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CHAPTER 1

AT M AR £
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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/

Extending and Embedding Python, Z!2|A 3.12.8

4 Chapter 1. ZZ M| AR =1



CHAPTER 2

MR =5 210] & 27|

/7 O -

A AL o] BEol A= AR =79 =2 glo] CoF Ct B2 == ol de Ayt o2
A0 C e e ARE e olE its, £ 2 EFE AFste MR ES e E S Th

e g&ych a8

1A 4S5 AUt A= NF A

O:

231 i
S 25 (extension modules) < o] W oA A A & 4 9=
g g 2H TES

F= TEL T AL, Cerol B g ot AJAE o 5232 9aUrth
2348 X Y357 Y3, sho] W API(Application Programmers Interface) = o] HELY A|~H o] U7 &
SRo] AL B 5 Gt B, 2R B WS A ES ATtk koM APLE A8 reython.nt &
23| C & hd e S3rg Yt
Y 50 A2 Al2ad AR R ohy gt o &3k & = o whet ohE U o 2R 8 W82 ThE Aol Al
A,

0 Fx

C 27 91E] 5] o] 2 CPythonol 1 51 53} ol, 31 252 THE shol 1l TRl A 25814 Sk oh

B A9, C 3L A5 e FAO R o] 442 HABHE Aol A5 FUTh o E Sol,
= )

Mg ARIZEC Bl Hefe] 5t N 2Hl 552 5 Jehel, A8 3 39 C LES AT
B4l ceypes BE o] Lhcfii eho] Hef 2] AL Tl of YLtk o] RES ALGSHE C LE S} I
o2 3t7] A3 vl W IEE AT 5+ YO C B RES YT AoAsHs 2unkshol A

T zbo] o] 414 o] & E5 Tk,

span(EE] 3o WE o] 7P Fobshi £4-) ol ehis 34 BES WE AT 123 C gho] el 4
system () ol th & ol 4 218 5 o] Lo e Y SR AL AR As
A58 VBFUTH Pelt o] G5 E The} 2o ol oA £ET 5 U71E Ak

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

o] gharofl th gt Qe H| o] 2 HE R E osoll o) v] EAFUTE— IHht T P gt oAl = A e E glF U o



https://cffi.readthedocs.io/
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spammodule.c 3 Y& ‘?}E% Ao &2 AN ZBAAI L. (A H 02, BES spamo| 2tal 3, S| T H S
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spammify.cd ﬂ%ﬂﬂr)

sdel A F 2L e 2otk

#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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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,

6 Chapter 2. H|&X} =3 gio| &% OHE7|
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exception instance, and a traceback object. It is important to know about them to understand how errors are passed
around.

Jho] 7 APl th et 9 9] o8] & A8t AT o8 € Aot
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When a function f that calls another function g detects that the latter fails, f should itself return an error value
(usually NULL or -1). It should not call one of the PyErr_* functions — one has already been called by g. f s
caller is then supposed to also return an error indication to 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.
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(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.)

Afst g4 322 AAE A& ‘j*]%}ﬁ ,PYErr_Clear () & 3 &3] o8] AL YA H o2 X]
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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| DT A N E AT FE YT oS A3, AN A 0T 5k Al S R HH AA W5 S
A g ok

[static PyObject *SpamError;

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

PyMODINIT_FUNC
PyInit_spam(void)
{

PyObject *m;

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

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

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

return m;

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

Note also that the 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);

2.1.3 O|MIZ2 Z0}7t7]

ANA| T2 SOt HA, oAl A EL o] 2= ol D = ol oF Futh:

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).

e EFL YA 4 system() & 52|, PyArg_ParseTuple () oA 4 Ex}E & AL th
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[sts = system(command) ; ]

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

[return PyLong_FromLong (sts) ; J

o] A%, A% AN NBGUTh (o, AFEAE shol Aol At Y o) AR Y Th)

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< 5= T} A None ] C o] 5 U th oA Hok% o], th 2] 3 A] «“of 2”& ot
NULL 3Z Q18] 7} oy 2} 11 &} upo] W AR Yy o}
214 DEQ HAE H|O|ED} =7|5} &4

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

static PyMethodDef SpamMethods[] = {

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

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

Al A 35 (METH_VARARGS) o] o 3t Al 2. o] A2 AE|Ze|H oA C T A E T2 32 &
FE=Z gyt dutad o 7 A METH VARARGS W METH_VARARGS | METH_KEYWORDS & ofF U T}; 0
2 Bl AMSE A 9= PyArg_ParseTuple () §13 o] ARG 2 9 v U Th

METH_VARARGS RF /‘F"j‘ o, 3= vhol X & w7} W7t pyAarg_ParseTuple () & & 8 7 A1 0l
Sl 8E s REE AEE AR 7Yl o 5“4‘3} o] Zhapol o gk XA gt A K= ofefof] AlFH U th

The METH_KEYWORDS bit may be set in the third field if keyword arguments should be passed to the function. In

this case, the C function should accept a third PyObject * parameter which will be a dictionary of keywords. Use
PyArg_ParseTupleAndKeywords () to parse the arguments to such a function.

A= Elo] B 2E o) TRA oA F2E ofof Ptk

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

J

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)
{
(Th= o] A ol A1)

2.1. CL} C++2 TIO|™ 25517 9
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return PyModule_Create (&spammodule) ;

(o] sl o] A ol A AI)

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

When the Python program imports module spam for the first time, PyInit_spam() is called. (See below for
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. To add the module to the initialization table
optionally followed by an import of the module:

, use PyImport_AppendInittab (),

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

{

wchar_t *program NULL) ;
if NULL)
fprintf (stderr,

exit (1);

Py_Decodelocale (argv[0],
{

"Fatal error:

(program

Vs
if

Add a built-in module,
(PyImport_AppendInittab ("span",

before Py Initialize */

PyInit_spam)

fprintf (stderr, "Error: could not extend in-bui

exit (1);

/*
Py_

Pass argv/[0] to the Python interpreter */
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
*/
PyObject *pmodule
if {
PyErr_Print ();

imports it.

PyImport_ImportModule ("spam");
(!pmodule)
"Error:

fprintf (stderr, could not import module

PyMem_RawFree (program) ;
return 0;

cannot decode argv[0]\n");

-1) |
1t modules table\n");

'spam'\n") ;

0 Ix

sys.modulesOlA FFS AAFAUY Z2A X oA HAoldd RES o2 JHZZHE JXE
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T AZ- YL oA 2 7]} o 3 2FA| §F U] 82 PEP 4898 X314 Al L.
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F A2 Z 9 Modules/ T A E B o 31 (& £ 0] spammodule.c)S =1, Modules/Setup.local
gdof] 2o IS 7t TFES FUHIAIL

[spam spammodule.o }

2] 3 49 O e 2ol A make & AW sto] B = )6 ThAl WEFAA L. Modules/ A H T H
2ol Al make & A T 5 917 %, WA ‘make Makefile’ & 419 310] Makerile ThA] M =] o g,
(O AL setup AL W AT wvieh B2 ch)

v

Bgol 93g F7tetolB 7 dostd, o] A% 74 9td e S0l tEE =+ sy A€ Eo:

[spam spammodule.o —-1X11 J
2.1.6 CO|A mlO|M &t SE517|

A F7A] oo A C - E TET 5 A= F o=t IS UTh L R {83 oh CollA
shol 1 T B2 7). o] AL 53] “EU” 4T A Aok 2hol Hele)e] 7-$-ol LRI C 2l 3] o]
£} 2 A IE, FE U o] AL FF whol A =2 1 jo] Al 2 o] AUZE AT orE B
Y5Uh 7L C AN shol 8 29 §4F SEoF Tk e T AT 5 Az
t}3 3], gto] AW AEZ e AAZ SR gA S5, Fo] A T4 &3 T I )27 A
ST (54 2AYS AP sold A E 52 ek ol el A the A BAS T — 2ol
Jthd, 3po] W A FEo|A] Modules/main.c —c B & FA TS AT HAA Q)

glol W F42 T &7 = 5 Uth WA, Fo|W 2 WL o]ju A E o gl Roj A o] T4 AR S
Agdafof FUtt o] & A8 T (Ev th2 AdHIA o) E AlFafoF ULt o] & o, A
A AL (Ee oeldo] H7)o A@s 3 ojrjofp ol stol A g AA of st 2AEE A AL
(Py_INCREF () 3| of &}= Aol FY A D). & 5], thx & 5 Y9 dF Y4 5 A5yt

static PyObject *my_callback = NULL;

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

PyObject *result = NULL;

PyObject *temp;

(Th= sl ol Al ol A1)
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(o] sl o] A ol A AI)

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

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

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

}

return result;

J

This function must be registered with the interpreter using the METH_VARARGS flag; this is described in section 5
E9| WA= | o] &3} 7|3} <. The PyArg_ParseTuple () function and its arguments are documented in
section =} gk of| Al wlj 7 ¥H %—%6} 7.

U} =L & py_XINCREF () @} Py_XDECREF () = AA Y ¥ % 345 Z7W 74X 718 nuLL ZAE7F 9
FAFY T (ZLE o] EH ol M remp= NULLo] obdoll fo B Al 2). A A = Bl o o] of T &k A}A &
AE 7 JF YT

usol, 4 328w, C &4 pyobject_Callobject () % TEdUH o] Folle F RS AR

i, 2 192 sol o ARl & F IS QU k: Shol W G0} 1 B5. A5 5e G4 Aol 7]
Aol -2 58 Adlolok Tch. 9 o] ol F4E TESHIR, wizol W FEL AL

A2 el AR E T2, & BE FES QTSN L, by_buildvalue( £ EW BRG] BE

Apolol 07) o] o] EW F =2 T S w) FES VBT o E B!

int arg;

PyObject *arglist;

PyObject *result;

arg = 123;

/* Time to call the callback */

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

result = PyObject_CallObject (my_callback, arglist);

Py_DECREF (arglist) ;

PyObject_CallObject () & 3} ]W 7“iﬂ ZAHE WEIFY
Yt} PyObject_CallObiject ( ol A} e} F St “F R
PyObject_CallObject () & ﬂ?— Py DECREF () 5] = 0l x} 2=

PyObject_CallObject () & ¥ ZF-& “Aj A” L th: &3] 22 A A o]
AA A ot E}F/W,?ﬂ"%‘ Aol A8t = 2ol obd 5&, AAH(EE]) 2
Py_DECREF () &f o 1]t}

a8, o] YL 5837 Aol ukE gho] nuLL o] obd 2] BHelsl oF g th 1Etiy, so] A T4
oA E LY A A T53H A YYT} Pyobject_callObject () 2= C ZET} JJr°]2‘i°ﬂ/ﬂ SEHd
o] Al sFo] i%Z of| Al o & FAIE W33, A E Z 2] H 7}"‘5“ EfolAg AN AY S8+ 3t
ol AETLAE AT 5 JEF FUTE o] A o] Bt AL v A 812 ¢ O W, pyErr_Clear ()
£ 33t A& APt o o

i ot
al

if (result == NULL)
return NULL; /* Pass error back */
.use result...
Py_DECREF (result) ;
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35 A A3 22 AEH o] A E F3l Sto|xl =2 T30 A
= =, oz &
< py_Buildvalue ()
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PyObject *arglist;

arglist = Py_BuildvValue (" (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) ;

£ 235, o] A7 Aol py_DECREF (arglist) 2] Wl x| o] 52 4 Al 2! =3
AstA ol Fol Al L: Py_Buildvalue () o W2 2|7} £5T 5 Qlof

2]
3} 5]

S} 1Y = JAAE A Y3F+= PyObject_Call () & AFE3I] 7|9 = AR A= ErE ST T2
Y i3

th $19] oo A e} Z o], py_Buildvalue () & AHESto] AU E 74

PyObject *dict;

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

return NULL; /* Pass error back */
/* Here maybe use the result */
Py_DECREF (result) ;

2.1.7 EZ S0l M O47] Hp =S5}

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

arg A Ab= mho] WAl C 2! ol 234

T2k ol of oF 3t H, & 3}o] {/C API & 3 2 v 57 & ] arg-parsing o] A= o] Utk U A
= F .
3

A= = EArg ol o8 Fo] 2AH = WY Faolor gyt
PyArg_ParseTuple () & 3to] A Q127 @ FH = P AA] RAeHARL o] AGH CHF T4 G 8
e AT e JdsUTh A4S oY, T2 FESFAU Hole vRele] 4o HES dojHu Utk

a8y 24sHAA 2!

