associated documentation for any purpose and without fee is
hereby granted, provided that the above copyright notice appears in
all copies, and that both that copyright notice and this permission
notice appear in supporting documentation, and that the name of
Secret Labs AB or the author not be used in advertising or publicity
pertaining to distribution of the software without specific, written
prior permission.

SECRET LABS AB AND THE AUTHOR DISCLAIMS ALL WARRANTIES WITH REGARD
TO THIS SOFTWARE, INCLUDING ALL IMPLIED WARRANTIES OF MERCHANT-
ABILITY AND FITNESS. 1IN NO EVENT SHALL SECRET LABS AB OR THE AUTHOR
BE LIABLE FOR ANY SPECIAL, INDIRECT OR CONSEQUENTIAL DAMAGES OR ANY
DAMAGES WHATSOEVER RESULTING FROM LOSS OF USE, DATA OR PROFITS,
WHETHER IN AN ACTION OF CONTRACT, NEGLIGENCE OR OTHER TORTIOUS
ACTION, ARISING OUT OF OR IN CONNECTION WITH THE USE OR PERFORMANCE
OF THIS SOFTWARE.

%
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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
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 S1E 3] o] 2o thal THe 3} 22 39 AlgHS 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. 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.
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C.3.10 SipHash24

39 python/pyhash. ¢ ¢+ Dan Bernstein ®] SipHash24 €17 2] = 2] Marek Majkowski 2] =& o] 3Z 35| of
AFUTH 7)o &= a3 22 W§o] Z3E o 5T

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

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

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

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

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

C.3.11 strtod 2} dtoa

The file Python/dtoa. ¢, which supplies C functions dtoa and strtod for conversion of C doubles to and from
strings, is derived from the file of the same name by David M. Gay, currently available from https://web.archive.org/
web/20220517033456/http://www.netlib.org/fp/dtoa.c. The original file, as retrieved on March 16, 2009, contains
the following copyright and licensing notice:

/****************************************************************
*
* The author of this software is David M. Gay.
*
* Copyright (c) 1991, 2000, 2001 by Lucent Technologies.

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

E

E O

*
* THIS SOFTWARE IS BEING PROVIDED "AS IS", WITHOUT ANY EXPRESS OR IMPLIED
* WARRANTY. 1IN PARTICULAR, NEITHER THE AUTHOR NOR LUCENT MAKES ANY

* REPRESENTATION OR WARRANTY OF ANY KIND CONCERNING THE MERCHANTABILITY

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

*

*

**************************************************************/
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C.3.12 OpenSSL

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.

"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
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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
copyright license to reproduce, prepare Derivative Works of,
publicly display, publicly perform, sublicense, and distribute the
Work and such Derivative Works in Source or Object form.

Grant of Patent License. Subject to the terms and conditions of
this License, each Contributor hereby grants to You a perpetual,
worldwide, non-exclusive, no-charge, royalty-free, irrevocable
(except as stated in this section) patent license to make, have made,
use, offer to sell, sell, import, and otherwise transfer the Work,
where such license applies only to those patent claims licensable
by such Contributor that are necessarily infringed by their
Contribution(s) alone or by combination of their Contribution(s)
with the Work to which such Contribution(s) was submitted. If You
institute patent litigation against any entity (including a
cross—claim or counterclaim in a lawsuit) alleging that the Work
or a Contribution incorporated within the Work constitutes direct
or contributory patent infringement, then any patent licenses
granted to You under this License for that Work shall terminate

as of the date such litigation is filed.

Redistribution. You may reproduce and distribute copies of the
Work or Derivative Works thereof in any medium, with or without
modifications, and in Source or Object form, provided that You
meet the following conditions:

(a) You must give any other recipients of the Work or
Derivative Works a copy of this License; and

(b) You must cause any modified files to carry prominent notices
stating that You changed the files; and

(c) You must retain, in the Source form of any Derivative Works
that You distribute, all copyright, patent, trademark, and
attribution notices from the Source form of the Work,
excluding those notices that do not pertain to any part of
the Derivative Works; and

(d) If the Work includes a "NOTICE" text file as part of its
distribution, then any Derivative Works that You distribute must
include a readable copy of the attribution notices contained
within such NOTICE file, excluding those notices that do not
pertain to any part of the Derivative Works, in at least one
of the following places: within a NOTICE text file distributed
as part of the Derivative Works; within the Source form or
documentation, if provided along with the Derivative Works; or,
within a display generated by the Derivative Works, if and
wherever such third-party notices normally appear. The contents
of the NOTICE file are for informational purposes only and
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(o1
do not modify the License. You may add Your own attribution
notices within Derivative Works that You distribute, alongside
or as an addendum to the NOTICE text from the Work, provided
that such additional attribution notices cannot be construed

as modifying the License.