T EAN A A FEH = B ol AR FRe AH-2 (borrowed) FZ Yol 723 AL,
Z o] A P Al L]

=
2 7HA oAl 5%

Y
BN
> G
o
]

#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;

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

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, "1l1ls", &k, &1, &s); /* Two longs and a string */
/* Possible Python call: f(1, 2, 'three') */

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

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

f('spam')

f('spam', 'w')

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

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

2.1.8 21 &t E 2|6 7|1 E o7l H4L

PyArg_ParseTupleAndKeywords () &5+ 23 ZHo] A AFH Yt

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

~

arg 2} format v 7)) 4= PyArg ParseTuple() ot =AUk kwdict 7)) W= b ]”Kﬁ AErY
oA Al A w7} Mer A" g g Uk kwlist i) A i) RS A sk &
Ao nuLL T8 FE U o] 5L &N LEZOR formar®] B Z*EE} U= ?:Mﬂ‘r 358k,
PyArg_ParseTupleAndKeywords () + S WiEst, 282 ¢koy ﬂ w3l sl a1 A A Sk of| 9] & W
A Z
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0 ix

ANE AAE ST W) FHY F2L PERAT 5 QS UTH kulisrol] Q= 719 = A W7}
AGE A TypeError = WA A

TF2-2 Geoff Philbrick (philbrick@hks.com) 2] S| A& 7]|WtS. 2 3t 7|9 =& ALL-3F+= A REYYTH

#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
A chreer
*/
{"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

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

2.1. CL| C++2 IlO|'M &Z&517| 15
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2.1.9 @lol9| gtg F=3517
o] &=+ PyArg _ParseTuple () & ¥t dy o} th-23} Zo] AAF Ytk

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

Pyhrg_ParseTuple () o A Q415 & A7 fA £ 09 AFL ANSA T, AXH(@ 2] 2 o] o}
o} 1841 It T 211 ot obu] o of 4101 oF HUICh. 1ol Aol 5291 C ol e
A Al shol W A4 & Wk T,

Pyarg ParseTuple () 7] & 7bA] Aol : FAH: R WAl 9157 T ol ofof s uk (ol @ A1 52
P URACR FE2 EAH 7 W2 IUTh, oy puilavalue( & B4 FES WAL b5l
iBH AL F ol 2 B9t 23E AU FES AEFUE W FxpE o] v]o] oW
NoneZ WH&H3tUTh B 2H5] shute] W 9] & 2o, 22l o] Flold s £ &9 7} 7=t A
AL WEGUTH 27710011} 19 FES ZAZ MARES shelw, LU FAAL BT BOAA S
NA (AEFL TE0]1L, L8EL A7 gho]A g yrh:
Py_Buildvalue ("") None
Py_Buildvalue ("i", 123) 123
Py_Buildvalue ("iii", 123, 456, 789) (123, 456, 789)
Py_Buildvalue ("s", "hello") 'hello'
Py_Buildvalue ("y", "hello") b'hello'
Py_Buildvalue ("ss", "hello", "world") ('"hello', 'world')
Py_BuildvValue ("s#", "hello", 4) 'hell'
Py_Buildvalue ("y#", "hello", 4) b'hell'
Py_Buildvalue (" ()") ()
Py_Buildvalue (" (i)", 123) (123,)
Py_BuildvValue (" (ii)", 123, 456) (123, 456)
Py_Buildvalue (" (i,1i)", 123, 456) (123, 456)
Py_Buildvalue("[i,1i]", 123, 456) [123, 456]
Py_Buildvalue ("{s:i,s:1i}",
"abc", 123, "def", 456) {'abc': 123, 'def': 456}
Py_Buildvalue (" ((ii) (ii)) «(ii)",
i, 2, 3, 4, 3, 6) (1, 2), (3, 4)), (5, 6))

21.10 &=x sl

Cup C++ 9F 22 A ofoll A, oA me]o 54 & ol Al ob= A2 —Li——’—aﬂﬂﬂd Gyt
Coll A=, malloc () & free () & /‘]'3"5}04 ]X—} ‘H%Lq;]. C++ol M=, A4FA}F newst delete
cBEdAor 22Uz AGHY fEl= FfuEs =95 CY B2 AEs s Ut

Every block of memory allocated with malloc () should eventually be returned to the pool of available memory by
exactly one call to free (). It is important to call free () at the right time. If a block’ s address is forgotten but
free () is not called for it, the memory it occupies cannot be reused until the program terminates. This is called a
memory leak. On the other hand, if a program calls free () for a block and then continues to use the block, it creates
a conflict with reuse of the block through another malloc () call. This is called using freed memory. It has the same
bad consequences as referencing uninitialized data — core dumps, wrong results, mysterious crashes.

95} &
o A
qe >

HEE F5o dutddl 9Ae I8 Fhu|AAAA A2 YUt & o, e vEY EES
sdsla, o] A4S 3 ok, %%% CHA] sl Al 2 <= 2175‘/]"4‘ o] A| ol T gtk 8 Abglo] H A 5 of
ofg] 2A4& ZA 3= A4t tist AAE F718ta g7 279 HP@r%‘—’F UEZ FYth o] 27
922 P u, 53] Yo L= ?—7}9 o, ﬂ“*ﬂ Uﬂ gl 52 A A= doiH e 7 A5
Utk o]yt re 4 HEA X 5 A5G FAH A GFUth oy e AA 22y I
BRAAT o] F oA, f LE o] H Al AladH = B2 7 2 g7} %loi/ﬂ, T ot g5E A S
Abgehe 2o AYEE Z2 A 2T R P%E}JHDP webA, o] d F7{ 9 o2l S ZY F o
AgS 3l =57 T A] A5 ot 2ol T 87T

Ito] W& malloc () I free () & Wol ARESL7] wfFoll, Wl 28] o Al E W28 AHE-S I3t A
o]l B g3t A8 WS IR 314 M| 7] (reference counting) E‘rl shych dge gyt e
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ARl A2 EE E UL T AL e AR T2 A2} o 9 7bol A48 ) S5, 224
o Zra g oh 72 E 0o =Eeke, ARl o B vl Rk AAE o] o AR 7 s A E Ve,

YA Ak 25 71 A =3 (automatic garbage collection) ©1 2+1l TU T (W 2=, FZ 3l M| 7| & 78] A
X Aol siA, F 7 & RS H8 “AHs " 295 Uth) As 7H) A /\73-/] 7]';31’?_1 382
A A7t free ) B BAA SR T2 ot vk AYUth (E oh2 FFEH o] 2 S x v R e
AHg- o] 7 d o] A vk — o] A2 A 318 AR o] 01’”‘4‘:]’) dH2CY A = 9“1"‘1]7]‘_ o] 2143 AUA

L = S W

T AR (e malloc () H free () EASE 9= & — o] C EFo] HAZYL), AA=
o] A4 Sl A 7Hal A =377k ks AUtk AAZECE A3 S35 o144 = AE 7HH Al
THNE AT AE AdUnh 2w 7R, 2= FE Slaeh A dokop & Ad Yt

shol e AEAN Fx A% A7 TAS ASIAT, B2 < HS FASE £ 8 2A 7 = AF G,
o2 59 $§ mE AL APAe] A A 3 F2E REL Z(]Z o] FE AT AL ]
TR 7 A 249 FA G Thel sl A5 sobE FUTh Ax £ BE (AW A 0E) A4
of Tl 2 E ZUSE AR FAF A, #3924 AA L 00] oy Fx A2 AHYTh JubAdl
Hz A5 A7) FHNA L 2B AR Ne 371 F2} rieke B2 28 AR 0] Sobe vz
s3] S8 Aol A 22 E VRS 55 4 gt

The cycle detector is able to detect garbage cycles and can reclaim them. The gc module exposes a way to run
the detector (the collect () function), as well as configuration interfaces and the ability to disable the detector at
runtime.

Lo MollM FZ= Bl M7

1>

Fz A5 2719 B2 E AEsts F A WA py_INCREF (x) & Py_DECREF (x) 7} Q<5 U th
Py_DECREF () & 3 57} 00 =23t AA & A 317 = Fth %ﬁ}‘é% A8, free) & A T2
2 FsUth— A, AR L AA (type object) o Y= T £AHE 53 £ FUh o] B3 (Y
7Ieh < S8 € AAole g 3 AA o ht 28 = 23 %MD‘r

o)A & AR o] Y&ttt AA Py INCREF (x) 2} Py DECREF (x)
2M3AF UL bR = AAE “AF(owns)” A H Ut | I
reference) & 4= YFUTE A F=x 3¢+ o)A o] 7“21101] o3k )
2FAe He F27F 285k %}—.‘—3-_ o py_DECREF () & T =3 ]:sh,];} 7424 i%?ﬂ% 3t 4

=
AHsUTh 2743 F2E A= Al 7HA] W o] "“HE} A, A4 4 py_DECREF () £&. 273
Az E A 5317 mﬂfﬂ 2 2] 7k ey o)
AA o o 3 F 2 & W 2] = (borrow)” A X 753Ul Z=22] of of 2 (borrower) = Py_DECREF () & & &
A= ok F Uk o= 2 *%Z}ED}E% 28 AAE EfoldE Ut 2afA7 AHES &
98 322 AR5 A W22 S A2 93 o] JojA A F3)of ).
2z afol M u %1“471«1 V)AL FAEE S /53 RE AR A FXE XNYT FL7} o=
AU — &, 182 Z2E ALEE 27 8 Aol %*4 8ol f5Uth 273k Aol vlsl
= Ao gge, 2 7101]% SHlE FEX T WHE L FATTAAZE FZ2E AR Fo Uy
F27FAEE 5 = nE3 A o] gtk AYyth
98 32 Epy INCREF () & 3E3510] 2743 F22 13T 4 5yt o= FxE 182 47419
Zefol] 43S XA Ut — 22 A% A2EVEL, AT LA A Y-S HoAFdUT) (o] A
2FAHE T oY 2h Al &2f 2 FRE gntE A AR oF gyt

v
i
ol

AA ] st F2E Bt HEEY T+ T2 34 2542 A
PyLong_FromLong () ©] Y Py_Buildvalue () 2 22 Af =2
TR AN A AU TH AA 7L AA 2 A BA] 7)o

% ‘?:]"f:,—\q D]- Oﬂ'% %Cﬂ, PyLong_FromLong () —% ;é—-
Fzewwd s U

B Jo
Lol
o 44 o

) 35 el borowing” £ A5 B2 YEUck £F 4L U5 B L8 A0 G
33z 312427} | o] Abel %] &0l AT 7} A 9L

A& 5 glgyiTh
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SE AANA AANE FESE B BEE H2 YA 28AE ALY AE o
PyObject_GetAttrString(). Z# U @ 72 AubA ol Z €l o] o ¢ o] 7] HH—roﬂ a3 o] W§EEt A ok
S YT PyTuple_GetItem(),PyList_GetItem(),PyDict_GetItem() % PyDict_GetItemString() <
BT RE faE mE g elolA U 22 wag ok

U3t 458 B2 7} oye.modutes o A 2E o] 97 rmfoﬂ 75yt

AR ARE = g4 qﬂwa@mmmoiafuqa%gigag
s oF 5, py _INCREF () & AFESt] 9 £2-F A7
PyTuple_SetItem() ¢}PyLlst SetItem(). 0]§§4>§§é}PQEiL_§}§}Q]EH
A5t 85! (PyDict_SetItem() 4 1 AFEL 4AF4

o
CUG7 ol ol T22 ), SE42VE ¢ Aol TP F2E

kfl
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o
44
)
=
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ro NN
XN,

el ot &A=
HzE 273} NHEOﬂ e g e “#7} ke wj 712] RAdg Ut o)yt i R E A%
6}7%1% A DL311 oF & ujj ¥}, py_INCREF () & i%‘a}ﬂ A Fx 2 wEojok gt

Jpol oA TEH C oA itdd AA Fxe 2Fd Fx2oob Tt — 2fd2 oM =24

ZAgg Yt

PN Joi K=1

=220

Zuo) B A G2 Ago] BAE D0 5 AE B A Ao dFUTh JAAEL BF
Bz EREES 5% 3 el ﬁéqw

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

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

it

ol g WA Liscro] ol et F2E Ud thF, list (1] FHoo2 v, v to g WY Fx
A gk Falsl Kol A 8?2 shA vk 1A U TH

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 defineda _ _del__ () method. If this class instance has a
reference count of 1, disposing of it will callits __del () method.