You may add Your own copyright statement to Your modifications and
may provide additional or different license terms and conditions
for use, reproduction, or distribution of Your modifications, or
for any such Derivative Works as a whole, provided Your use,
reproduction, and distribution of the Work otherwise complies with
the conditions stated in this License.

Submission of Contributions. Unless You explicitly state otherwise,
any Contribution intentionally submitted for inclusion in the Work
by You to the Licensor shall be under the terms and conditions of
this License, without any additional terms or conditions.
Notwithstanding the above, nothing herein shall supersede or modify
the terms of any separate license agreement you may have executed
with Licensor regarding such Contributions.

Trademarks. This License does not grant permission to use the trade
names, trademarks, service marks, or product names of the Licensor,
except as required for reasonable and customary use in describing the
origin of the Work and reproducing the content of the NOTICE file.

Disclaimer of Warranty. Unless required by applicable law or

agreed to in writing, Licensor provides the Work (and each
Contributor provides its Contributions) on an "AS IS" BASIS,

WITHOUT WARRANTIES OR CONDITIONS OF ANY KIND, either express or
implied, including, without limitation, any warranties or conditions
of TITLE, NON-INFRINGEMENT, MERCHANTABILITY, or FITNESS FOR A
PARTICULAR PURPOSE. You are solely responsible for determining the
appropriateness of using or redistributing the Work and assume any

risks associated with Your exercise of permissions under this License.

Limitation of Liability. In no event and under no legal theory,
whether in tort (including negligence), contract, or otherwise,
unless required by applicable law (such as deliberate and grossly
negligent acts) or agreed to in writing, shall any Contributor be
liable to You for damages, including any direct, indirect, special,
incidental, or consequential damages of any character arising as a
result of this License or out of the use or inability to use the
Work (including but not limited to damages for loss of goodwill,
work stoppage, computer failure or malfunction, or any and all
other commercial damages or losses), even if such Contributor

has been advised of the possibility of such damages.

Accepting Warranty or Additional Liability. While redistributing
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 &2 Tt E ——yith-system—1ibffi & FAIS}A] &= Sk, £ SHH libfli &2 AR S A

o] W= g

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~ do] A A lib W o] YR Q= oA M=o ALE 4 qlow,
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Copyright (C) 1995-2011 Jean-loup Gailly and Mark Adler

This software is provided 'as-is', without any express or implied
warranty. In no event will the authors be held liable for any damages
arising from the use of this software.

Permission is granted to anyone to use this software for any purpose,
including commercial applications, and to alter it and redistribute it
freely, subject to the following restrictions:

1. The origin of this software must not be misrepresented; you must not
claim that you wrote the original software. If you use this software
in a product, an acknowledgment in the product documentation would be

appreciated but is not required.

2. Altered source versions must be plainly marked as such, and must not be

misrepresented as being the original software.

3. This notice may not be removed or altered from any source distribution.

Jean-loup Gailly Mark Adler
jloup@gzip.org madler@alumni.caltech.edu

C.3.16 cfuhash

tracemalloc o] &J&l AFR T = 3fA] H o] &9 8L cfuhash ZZAEE 7|ulo 7 ghr}:

Copyright (c) 2005 Don Owens
All rights reserved.

This code is released under the BSD license:

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

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

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

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

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS
"AS IS" AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT
LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS
FOR A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE
COPYRIGHT OWNER OR CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT,
INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES
(INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR
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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 BEE2 WU EE —-—with-system-libmpdec & A 3}A] &= 3, 2 3HE libmpdec 4~ AR

& AHgstol Meg

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|2E 2~ 9| E

The C14N 2.0 test suite in the test package (Lib/test/xmltestdata/c14n-20/) was retrieved from the
W3C website at https://www.w3.org/TR/xml-c14n2-testcases/ and is distributed under the 3-clause BSD license:

Copyright (c) 2013 W3C(R) (MIT, ERCIM, Keio, Beihang),
All Rights Reserved.

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

* Redistributions of works must retain the original copyright notice,
this list of conditions and the following disclaimer.

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

* Neither the name of the W3C nor the names of its contributors may be
used to endorse or promote products derived from this work without
specific prior written permission.
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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/sox-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 INCLUD-
ING THE WARRANTIES OF DESIGN, MERCHANTIBILITY AND FITNESS FOR A PARTICU-
LAR PURPOSE, OR ARISING FROM A COURSE OF DEALING, USAGE OR TRADE PRAC-
TICE.

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 IN-
FRINGEMENT 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
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
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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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sho] 3} o] WA
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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