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

AL gds ¢ v, sl E 2 deunth: dAH R B2 A E s SHE WA

LS,
Tt the T 2a o

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

Py_INCREF (item) ;
PyList_SetItem(list, 1, PyLong_FromLong (0L)) ;
PyObject_Print (item, stdout, 0);
(th= sl o] A of] Al)
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Py_DECREF (item) ;

(o] sl o] A ol A AI)

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 -+

Ve Fxo FA7Fd+v F 98 A9 2des) 39 dd gy dubd oz, sto]H e AA
AA TS Bots A9 o] QlojA], stol# QA ZEH o o8 ag =+ v A5 Zdd 7]
= T Utk 284, "3 E py_BEGIN_ALLOW_THREADS & AR&3te] o] £& YA A 0= )| A3}
Py_END_ALLOW_THREADS & A}-& 3}l thA] & H T 4 95 Yttt o]= BEE 7 /0 T &0 A £3d|, VO 7}
42572 0 SAHE ANEA T2 AAE AET 4 AES FUTH B3], 0h ot o] A
Hoe} 2o BA 7L 95Uk
void
bug (PyObject *1list)
{

PyObject *item = PyList_GetItem(list, O0);

Py_BEGIN_ALLOW_THREADS

...some blocking I/O call...

Py_END_ALLOW_THREADS

PyObject_Print (item, stdout, 0); /* BUG! */
s
NULL = QIE
Quihoz, Az FEE AAE ASE Pt v TAHE ALY Ao JdeA) Fon, 137
a8 2ol & Yu gt (L o 79 To] Yz E FAFUTH. AA F2E VB B dAoR
of| 2] 7} A 5= VFEFW 7] 918 A v nuLL & RER Y T NuLL RIS AAMSHA] 9= o= E sl
%% A4l o] WLe A B ThE fo] AR Bl E AU — 7 B4 b i € AARTE, 5 A4
wrol W43t ek o mel A A E
NULL Y = = ZAE 7L FAE uff “aa” o A ThNnunL-g HARHE 2ol 5 YT dlE 0], malloc()
o o 9] & WAL ¢ = ol A
] = & py_INCREF () &} Py _DECREF () = NULL Z B & AASHR ¢S5UtT — A9 159 A
Py_XINCREF () &} Py_XDECREF () &+ 8913y
53 AA g 2A5H7) 9@ W2 Z (Pytype_Check )& NULL E A E S FA34A] gt — oA,
o] 7ot Foll sl AAE AASH7] 93] A& A o] 55 o] W T &= T =7 WotA, 55
A7 AR DU v A4S s W R L gadTh
CIF 32 vAYUES2C ol AL AR EF (A oA & args) o] Aol nviro] opdS BT —
AR zE R4 FEYL BATT.
NULL 32 Q1B & Fho] A ARG Aol Al “mh A U 7HA” e = 212 A Zbsk ol J Yt
2.1.11 C++ = 2t 2HM517|
Crrz 874 BES AT 4 d&vth Q8 AT Aol 489 th W9 2213 (vhe) A AE|z )
o] C st el 2 A9 1 B2 W@, AR} s Aol B A (statie) A A E SR 5 GEU T,
Wol 2 o) Crr P e 2 P27 Aol BAI7LH A ekruich. shol 4 Azl E 7l 52w
T (53], BE 2713 &) = extern "c"E AREEF A ABoF FUTh extern "c" (...} E FolHA
A 2 Fe Z8E YHFUT — _cplusplus 7S 7F A H WA (RE JA C++ AL e 7t o] 7|5 &
Ao gey oln o] 84 AT,

teodE” 28 Y TE F AL AL T u o] BT B FAHA GHUTH— o] AL A3 71E ZE oA Yol AP U Th
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2112 2 D EE 2|6 C API X357

Be 3 B 5L kA sho] Mo A AL 2 F40t F S A2 vk w7 g RE] AEsTHE
FF BE FL8 5 YHULL S So], FF REL &4 Qe gPrEXND RS “AAM” S
T8 4 gHUrth BF Fto| A B 2E §o| 3 REo] PAEES ST 228 4 917 8t C API
7 e AAY, o) A2 AAM ol o2 FF BREA A 2ZE 4 9= C T4 FA o] gojof
)t

Aol o] AL 2 AAH HAUth A &5 A4Sl (88 statica AAHA 1), A A3 & H

st S Al5skal, CAPIE AUtk AHd o] A2 2 & &4 gl

Faso Jod Ayt 21U RES

BEEoA HolA ¢k& & Asuth 7HAA
I

shol A QIE Ll B 9 RE 873 REO shte] A9 o] & FUL AL WH (] Sof A9, B
AaEe BE Y3 A0 JEE & 7150 35S A HOR 8T8 AIXF} S AU,
o] A F ABT 5 UEE FUTHHRRE) #92). £/ 54 A2 02 Holtjehs, EE5 eI+
58 /13 RE| ob4 2EH A FRL 5 AFUTH

webA o] A Aol 715 7FA Aol sl 71 31A] ¢
SES stz REY 273 A E AT FF REY RE
Yok (A 250 wA = B o] 2735} Tl A

HA 2 ofrt Bt 71T 5 ThHE WA 02 wE ol of 32 o m| T

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.

374 ES) CAPIE =23t o A6 ASSHE Pols o g A4 7 A5 7 857 %
A& AAL, BECAPLEAE A 3D W Ge) F45 A2 ANT 5 )
A Al e T AL LEE Ao BEH 2ol dE BE 7

9% Ut

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 378k o AHEE = RS0l ohe 7 2o we) o] B2 A A sl of Fuirh:

[modulename.attributename

9] &4 pycapsule_Import () & A3l H AL S8 Al 3= CAPIE gA 25 & 4 9 A4
o]0l o] &3 AT wivt ZTFF YTt o] T2 CAPL ARG AL Al A4l o] 2= 3 g ol &nt
API7} 35 o] itk Bl 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 APL.

fu o
O

The exporting module is a modification of the spam module from section 7+F%+3F o], 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 static like everything else:

static int
PySpam_System(const char *command)
{
(TH5 sl el Aol A<)
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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);

BES AF REOA, TS & vl 2 T2

[#include <Python.h>

R R a3 AREE

#define SPAM_MODULE
#include "spammodule.h"

#define2 3| T] u}do] FElo]AdE REo] old YHY
How REY 273 FTECAPIEZIH & =

299 Fele vl AS R YT vy

PyMODINIT_FUNC

PyInit_spam(void)

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

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

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

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

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

return m;

Note that PySpam_APT is declared static; otherwise the pointer array would disappear when PyInit_spam()

terminates!

2.1. CL| C++2 IlO|'M &Z&517|
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#ifndef Py_SPAMMODULE_H
#define Py SPAMMODULE_H
#ifdef __ _cplusplus
extern "C" {

#endif

/* Header file for spammodule */

/* C API functions */

#define PySpam System NUM 0O

#define PySpam_System RETURN int

#define PySpam_System PROTO (const char *command)

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

#1ifdef 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 1if 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) */

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

PyMODINIT_FUNC
PyInit_client (void)
{

PyObject *m;

(TH5 sl el Aol A)
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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” .

uebA, A P Ao, A F AAE THEoloF Fu

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

0 ¥z
1719 EA 3 A2 A A (vaic) Y Ao e AFAL P R §uo) A7
sof FI T C APL: 5 8 pyType_rromspec () 348 AH3te] 9 B2 239 49 & 4 A5y

thet, o] A A oA = B A syt

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

typedef struct {

PyObject_HEAD

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

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

.tp_doc

.tp_itemsize = 0,

(TH5 sl el Aol A<
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.tp_flags = Py_TPFLAGS_DEFAULT,
.tp_new = PyType_GenericNew,
bi

static PyModuleDef custommodule = {
.m_base = 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

oJ A= st WHof mjof & A o] WA g, o] A F3} vjsl Ho| 7] & upgyth o] 3td2 Al 7HAE AT
Ytk
1. What a Custom object contains: this is the CustomObject struct, which is allocated once for each Custom
instance.

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

3. How toinitialize the cust om module: thisisthe PyInit_customfunction 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.

0 #Fx

PyObject_HEAD | I E H o= Mu]E& 9] glsUth A4=2 F7lek= A FYsIAA L &7 A3}

Y
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typedef struct {
PyObject_HEAD
double ob_fval;
} PyFloatObiject;

= R AL § AR ) Aol U,

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

bi

0 #Fx
A7 2] 9= BE PyTypeObject EE UEFA G B= A XS AF 2% ggogwd,
219} Zo] €99 2~} ] A v (designated) = 7] S}AFE AR 3= Al o] EHU T

object.holl A& PyTypeobject 9] AA| Fo &= 99 HYHti o F2 =& Z+5 Yt
cHALHA g 0oz AYA W, B 3HA| ko YA FH o2 X H3HA] ¢ F o 2

vlo] @ WEA e e n g

[.obfbase = PyVarObject_HEAD_INIT(NULL, O)

o] 22 A olA AF T ob base BEE 27]|3}517] 93 B FEF AT

[.tpfname = "custom.Custom",

2] Fof o] 5. o] AL A9 7| E HAAE I} K o wA A o YR UT o & S0t

>>> "" 4+ custom.Custom/()
Traceback (most recent call last):
File "<stdin>", line 1, in <module>

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

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

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

This is so that Python knows how much memory to allocate when creating new Custom instances. tp_itemsize
is only used for variable-sized objects and should otherwise be zero.
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If you want your type to be subclassable from Python, and your type has the same tp_basicsize as its base
type, you may have problems with multiple inheritance. A Python subclass of your type will have to list your
type firstinits __bases__, or else it will not be able to call your type’ s __new__ () method without getting an
error. You can avoid this problem by ensuring that your type has a larger value for tp_basicsize than its base
type does. Most of the time, this will be true anyway, because either your base type will be object, or else you
will be adding data members to your base type, and therefore increasing its size.

We set the class flags to Py_TPFLAGS_DEFAULT.

[ .tp_flags = Py_TPFLAGS_DEFAULT,

BE L o] 455 Fe) o] LT oF FUTh ol % ol 33744 AW BE WM E BT
Z7h w7t Bashe, S e 18 OR s oF itk

[.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 *) &CustomTIype) < 0) {
Py_DECREF (&CustomType) ;
Py_DECREF (m) ;
return NULL;

J

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

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

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

[build-system]

requires = ["setuptools"]

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

name = "custom"

version = "1"

in a file called pyproject.toml, and
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from setuptools import Extension, setup

setup (ext_modules=[Extension ("custom", ["custom.c"])])
£ setup.pydhe ¥ Y& o5 Th S
[$ python -m pip install . ]

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

a8 o8 k5 Ut 18R ghR?

22, A Custom P& 18 Tu]Ex] dUth tlolE 7 911 ol AT 3R] oksUth A E S 4z}
3 2= gl
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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, custom2 that adds these capabilities:

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

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

} CustomObject;

static void
Custom_dealloc (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;

(Th= sl ol Aol A1)
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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;

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

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

return 0O;

static PyMemberDef Custom_members[] = {
{"first", Py_T_OBJECT_EX, offsetof (CustomObject, first), O,
"first name"},
{"last", Py_T_OBJECT_EX, offsetof (CustomObject, last), 0,
"last name"},
{"number", Py_T_INT, offsetof (CustomObject, number), 0,
"custom number"},
{NULL} /* Sentinel */

bi

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

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

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

bi

static PyTypeObject CustomType = {
.0ob_base = PyVarObject_ HEAD_INIT (NULL, O)
.tp_name = "custom2.Custom",

(TH5 sl el Aol A)
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PyDoc_STR("Custom objects"),
sizeof (CustomObject),
.tp_itemsize = 0,
Py_TPFLAGS_DEFAULT |
Custom_new,

.tp_doc =
.tp_basicsize =
.tp_flags = Py_TPFLAGS_BASETYPE,
.tp_new =
Custom_init,

.tp_init = (initproc)

.tp_dealloc = (destructor) Custom_dealloc,

.tp_members = Custom_members,
.tp_methods = Custom_methods,

bi

static PyModuleDef custommodule = {
.m_base =PyModuleDef HEAD_INIT,

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

bi

PyMODINIT_FUNC
PyInit_custom2 (void)
{

PyObject *m;

if (PyType_Ready (&CustomType) < O0)
return NULL;
m = PyModule_Create (&custommodule) ;
if (m == NULL)
return NULL;
if (PyModule_AddObjectRef (m, "Custom", (PyObject *) &CustomType)
Py_DECREF (m) ;
return NULL;
}
return m;

(o] sl o] A ol A AI)
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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 FEA L e 2ol AAF U

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

} CustomObject;

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

olA e dlolE 7t A7) wiEoll, AA dFt D S A ol &3l B = AFSl oF .
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static void
Custom_dealloc (CustomObject *self)

{
Py_XDECREF (self->first);

(TH5 sl el Aol A)

2.2, g3k Mol5t7|: A& M

29



Extending and Embedding Python, Z!2|A 3.12.8

(o] A | o] A oA A A %)
Py_XDECREF (self->last);
Py_TYPE (self)->tp_free ((PyObject *) self);

o]+ tp_dealloc WH ol b Ut}

[.tp_dealloc = (destructor) Custom_dealloc, ]

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

0 2z
CustomObject * AAXE FHI}E S Custom _dealloce ALY MA T, tp_dealloc T4 EQAHE=
PyObject * QIAE W& 21 o7 74U 3}7] ] Fof $]9] destructor 2] WA A N2E7 H Q3
Utk 294 o, Aapd ol A Az 2t o] A o] C2 sh= AA A% b 4 dytH
L) A3 ol gl Wl BAYE 2785 £ S 53 Qo] M, tp_new TAL A FH Tk
static PyObject *
Custom_new (PyTypeObject *type, PyObject *args, PyObject *kwds)
{
CustomObject *self;
self = (CustomObject *) type->tp_alloc(type, 0);
if (self != NULL) {
self->first = PyUnicode_FromString("");
if (self->first == NULL) {
Py DECREF (self) ;
return NULL;
}
self->last = PyUnicode_FromString("");
if (self->last == NULL) {
Py_DECREF (self);
return NULL;
}
self->number = 0;
}
return (PyObject *) self;
}
2283 22& tp_new HH o A AT
[.tp_new Custom_new, }

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

tp_newe U2®2 3 H = JME S22 3 FH W, BEEA] customType ¥ B2+ YF Y
that gol g v dgd B AV AL, o Jd2dAE wad Z o= 7dig vt
tp_new A 2] 7] @4 X 2t 719 = AAS Dol ol A v, FF AAS FAISHAL A A A 2 S 2718} (
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[self = (CustomObject *) type->tp_alloc(type, 0);
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If you are creating a co-operative tp_new (one that calls a base type’ s tp_new or __new__ () ), you must not

try to determine what method to call using method resolution order at runtime. Always statically determine what
type you are going to call, and call its tp_new directly, or via type->tp_base->tp_new. If you do not do
this, Python subclasses of your type that also inherit from other Python-defined classes may not work correctly.
(Specifically, you may not be able to create instances of such subclasses without getting a TypeError.)

AXRAY ZAZES AlF ok AAE Holsol= 273 T Fodth:
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 O;
}

O)AO R tp_init EFL ALY
[.tp_init = (initproc) Custom_init,
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The tp_init slot is exposed in Python as the __init_ () method. It is used to initialize an object after it’ s
created. Initializers always accept positional and keyword arguments, and they should return either 0 on success or
-1 on error.

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

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

Aol AL YU T 2] e riree WA Y AU ghobd, BE S5 AA7 D 5 )
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static PyMemberDef Custom_members|[] = {
{"first", Py_T_OBJECT_EX, offsetof (CustomObject, first), O,
"first name"},
{"last", Py_T_OBJECT_EX, offsetof (CustomObject, last), 0,
"last name"},
{"number", Py_T_INT, offsetof (CustomObject, number), O,
"custom number"},
{NULL} /* Sentinel */
bi

183 tp_members E5 HE d5 Yk

[.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))
{
(Th= o] A ol A1)
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if (self->first == NULL) {

PyErr_SetString (PyExc_AttributeError, "first");

return NULL;
}
if (self->last == NULL) {

PyErr_SetString (PyExc_AttributeError, "last");

return NULL;
}

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

J

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

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

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

oAl MM EE s M E Ao A2 e ol oF Futh:

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

bi

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

223 tp_methods €% A Y Fh:

[.tpfmethods = Custom_methods, }

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

[.tpiflags = Py_TPFLAGS_DEFAULT | Py_TPFLAGS_BASETYPE, }

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

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

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

1)

and then we re-install so that we can import custom2:

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

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

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

} CustomObject;

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

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

CustomObject *self;

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

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

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

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;

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

if (first) {

(TH5 sl el Aol A<)
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Py_SETREF (self->first, Py_NewRef (first));
}
if (last) {
Py_SETREF (self->1last, Py_NewRef (last));
}

return 0;

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

bi

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

{

return Py_NewRef (self->first);

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

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

{
return Py_NewRef (self->last);

static int
Custom_setlast (CustomObject *self, PyObject *value, 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_SETREF (self->last, Py_NewRef (value));
return 0O;

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

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

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

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

bi

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

bi

static PyModuleDef custommodule = {

.m_base = PyModuleDef HEAD_ INIT,

.m_name = "custom3",

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

.m_size

bi

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

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

(o1 sl o] ] ol A
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if (PyModule_AddObjectRef (m, "Custom", (PyObject *) &CustomType) < 0) {
Py_DECREF (m) ;
return NULL;

return m;

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

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

Py_INCREF (self->first);

return self->first;

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

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

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

PyGetSetDef XA WE L w5}

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

83 tp_getset <39
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[.tp_getset = Custom_getsetters, ]
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static PyMemberDef Custom_members([] = {
{"number", Py_T_INT, offsetof (CustomObject, number), 0,

"custom number"},
{NULL} /* Sentinel */

bi

EEAGN ALGHEE cp_init A2 7] AN oF FTh

static int

Mo

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

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

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

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

}

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

}

return 0;

ol# 3 WA & 530, first 9} last WH7F Aoj nurno] oby et AT 5 gloj A, 79 BE 5o
NULL%V”}E 1117%3‘* AUtk o] AL 2] py XDECREF () ¥ &0°| Py_DECREF () &2 Wd

FASESYuFUL o)A T ES HAT = gle F YT T4+ tp_dealloc +HAA A, tp_new
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>>> 1 = []
>>> 1.append (1)
>>> del 1

of oo Al, 241 &  FFah Fuh AN o 43 A F27 AUtk B2 H57H0
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In the second version of the Custom example, we allowed any kind of object to be stored in the first or last

attributes*. Besides, in the second and third versions, we allowed subclassing Custom, and subclasses may add
arbitrary attributes. For any of those two reasons, Custom objects can participate in cycles:

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

>>> n = Derived()

>>> n.some_attribute = n

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

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

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

} CustomObject;

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

Py _VISIT (self->first);

Py _VISIT (self->last);

return 0O;

static int
Custom_clear (CustomObject *self)
{
Py_CLEAR(self->first);
Py_CLEAR (self->1last);
return 0;

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

—~
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static PyObject *
Custom_new (PyTypeObject *type, PyObject *args, PyObject *kwds)

{

static int

CustomObject *self;

self
if

}

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

Py_DECREF (self);
return NULL;

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

Py_DECREF (self);
return NULL;

self->number = 0;

return (PyObject *) self;

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

{

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

if

if

}
if

}

(!PyArg_ParseTupleAndKeywords (args, kwds, "|UUi", kwlist,

&first, &last,
&self->number))

return -1;

(first) {
Py_SETREF (self->first, Py_NewRef (first));

(last) A
Py_SETREF (self->last, Py_NewRef (last));

return 0O;

static PyMemberDef Custom_members|[] = {
{"number", Py_T_INT, offsetof (CustomObject, number), 0,

bi

"custom number"},
{NULL}

/* Sentinel */

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

{

static int

return Py_NewRef (self->first);

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

(o=
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if (value == NULL) {
PyErr_SetString (PyExc_TypeError, "Cannot delete the first attribute");
return -1;
}
if (!PyUnicode_Check (value)) {
PyErr_SetString (PyExc_TypeError,
"The first attribute value must be a string");
return -1;
}
Py_XSETREF (self->first, Py_NewRef (value));
return 0;

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

{
return Py_NewRef (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_XSETREF (self->last, Py_NewRef (value));
return 0O;

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

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

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

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

(TH5 sl el Aol A)
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= {
PyVarObject_HEAD_INIT (NULL,
"customd.Custom",

PyDoc_STR("Custom objects"),

.tp_basicsize

static PyTypeObject CustomType

.ob_base

0)

.tp_name

.tp_doc

sizeof (CustomObject),
.tp_itemsize = 0,
Py_TPFLAGS_DEFAULT |
Custom_new,

.tp_flags

Py_TPFLAGS_BASETYPE |

.tp_new

.tp_init = (initproc) Custom_init,

.tp_dealloc (destructor)

Custom_dealloc,

.tp_traverse = (traverseproc) Custom_traverse,

.tp_clear Custom_clear,

(inquiry)

.tp_members Custom_members,

.tp_methods Custom_methods,

.tp_getset

Custom_getsetters,

bi

static PyModuleDef custommodule = {

.m_base = 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;

(o] sl o] A ol A AI)

Py_TPFLAGS_HAVE_GC,

if (PyType_Ready (&CustomType) < 0)
return NULL;
m = PyModule_Create (&custommodule) ;
if (m == NULL)
return NULL;
if (PyModule_AddObjectRef (m, "Custom", (PyObject *) &CustomType) < 0) {
Py_DECREF (m) ;
return NULL;
I3
return m;
s
AR, G (traversal) WA E= <8 GC7F 2ol AT 4 A= A8 AA o s &+ A=F ot
static int
Custom_traverse (CustomObject *self, visitproc visit, woid *arqg)
{
int vret;
if (self->first) {
vret = visit (self->first, arqg);
if (vret != 0)
return vret;
I3
if (self->last) {
(Th= o] A ol A1)
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vret = visit (self->last, arg);
if (vret != 0)
return vret;
}

return 0;

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

sho] WL visit 4 T &S AE e py vistT() WARE AFFYULE py vistT( E AHE W
Custom_traverseo| A &&F F2 H A3 5 %ngljr:

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

Py_VISIT (self->first);

Py _VISIT (self->last);

return O;

0 3z

Py_VISIT() 2 AF23l2] W tp_traverse L&A AR} 0] 2L visitd} arg 2 B3} A &) A 5) oF T
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static int
Custom_clear (CustomObject *self)
{
Py_CLEAR (self->first);
Py_CLEAR(self->1last);
return 0;
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PyObject *tmp;

tmp = self->first;
self->first = NULL;
Py_XDECREF (tmp) ;
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static wvoid
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 HEUTH AL A A tp_allocol U tp_free A 7S FAF oW, <3 7M1 A £ AS 948
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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:

A5 UTH o] Q3stpyTypeobject & GAl AHSFT 4= QLo A,
54 B & 7o) o] 3%5} PyTypeObject XA & &F317] ol &

>>> 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;

} SubListObiject;

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

self->state++;

return Pylong_FromlLong (self->state);

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

bi

(TH5 sl el Aol A<)
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static int
SubList_init (SubListObject *self,
{

if (PyList_Type.tp_init ((PyObject *)

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

static PyTypeObject SubListType = {
PyVarObject_ HEAD_INIT (NULL, O)
.tp_name = "sublist.SubList",
.tp_doc =
.tp_basicsize =
.tp_itemsize = 0,
Py_TPFLAGS_DEFAULT |
SubList_init,
SubList_methods,

.tp_flags =
.tp_init = (initproc)
.tp_methods =

bi

static PyModuleDef sublistmodule = {
PyModuleDef_ HEAD_INIT,
.m_name = "sublist",
.m_doc =
.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",
Py_DECREF (&SubListType) ;
Py_DECREF (m) ;
return NULL;

return m;

PyObject *args,

self,

(o] sl o] A ol A AI)

PyObject *kwds)

args, kwds) < 0)

PyDoc_STR("SubList objects"),
sizeof (SubListObject),

Py_TPFLAGS_BASETYPE,

"Example module that creates an extension type.",

(PyObject *) &SubListType) < 0) {

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

the main differences between them.

typedef struct {
PyListObject list;
int state;

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

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

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

PyInit_sublist (void)
{
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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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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 PyTypeObject, with some fields only used in debug builds omitted:

I
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3
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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 */
struct PyMethodDef *tp_methods;
(Th= o] A ol A1)
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struct PyMemberDef *tp_members;

struct PyGetSetDef *tp_getset;

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

PyObject *tp_dict;

descrgetfunc tp_descr_get;

descrsetfunc tp_descr_set;

Py_ssize_t tp_dictoffset;

initproc tp_init;

allocfunc tp_alloc;

newfunc tp_new;

freefunc tp_free; /* Low-level free-memory routine */
inquiry tp_is_gc; /* For PyObject_IS_GC */

PyObject *tp_bases;

PyObject *tp_mro; /* method resolution order */
PyObject *tp_cache;

PyObject *tp_subclasses;

PyObject *tp_weaklist;

destructor tp_del;

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

destructor tp_finalize;
vectorcallfunc tp_vectorcall;

/* bitset of which type-watchers care about this type */
unsigned char tp_watched;
} PyTypeObject;
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[const char *tp_name; /* For printing */
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[nyssize;t tp_basicsize, tp_itemsize; /* For allocation */
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2.3.1 mjlo|de|x|o|Mn} eek sHx|

[destructor tp_dealloc;
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static void

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

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

static void
newdatatype_dealloc (newdatatypeobject *obj)
{

PyObject_GC_UnTrack (obj) ;

Py_CLEAR (obj->other_obj);

Py_TYPE (obj)—>tp_free ((PyObject *)obj);
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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);
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Py_TYPE (obj) —>tp_free ((PyObject*)self);
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reprfunc tp_repr;
reprfunc tp_str;
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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 A 2] 7] str () ol thE AolaL, foll A A3 tp_repr A 2] 712} repr () ZHO] BA 2} 22 BA
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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 ¥/

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 PyObject * version of the attribute management functions. The
actual need for type-specific attribute handlers almost completely disappeared starting with Python 2.2, though there
are many examples which have not been updated to use some of the new generic mechanism that is available.
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struct PyMethodDef *tp_methods;
struct PyMemberDef *tp_members;
struct PyGetSetDef *tp_getset;
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typedef struct PyMethodDef ({

const char *ml_name; /* method name */

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

const char *ml_doc; /* docstring */

} PyMethodDef;

J

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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typedef struct PyMemberDef {
const char *name;

int type;
int offset;
int flags;

const char *doc;
} PyMemberDef;

For each entry in the table, a descriptor will be constructed and added to the type which will be able to extract a value
from the instance structure. The type field should contain a type code like Py_T_INT or Py_T_DOUBLE; the value
will be used to determine how to convert Python values to and from C values. The £1ags field is used to store flags
which control how the attribute can be accessed: you can set it to Py_READONLY to prevent Python code from setting
it.

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.

g4 0| EZ|RE &2

For simplicity, only the char* version will be demonstrated here; the type of the name parameter is the only dif-
ference 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’ 1l 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.

ol ke 2Rtk

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

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

return NULL;

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

static int

newdatatype_setattr (newdatatypeobject *obj, char *name, PyObject *v)

{
PyErr_Format (PyExc_RuntimeError, "Read-only attribute: %s", name);
return -1;
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2.34 24X H|

[richcmpfunc tp_richcompare;

The tp_richcompare handler is called when comparisons are needed. It is analogous to the rich comparison
methods, like 1t (), and also called by PyObject_RichCompare () and PyObject_RichCompareBool ().

This function is called with two Python objects and the operator as arguments, where the operator is one of Py_EQ,
Py NE,Py LE,Py_GE,Py LTorPy_GT. Itshould 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.

R 2| 277} 2w 2ri e HloEH Hel ta A4S RS 0ew 2ok

static PyObject *
newdatatype_richcmp (newdatatypeobject *objl, newdatatypeobject *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->o0bj_UnderlyingDatatypePtr->size;

switch (op) {

case c = sizel < size2; break;
case c = sizel <= size2; break;
case : c = sizel == size2; break;
case c = sizel != size2; break;
case c = sizel > size2; break;
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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static PyObject *
newdatatype_call (newdatatypeobject *obj, PyObject *args, PyObject *kwds)
{

PyObject *result;

const char *argl;

const char *arg2;

const char *arg3;

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

}

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

return result;

/* Iterators */
getiterfunc tp_iter;
iternextfunc tp_iternext;

J

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
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return NULL. tp_iter corresponds to the Python __iter () method, while tp_iternext corresponds to the
Python __next__ () method.
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For an object to be weakly referenceable, the extension type must set the Py TPFLAGS_MANAGED_WEAKREF bit of
the tp_flags field. The legacy tp_weaklistoffset field should be left as zero.

Concretely, here is how the statically declared type object would look:

static PyTypeObject TrivialType = {
PyVarObject_ HEAD_INIT (NULL, O0)
/* ... other members omitted for brevity ... */
.tp_flags = Py TPFLAGS_MANAGED_WEAKREF | ...,
bi

The only further addition is that tp_dealloc needs to clear any weak references (by -calling
PyObject;ClearWeakRefs()ﬁ

static void

Trivial_dealloc(TrivialObject *self)

{
/* Clear weakrefs first before calling any destructors */
PyObject_ClearWeakRefs ( (PyObject *) self);
/* ... remainder of destruction code omitted for brevity ... */
Py_TYPE (self) —>tp_free ((PyObject *) self);
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if (!PyObject_TypeCheck (some_object, &MyType)) {
PyErr_SetString (PyExc_TypeError, "arg #1 not a mything");
return NULL;

(e -
CPython 2 Y| A E t} 234 A L.
https://www.python.org/downloads/source/

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

2.4 C2} C++ =2 HIE G} 7|
CPython®] C &2 273} & WEWE FF ol BH YUt (& 9, Bl 52E .50, AEFE
.pyd).

To be importable, the shared library must be available on PYTHONPATH, and must be named after the module name,
with an appropriate extension. When using setuptools, the correct filename is generated automatically.

271 e ded 22 S 2tk
PyObject *PyInit_modulename (void)

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

ASCII & 7} o] F01 %] o]%% M RE9 AL, 49 o] 58 PyInit_<modulename>©] o] of U T} of
71 A <modulename>2 2 E 9] 0] 20372 3 PZPULH t}. multi-phase-initialization S A}-& & w] ASCII 7} o} d
2 E olg°] &gttt o] 4%, 273} O]—— PyInitU_<modulename> ©| M <modulename>-<

JJrOM‘i/l punycode 17 Q0.2 Q1T J= 11 0}01%% S = thAl gt shej ol 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

o) 273} 948 B 5ol B TG ol nefeol A of e BES WY £ A& T}, o] 5L
Q== Sel AR JA A AZEE A oF Gtk B A0 5 o] Fof P
P40 B8 7] G E QU o, ALH S-S PEP 4899] <3 kol el elof of 6] RE" BE BRIAAL

2.4.1 Building C and C++ Extensions with setuptools

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

25 FA=0|M C2} C++ =HE

IIIE
In
ol
o
N

o] o] A = Microsoft Visual C++S A}&3to] Ttol# & A5 9 &4 R 52 wte = b S 7heks] A

skal, o] 2 U%J Zhs Ao e ok AAE a7 AR E AU AW AR = vtold S

Hests He e ﬂJ-—r ZEIHHe} FYAG AR BRI dFAez I T ¢ s oz
Eqe] Zﬂﬂ"ﬂ HAol Yle e 22Ty EFoA 83Ut

EE A4 &3 EES DEsted o] Ao A AR she 2 thAl distutils 2 A4S AHE- Sk 2l o] £

SUrth geolH = ° =3l o AHSE C A9 d 271 o3 A3 D2 gl 2% Microsoft Visual C++ < U T
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o] Fo A= FYH slo] A HA MTE T3l o8] 9t o] 52 AF UL} o] FY o] E2 xv
ZYUed HA "2 FAFEYLH AAZ, 'x'= F(major) HA M5 o|al 'y = o Eo] 2 52
slo] A v EZ o] F (minor) HA HEAUTh o & Eof, ufo]H 2218 ALE31E, xy = AA 2= 227}
Hych

=)

251 Q2| M2H

There are two approaches to building extension modules on Windows, just as there are on Unix: use the setuptools
package to control the build process, or do things manually. The setuptools approach works well for most extensions;
documentation on using setuptools to build and package extension modules is available in Building C and C++
Extensions with setuptools. If you find you really need to do things manually, it may be instructive to study the project
file for the winsound standard library module.
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AL M, YEE o] Hef 2|8 AHSSHE AL inport spam AHEFHE AT MIZF U ol AL &
B o] Fo] AT 4 YT AT, BEY BALL WEA L FEUTE §o 204, eholnef 29}
=5 2 from spam import *9} O WEEUTH ME HAES

2.5.3 DLLZ &M 2 AIZ23517]

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

A% LA DLLS WS uf], pythonxy.lib S o # o] A3l of 3

Sttt 5+ 7} 9 DLL, spam 3} (spam©f] Q=
CEFTEAEste)niE st d, th3 932 A 5 dsUth
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cl /LD /I/python/include spam.c ../libs/pythonXY.lib
cl /LD /I/python/include ni.c spam.lib ../libs/pythonXY.lib

rlo

A WA gl M e gde E’l—‘é A5t} spam obj, spam.dll ¥ spam.lib. Spam.dll-Z 3}o]#
& (7} pyAarg _ParseTuple ()) S EE5}A] QA 9 pythonxY.1lib ‘:‘] Hol| glo]# T =& F=uH S

9%t
A W ni.dll(Le) 3 .obi % . 110) S BEYLFYTh spam shol A Aol A B8 4
e gw 9sy

=
AEAE X HolERE WEWAE gdsUth o8 EE @A 2o AEAE B F
38 ¥, void _declspec(dllexport) initspam(void) v} PyObject _declspec(dllexport)
*NiGetSpamData (void) ?ﬂ “%‘ _declspec (dllexport) E]-_J__’ /‘\jﬂﬁﬂ 0]3 @'\4 E]-

¥ oA ae
ii,r'[ﬂ P K

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 msvcrt xx. 1ib to the list of libraries.
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Az EE B2 PPt g AX7 AEUTH: sold $3¢ TP AL
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PyRun_SimpleFile ()
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520 AE T o] 2T Ag3E AP T o] AE ol 2t
1 ~3YES AAs] 98 AdUTh o AL o2

#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+ Iho]# HEFY glof thst AR E QAE|Z e HollA &l 7] 9=
Py_Initialize() HT} W% o7 glo]lH 9B = EE py_Initialize()
2 271353, ER} A t gtolH 23 JEV AYF Y. 18t
Py _FinalizeEx() $2°] JHZEHE TH3tL 22 o] ZFUth AA 22 1A o] s
2TAHEE OE Ax(oprts HAE H47] F9, 3t T+ dlo] g o] ) ol A 7 & = U5 T 3}
Gol A sto] W I EE A= AL pyRun_simplerile () F4E AHESHE B A& 4 gl M2 w3t
st 3t W8S 2 ET

3.1.2 i D4ZE HES HoM: 7R
aeE dEHo]lae F8& 22 oA o sto]H FEE APT 5 Qe TS AlFoHAI T H 4T
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o Aol A= Tho] Mol A C2 Hlo B & WFali W3} 1 w2 vlo) e &
9 A] gt B, 120) 2ulE AR oY B TR AL ojslala
Zue dHzYHE 3ot Ad theA gong, ojd Folq e R 4R E 2T 4 A5UTh

o
A =2 age sl AAYES Sle LAY AL FRE FUTk 0 D422 Ax)3)
o] 220 T3k Aol ko], shol W B me Bt o E Ao AT A BT 4§ 5A HUTHEAT
the oA vk AU eh
stolfl 22 YEA A8 P48 AYse TEE eI 2T

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

int

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

{

PyObject *pName, *pModule, *pFunc;
PyObject *pArgs, *pValue;

int i;

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

return 1;

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

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

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

if (pFunc && PyCallable_Check (pFunc)) {
pArgs = PyTuple_New(argc - 3);
for (i = 0; 1 < argc - 3; ++i) {
pValue = PyLong_FromLong (atoi (argv([i + 3]));
if (!pvValue) {
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 {

(TH5 sl el Aol A<
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(e]A sl o] A ol A A<
Py_DECREF (pFunc) ;
Py_DECREF (pModule) ;
PyErr_Print ();
fprintf (stderr, "Call failed\n")
return 1;

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

return 0O;

o] =L argit] § AHE 2 =83, argv(2] oA BHE B E TEFUTH
15 DAE gyl 48 gEUUG o 22 g e wo}zﬂ%}m R
ERLE

ot BB A, T e e shol 8 gl

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

c =20

for i in range (0, a):
c=c+b

return c

TeW A3t e} 2otok Fuith

$ call multiply multiply 3 2

Will compute 3 times 2
Result of call: 6

£ Fto]® 3 C Atol 9 HlolH W&t o2l s
= oA " A Y o

ZZ2 o] 7|5 Rt 43 E HolA vt
$13k AU shol W WA Ba g
Py _Initialize();

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

o
Z

Mo 4z
Hr Mo

=
KN

Az Ry

)

qw

pModule = PyImport_Import (pName) ;

AE Z 2|5 & 2733 $, 2T Y E &= pyInport_Import () & AH&Sto] Z=EFH YT o]
«4’01 AN EREE 8 F3+=, PyUnicode_FromString () G o]E W& FE & Al&5lo]

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

(TH5 sl el Aol A)

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

Py_XDECREF (pFunc) ;

(o] sl o] A ol A AI)
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PyObject_GetAttrString()
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[pValue = PyObject_CallObject (pFunc, pArgs)
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static int numargs=0;

static PyObject*
emb_numargs (PyObject *self,
{
if (!PyArg_ParseTuple (args,
return NULL;
return PylLong_FromLong (numargs) ;

":numargs")

static PyMethodDef EmbMethods/[] {

{"numargs", emb_numargs, METH_VARARGS,

{NULL, NULL, 0, NULL}

bi

static PyModuleDef EmbModule
PyModuleDef_HEAD_INIT,
NULL, NULL, NULL, NULL

{

"emb", NULL,
bi

static PyObject*
PyInit_emb (void)

return PyModule_Create (&EmbModule) ;

71,

/* Return the number of arguments of the application command line */

PyObject *args)

)

"Return the number of arguments received by the process."},

EmbMethods,

[}

T vk 90l A A AN 2

&
folr
&l
e
-

L3l Py _Initialize() o Tf

numargs argc;

PyImport_AppendInittab ("emb", &PyInit_emb)

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

import emb

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

AA & Z2 A, o] B2 58 =272 APIS Fol ol =&t

3.1.5 C++ = UlO|M LHZES}7|

Sho] AL Cr+ =2 ol YIRS A% b5 g1ith ol o] o WA 28 A= AgH C
AR bl 2ol U th QWAOR Crae WA =218 AL, Crr B3 e
2298 Aok D=L of FUITE Crrg AHE ol ho) W A thA AU e B

3.1.6 S=A A AAHINAM Huldat 213517|

go] A JH =z HE 8§ 222 A7 fal Aatd (& FA) o B S 1E F= Aol &
et A = ks Uth 9], £3] glojwo] Ao A H2H CE5A FH(.so D)o FHH o] B g
g BES Zrdfof a7 W&t

o3t Ande| HA S E o, dA Ao dHE WA H pythonX. Y-config ATAHEE
APe = JF YT (python3-config AT HEE AMS 7@ = JFUTH. o] 2T HE = o8 34
ol dod, 53 2 A2 qH o I 8T AYUth:

pythonX.Y-config —-—cflags+ AT Y T oo g4 S 1 & AlFFch

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

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

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

o ¥ s A B 7He] (53] A28 Sho] Az} ol &R o] A AT AT vho] A 1he)) B&HL 3 3eld,
J

pythonX.Y-config® Zt) A2 & A2 3= Aol &5t

o] dat7} 04341‘?2 Al ZEstA vt (RE 2 AL SHFANA 4535 }% A BHAE A ¢
SUth A quL% FPUh, 54 J30] Bak A0 PAE At Aoli} shol A
9] MakefileJ} (I YPYAE o sys conflg get_makefile fllename()‘—z_-/\]-% St Al L) Aad
AL /\}*‘HOF?}MD}. oluf, sysconfig RE-Z oejio] ZFael= T4 S =2y o=
FEaedl f88 =T YU o 5 Bol:

>>> import sysconfig

>>> gysconfig.get_config _var ('LIBS"')
'-lpthread -1dl1 -lutil’

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

64 Chapter 3. o 2 88 Z210ll CPython ZHEIUS LHES}TI

ol



APPENDIX A

0[0
<
bl

>>>

2to3

FolM 2x AEE oM 3x AT WEAE e W AEdE =7, AAE TR BMGy 72
A BT E BN AA T £ e R 2o vzad s ds

R =
2to3 = EF ol B oA lib2to3 2 Al FHUTH SH A2 APT 4= = 2T HE = Tools/
scripts/2to3 & Al H Yt} 2to3-reference= &

abstract base class (34 w| o] A S| A)

FA ol FE A& hasattr () Z2 O E HAY S EHGFA Y nBEA ZXH (& £,
2w A 2) FF, JAEIFH o)A B3t WS AlFTF RN 4 Ero] 3 & B3 th ABCE
M AE ZH2E 2 dot=t, 2HAE ASSA O HAE isinstance () 2 issubclass ()
of o3l A E = FHEEYYUTh abc BE AHAE EA Q. ol Aol = B2 W ABC 9]
Wl = vt 22 A E0] QG5 UTh A8 & (collections.abec EEA]), A (numbers
B EA), 2EEF (ic REA]), YT E FAHY 2 (importlib.abc REA]). abc EES

annotation (o] - €] o] A)

A& 3l A AHAI RS ABCE WHE S5 955U Th
2]

A5o et ¥ JE 2 AREHE WS, Z

golE Ut
Ao o] o B o] 42 A Aol AA e ¢ gAI R A W, Fefa HA 9 e o]
HolAe 2zt 5, e, &4 annotations_ SF JEZHE AZFH Yt

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 (212}

dr (e rAE) 2 AgE e L F SR AR S Ytk
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s 71 E AR (keyword argument): T4 3% wj] A2} oofl B2 Q) (o] & £0], name=) £
g oo 2l YAV 2 AYH L AR
5= 2% 79 = QA ok

complex (real=3, imag=5)

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

=
o
gi
=
(]
o,
T
o,
N

o X 2R} (positional argument): ]-‘;’4 2 A A} il A =
U AL olH e 2 o gl x & 2] AL 5 AFUH ol So], x4 22 =004 3
B EFHA O]x]-?jqq-

complex (3, 5)

complex (* (3, 5))

ol thdg Ut ol el 485 = +2= l o 3 A = calls

A vl o) § g A9
28402 QAR 4D 4 dFUTh TaA grol Ao Mol

A HAS. EYACcr, od
o g Utk
L o] Q9 v 7] ¥4 =27 FAQ A2 219} ufj 7| W= 2] x}o] 2} PEP 3625 KA &

asynchronous context manager (8] 57| A8 AE #g]A})
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] A Eﬂ o] E-])
Hl5 7] Al elolg olH oy £ &
S, ssyne for $27} BT 4 Ui LAY FES

=R

BE 657 AUl E %42 el A AT, ol @ Euo] A= w57 AV ol H o olE &
A2 AU o Eohe o n) 7} WEkeA) e A9, AT S E AN BEFS QT

B % 7] AlFd olE] e await EA AT} asyne for £} async with 2 8 4 5t}

o

ZF+= 8. async def B FYFHE=EF
I E A

T
T X yield 84

=

I~

asynchronous generator iterator (8]% 7] A2 o] €] o] €] & o] €])
H5 7] Al oly &7t ste s AA.

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 (8] = 7] o] €] #] &)
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 (8]% 7] o] €] & o] E])
An object that implements the __aiter () and _ _anext__ () methods. _ anext__ () must return an
awaitable object. async for resolves the awaitables returned by an asynchronous iterator’ s __anext__ ()
method until it raises a StopAsyncIteration exception. Introduced by PEP 492.

attribute (o] E 2] HE)
A value associated with an object which is usually referenced by name using dotted expressions. For example,
if an object o has an attribute a it would be referenced as o.a.

It is possible to give an object an attribute whose name is not an identifier as defined by identifiers, for example
using setattr (), if the object allows it. Such an attribute will not be accessible using a dotted expression,
and would instead need to be retrieved with getattr ().

awaitable (o] g 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
A8 28 £ 41 = 2] A} (Benevolent Dictator For Life), < Guido van Rossum, 3} 0] % 2] Z-A] 2},

binary file (B} o] 2] 3} Y)
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.BytesIO and
gzip.GzipFile.

str AR A1 2 4 Qt Y ARl hAA L G 2= 512 © B2 L.

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 (B} o] E Q& A A))

bufferobjects & A Q3L C-A5 HEHE JAXE & 5 QF5 YT o8 & %memoryvmw AAEL
E£0|1 bytes, bytearray, array.array AA 5 3T} H}O]EQ AA =2 vlol v g
dolE & thF& o8 71A A4tEdd AHSE 5 Ut &5, vhol v e 39 = A A, 5‘—7“% s

A 2e Agel dHUTh

=

ol A4S L upol Ui HloE 7k hM AL B sk AHUTh o] d ASo] AWML BF <ol 1
2] Mol E QR AA hy EAFUCE W B3] A o 2 bytearray S bytearray
memoryviey 7t SIGU T THE AE e whol P HolE B A (197 A8 welEAR
A7)l AHES 2 7T ol @ A9 ol 24 byces 9 bytes AR 9] memoryview 7} A%
k.

bytecode (H}o]E F &)
ol A~ FEFHo|E FER e =, CPython AE z g oA Tho] A =2 13 Y §
HAYYTH il E I E = pyc Il A Hof, T2 5L S F HA AT off o W} A v
Utk (oA H]'O]E F=EZ AHTLS -’46]’/\ AFYTLH. o] “FZFAo” = ZHlo] E T =9
-3t 71 AE A= 71 7 A A Aot 23Ut vlolE I == A E ThE Tfol s
7Hd 1A A e ALz 7R &, «4’0155 v 32 Zhel] Qb A o] A = gkt Aol Fo 3 o
.

Hlo|E 2= Welolse] 25 dis LE APA G YU

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 implements the __call_ ()
method is also a callable.

callback (&)
AAt2 A== v o= A Fo A AP HH T8 T,
class (Z|»)
AEA Ao AAE
EHAEAYES
class variable (Z 2] A~ ¥

”ﬂ""ﬂ/ﬂxtlﬂ s FE (52U A2 20X 7} ok b oAt A EH = M.

complex number (&4 4)
5ot A Al Fd],

—’Foﬂ d? DAL Al E FT AU, FF FFAME 1=, FANE I E B7F U
o] M2 F242) VM2 2 B E 7B AJFUE slei 5 JRARE 2094 27184
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+13. math 259 B4 WA o] D23, cmath & A UL oo 282 1
5174 75 gth Bas 2EES
context manager (8] A E 2]z}
An object which controls the environment seen in a with statement by defining _ enter_ () and
__exit__ () methods. See PEP 343.

'

context variable (A ] A E ¥ )

Ao et the ghe 7H 5 J= Wi ol A A erb Aol tie of 2 3 7

Jde g =-2A AF49ns e 28, AU AE W2 235, shue] A8 A =of of g

;qEﬂ/\Ey} A F o AdAE M5 F 5= FAA A5 7] HlaTofA HEE S48
2AdYd contextvars% FZ A L.

contiguous (J <%
H ¥ = A C-d< (C contlguous) o] A} EE & A< (Fortran contiguous) @ W) A< o]g}al o] A F
Utk 939 m e C-AkoluA EET A% AT AR W Dol A, BEEL A o] AR,
0o A Al &3l 52k ‘*‘/\-4 AR W E g of v X =] of of gtk thxb C-<A <5 vl G ol A,
u-]] g F429 AR FEESL WES o upx| e Addl A7} 71 wkg] Wk o) AW, = E S
Sl o] A, R A Q) 7 e A sk o,

coroutine (I €l)
IEH2 BT EH o] dutstE Pl Utk ABFEL S A A A Yt o2 A Fofl A
E‘*“HD} FFE2 Y g2 AHAA AYstar, EEstar, ANE 5 dF Ut o] AES async
def 208 138 4 95U Th PEP 4928 H A Q.

coroutine function (Z €l 3t4)
FFZEH AANE EHF= 5. ZFH T4 = async def T2 F FoH 4= T, await &} async
forE]— async with 7|9 E& T 5 JFUth oA %% PEP 492 o] o]} =45 A5 th

CPython

ol z2 g Aol A A A, python.orgol| A ¥l 2 YTt o] &2 Jython o]}
IronPython 7 & th& 2153+ 738 B2 7k 912 w) §o] “CPython” o] A 1 th.

decorator (tl] 2.7 o] €])
g2 d4E 283 g5, 5 eurapper BH S AR S W3 o g A EH ULt g2
olE]9] &3l o= classmethod () I} staticmethod () YY
dagole FH-2 944 A 2HYE B UL v F 35 BY = 9] FEYUT

g
def f (arg):
f = staticmethod (f)

@staticmethod
def f (arg):

L

22 7hgol Eel o A AR, & A5 2quUnt. v Z ol Hofl th e 5 AA T 82 T
gof ok 2el s Ao o dHAME EE gtk

descriptor (t] A= 2 E])
Any object which defines the methods __get_ (), __set_ (),or __delete_ (). When a class attribute
is a descriptor, its special binding behavior is triggered upon attribute lookup. Normally, using a.b to get,
set or delete an attribute looks up the object named b in the class dictionary for a, but if b is a descriptor,
the respective descriptor method gets called. Understanding descriptors is a key to a deep understanding of
Python because they are the basis for many features including functions, methods, properties, class methods,
static methods, and reference to super classes.

YT HE ] WA =Sl thak AA R W82 descriptors Lt 2T H B AR P A of] UF Y T

dictionary (9 41 g])
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 (5 A1 2] A Z 2|3l A)
ol HE A+ 84 AAY a—‘T'—a Agstal A3E G2 9 E vhEets A W
results = {n: n ** 2 for n in range (10) }—8—%}:11 *x 2°ﬂ UH-’J%7
£ A3 gt} comprehensions 2 #2334 Al L

dictionary view (5 A4 2] )
dict.keys (), dict.values (), dict.items () HAEF S8 3L AANES I g B &
Uth o] AE2 9A g FEE tis 542 -F'—%Zﬂ:o'—%}%tﬂ gaAqve7t e AdE of, F 7)o
= kg thE AUtk 9 E §E A3 Bl AEE v W 1ist (dictview) & AHE S}
H Yt} dict-views S H A S

docstring (5 AE )
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 (Y] €}o]3)
U2 Qe 0] 2% A DU AN L WA G Z2TAY 264,
HAEY AJERET S5 AL A 1414(“03]}1"“1‘?_0]"’ Oﬂﬂ ﬂ@,\;ﬂ_r)r?j
£.25) 54T 9 o Aol A8 so) g gxgozA, & A48 nEE B4 AE
FomH FARL AND S AL UL & oI DE type ) oLt isinetance ) S AHES
SEITh (B AT, € ehol Bol g w0l S 2 b ek % 5180l 51510k gl ch A,
hasattr () AWV EAFP Z 2 38 %-& £ th

EAFP
3 &R b= 84 E 1317] 7} | ©} (Easier to ask for forgiveness than permission). ¢] &3] & 4= ¢}
ol A AEY-L, ZHulE U o ERES EAE 7ML, 1 7o) YW A9 E s
o] Z-HE I W AE Y-S B tryflexcept T EAME SAAAH YL o] HHAY 2 CL 22

£ B2 olojof A] A5 AHE | & LBYL ek ol Uk

expression (%3 2])

-|—4 ~

Y m]o Mo
> QoY )
i 1 rlo Ok

¢

ojE Fto 7 A = FHAEAN 27 g2 U 135, 242 ZHE, o], o EEHE
A 2, ALER}, T4 %ﬁ 22 e 8T ERH 84S Fot 8 AYdUth o2 B2 A9}
fRAOZ BRE Ao FAEEC] A AL ofdUth whileXH, EHA 02 AT 4 gl
T sl dsuUth oY =3 o)A, ¢ 4 o] of gt

extension module (£-# 2 &)

CuCr2 A4 E BE AT, sho] 20| C APIE ALE31 A 14 o] v} AL 4 =9} 4% 28 3 ok

f-string (f-F2}Q)
o e 9ol 9 B Al U £ LRAL O F2d, £ BRI E
) ZOWL%IIJE]— PEP 498 & H A 8.

file object (3} 2 A))
An object exposing a file-oriented API (with methods such as read () or write ()) to an underlying resource.
Depending on the way it was created, a file object can mediate access to a real on-disk file or to another type of
storage or communication device (for example standard input/output, in-memory buffers, sockets, pipes, etc.).
File objects are also called file-like objects or streams.

AAZ = A E79Y 3t AA =] °"‘HD} 2 (raw) vlo| v 2] 3} <, W 3] = (buffered) vlo] 1] 2] 3}
HAE 91, °lc94 °1EHl°l/\L io BEA FoF ULk 1Y AAE vt 7E A By
open()ﬁ‘#é 2E AYUh

file-like object (3} 7 24 Al)
ot AA 9] vk

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_encoding and filesystem_errors members of PyConfig.

See also the locale encoding.

finder (}21t)
Ared BEL A o & 2oy n Awss 4.

There are two types of finder: meta path finders for use with sys.meta_path, and path entry finders for use
with sys.path_hooks.

See finders-and-loaders and import1ib for much more detail.

floor division (5= U= A1)
/)59 gre 27 e ,g¢ura—;,jl%2 AR HDP 1)/ a7k2
Fol f-o] 3 oF it} PEP 2388 B A 2.

function (g+4)

SEANA o e EEFE Y 8=, gAY I oY A7 AL 4 =, ¥y 9
Ao AHgE 5 QU th v 7] 5 &) w4 = &} function A& A Q.
function annotation (T4~ o] - E o] H)
Fh= o 7 = 93 ghe] of | o] A
AL onrA

4 o) o] A =
Lol Aoz 7 1L, FA

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

6‘1—/\ o} A E]] o] A “-:v'—‘ﬂ O function & Oﬂ /ﬂ S| Dﬂ‘c‘h/] r;].

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] X] 4~ #)

9 A8 H A e vme) B dhdais A4 oML Bz A4 24T Fx £ FAGL B
5 9 w8 A £ A B b A £ AR 2RI AUA 2 A7) ge RES AHEHA

Alolg 4 95Uk,

generator (4|12 o] 1)
Ayelol e ol Elelo] e & EeFE g4, AN FEAY Hol kv, A FEL BE
842 AT Fol thFUTh o] G5 for-FZE AL AU next () T2 T Mol LA

generator iterator (xﬂ L‘] #lo] E1 o]E|# o] E‘])
A el 8 g7t te= A A
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Zyielat GAHOE B UL, T A (A9 ASET 7] 9 y-F 5L 3
A% S A Th A d el E ol e el ol e 7} A W, W 2oz B3 F(EZ v}
M= Al ZEske 349k ol g o).

generator expression (Jﬂ] v #lole] 3 A)

oJE o EE EHFE A4, Fx A5 0N A S ror A AL AF5 e ir Dol Hof
2t %_‘E‘}Efﬁ@‘ 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 4] g} g4
ZHe AAre A7 D}e b‘ﬂ—g—oﬂ o5l 283k o] Y
tasx) e Zel o3 AR H T
A 23 %] £0]F =3} functools.singledispatch () B Z & o] E] 2} PEP 443% H A 2.,

generic type (412 %)
A type that can be parameterized; typically a container class such as 1ist or dict. Used for type hints and
annotations.

n

42 7Y B2 ol 7| ASBAE

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

GIL
A AEzeH £ 2 HAL

global interpreter lock (<9 Qe =g §)
2 ol 03 o) Ak sl o= 9= £ AYSEE BYSA Qo) CPhon B2
AR A US, (1ot o) 2 588 ATEE T Ho) A7 2 o) BAASE 5 A
AM 2 of hsl A S = 5 W5 o] A] CPython 8= L—’Eﬁ}ﬂl Ut JAEZEH AAE T 2=
A2 JAHz B & thsad =slstr] A e A, ths Z2 A A 71 A 7L AlF et W E 49

B PR S
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/0.
(A 9 vAsHA Ff ol HE F15) “Ad =] A2 (free-threaded)” JIH Z 2] B & w531
2L ete HAY 282 AF A oA B, TR T 22 AN B e At A7 e

Utk o] 45 o] #8 FHE AL TAS DA BASH B0l A 44 1 gol B SojZ Aoz
o AR 3 ATk

hash-based pyc (3] X] 7] 3} pyc)
FRAE B 13 S 22 52l

L)

% 57 A1zbo] obd Al & ALGBh Hhol = TE A A

A, pyc-invalidationS ZFZ A &

hashable (3] A] 7}%)
An object is hashable if it has a hash value which never changes during its lifetime (it needs a __hash__ ()
method), and can be compared to other objects (it needs an __eq__ () method). Hashable objects which
compare equal must have the same hash value.

HA 7Hs AL AAE AV EY 71V AT I E AT 4 A Fhed), o] AR FRE ]
YA o2 A ghs AHE-317] fﬂ}%%ME‘r-

72 gholH ] B g AA -2 A 7?—%“41‘/} (BF2EY A
a9 A5yl (FZ ol U frozenset Z-2) £ AH O YES 159 84
A s Ut AFEA A FAY daEA AR EL V| RA 0w
A& A Q) Btale) BF thEthal v a s A, siAI 32 id () 2 FE s H Y Th

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.

immortal
Immortal objects are a CPython implementation detail introduced in PEP 683.
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If an object is immortal, its reference count is never modified, and therefore it is never deallocated while the
interpreter is running. For example, True and None are immortal in CPython.

immutable (£4)
TAE RE 2 AA. B AN E A, £AY, FES 2RI oD AN SL ARD 5 ¢
SUth A g2 Asted /‘H AAE TE o] oF Tt WM 3FA] ok 3l Al ghol o] oF df= Lol A
F2% B2 FuTh A8 Sol, 94U 7).
[e]

importing (¢ 2 ¥))
B EC) sol BEA rhe B shol Lol A A 4+ LS e AR

interactive (BH i]—fﬂ)

shol & T3y Bz HE 2 i, Bzl ZExed N £ A4S 998 5
93, 57 ARE A%E 2 4 ek FAUTh A glo] BA pythone AWFAL (AFE
Folrel A Ad st A% A58 5 A5 UH. Al ot ol AL REH A2 Eol
Che = e A W QU (help (x) & 719 3HA 2).

interpreted (Q1E] = 2] €| &)

Hpo| £ S = Asteleje] £ mjRo] 1 Fe] S A 7] AT, shol 4 F3t Qloj 7k ohy]
gHAdEz ey dolduth o] A2 BA A AP old S WEA s, 420 d S AH AP
S glehe EQth 1z 2 aslo) £ 6 AAE AWE /) ST, dE e dojt HE Az

AojEoh g AU A F71E Zs Ut t5hd & HA L.
interpreter shutdown (21 €] Z2]g] £ 37)
FTESHE 23S W u, FolH ¥z B & ST A7 X Q)= RE ol o2 7HA]

Tagur ?—i%wf de mE YR AU e BAA0R AR Rl TA /8

ﬂﬂ%aﬂwiﬁﬂﬂ

w= T

Az B 289 FH DAL AYHE  main REJUAITHENAFLS ZYE= AYUth
iterable (o] E]2] &)

An object capable of returning its members one at a time. Examples of iterables include all sequence types

(such as 1ist, str, and tuple) and some non-sequence types like dict, file objects, and objects of any

classes you define withan __iter_ () method or witha __getitem__ () method that implements sequence
semantics.

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

iterator (©] €] &) o] ¥])

An object representing a stream of data. Repeated calls to the iterator’ s _ next__ () method (or passing
it to the built-in function next () ) return successive items in the stream. When no more data are available a
StopIteration exception israised instead. At this point, the iterator object is exhausted and any further calls
toits _ next__ () method just raise StopIteration again. Iterators are required to havean __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 itin 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.
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typeiter ol T 2} 3 W& 0] 9l Th

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

key function (7] g4)
7] 3= == 28 o] A (collation) 4=+ A & (sorting) ©] L} ¥ & (ordering) o] AR5 = 3HE& EH ST+
FHEJUE & S0, locale.strxfrm() < ZAY S HAS W2 FE 71 e

AUt

TolMe WL T I QA0 o]BA A KojA I Fol=AE AojEr Y 7] 4=
%0}%%}14@. O] Eﬂ Zﬂ%oﬂ-‘r} min (), max (), sorted(), list.sort (), heapg.merge (), heapqg.
nsmallest (), heapg.nlargest (), itertools.groupby () 0] 9,)\%1413]-

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

keyword argument (7] 9] & 21 2})
o1z & BHA L.

lambda (¥t}

529 0l gro] FAlAE shte BE4 o2 TAR o gt Ak B Do) B4E s
—E—‘ﬂ% lambda [parameters]: expression ?:]141‘/]—

LBYL
= 7] Z ol B2} (Look before you leap). ©] & ALY L 0|1} 23] 2 17] Aol HA|H o g2 AFA
2AEL AR o 2B EAFP g7 WIS 1, B 15 wo] EA1Z 54 A o)
05 28 = Ao A, LBYL H 22 “H7]7 e “H 7]” 2kl A 20 W54 2 f1d ol A5
t}. o & £90],FE if key in mapping: return mappinglkey] += AA} Zof, 5}X 2k %3] Ao,
th& 28| =7} key & mapping A A Al ASHA AT = Q5 U T o] 9 o]+ F o] WEAFP 2+
Ao g ddE 5 st

list (B] 2 E)

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

list comprehension (2] A E 7 = 2] 3l A)
ANd2Y 245 AR e 4R E A 12 AR5 B2ERE S5+ 2T . result
['{:4#04x}'.format (x) for x in range(256) if x % 2 == 0] = 00| A] 255 A}o]o] Q= =+
9] 1675 (0x.) 5 ZPsHE EALY P 2ES U ir 22 A2 5 o At
H, range (256) o d=12E 47 AHFH U Th

loader (2 6)
An object that loads a module. It must define a method named 1oad_module (). A loader is typically returned
by a finder. See also:

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

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

On Windows, it is the ANSI code page (ex: "cp1252").
On Android and VxWorks, Python uses "ut £-8" as the locale encoding.
locale.getencoding () can be used to get the locale encoding.

See also the filesystem encoding and error handler.
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magic method (9} 2] W] A4 &)
S A= 9 vFA A v 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. Exam-
ples include dict, collections.defaultdict, collections.OrderedDict and collections.
Counter.

meta path finder (W€} 7 2 #}2lt])
sys.meta_path & AM o] Z2]F & T, wlE A& Ilo& 4= dEg Ihlr] & A7 E
517] 37w kv
HEl A2 37 £d3tE= A =S U A= importlib.abc.MetaPathFinder 5 R d §
e}

metaclass (W€} 22| 2)

Sejo) el 2o ROt T2 o) F, Feh 2 YAV e, Mo 2 S A5 B5S wEUT
WEF Feh st o Al QXS Wobd FehaE TE Aol e AUk tRR e AR A9y wz e
W doj 5o A4 T AL AFGUTE s A& SWH EL AL ALY v SHAE BE S
ST AGU . TR A8 Aol o] £ 15 We gATh B2 4D, e Feae
e sha Sobat M2 AFFULh o EelRE AN 29 27 (ogging), 2 = HAA ] F7}
A WA 54, A2 E FAT B e Aol A RS

metaclasses | A] O A8 Ul 22 28 4= 95U )

method (WA &)
e uby ol A Y = T I A AxEAY oERF
A AR A} (HE se1f 2 ETH E A28 AR E D5 UL S F 53
AL

method resolution order (W] A = Z2 A 4 A))
Method Resolution Order is the order in which base classes are searched for a member during lookup. See
python_2.3_mro for details of the algorithm used by the Python interpreter since the 2.3 release.

module (X&)
27

l(i
o

W91 Fets AA. BEL 999 sho]d ARNETL Fi o
9 2%

of sl sfolp oz ZEH YT

module spec (2§ A )
EES ZEFEYASHEYXTE 3 JRES T+ o5 F7F importlib.machinery.
ModuleSpec &] A A2EH A,

See also module-specs.

MRO
A= 274 ¢4 & ZAL.

mutable (7}H)
7HH AAE Fhel HE F AT id) + €A AU EW T HA L.

named tuple (V] Y& £Z)
“named tuple(V] & FF)” o] 2h= & ol FZolA 45K o
N

e G 5 9 4ol A

BE 715 92 ¢ s
time.localtime () & os.stat () 7} WFESE 2k 23 35to], 8 AP ol v d = FZ2Y YUtk &=
E}‘E— 04]—‘5 sys.floatfinfo%}b]r/]-:

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

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

(TH5 sl el Aol A)
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(o] A | o] A oA A A %)
>>> 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 tuple and that defines named fields. Such a class
can be written by hand, or it can be created by inheriting t yping.NamedTuple, or with the factory function
collections.namedtuple (). The latter techniques also add some extra methods that may not be found
in hand-written or built-in named tuples.

namespace (¢] S 27

‘__,_7};<1ﬂ5]‘— ol 3 YAV E 2EF YT AA ol FHE o5 T (FIAE oA
2ok oplzk Ao, A9, U4 ol & B1o] Yt ol B0L ol F FES UANH LEAS
APt} o9& 5], &< builtins.open Fos.open() = 159 o5& F 7t o & +EE YT}
T ol I oW EEO ¥4 E 54'5}1_ A5 FHoH s A 7EAT FA B4
=28 &Yt} o & E0], random.seed () == 1tertools islice() Bt AW 1 4SS0 Zhzt
random-\/}ltertoo 1ls %oﬂ -’]OH ?fﬂﬂ 93\ = O] uﬂﬂd];g]/]q

Zt 7))

namespace package (0] 5 ¥
=9 AHl o] Y& ¥ 7|55k PEP 420 3| 7] #]. o] & FXF s 7] Al = &2 A Q1 A A7t

2 %) 8 577

=
- = © A
g #= A3, 53] _init_py 5ol flon s A5t 574 S thE U ok
EE T HAS
nested scope (34 ¥ A3 =)
S Aolol ) MpE B2 5 5. o & Sof, hE F5 RoIA HI A T4t vk G0l
UL USES 2L ST FUY AT EdoR: 32U 1Y B g e 5
SEThE Zo) FAS ok T A WEEL APE R 2T el A 9 Fuink vpA R
A HFES A o] F F3FollAl ¢l FUTh nonlocal & HHZ iizﬂ] »e AL et
new-style class (7+ 28} S| ~)
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])
FH (IEREY ) € 22 57 (MAE) o] Fold RE HlolB. £ EE FAEd 2
o] HFA A ol x FhA Py

package (3} 7] 2])
A Python module which can contain submodules or recursively, subpackages. Technically, a package is a
Python module witha __path__ attribute.
At N7 A & ol 5 S 7 A = HAL.

parameter (7} 7] ¥H >
B4 (EE FIAIE) o)A G}

S 2 0]

= T M

=< dEE. A F7e] b7 sy th
el

Il

g~

. —ﬂi]-ﬂ-?’lli(positionalor—keywod) o1z A Y 7Y = oA 7 AYE 4 Q= oA E A AT
Ytk o] Zle] 712 FE ) vz AU, ol & o B0l A foo £} bar:
[def func (foo, bar=None): ... }

o A X|-H & (positional-only): A A 2 A|FH 5 Y= AAE AR FUTE A A§ vi7iA
$4 o] A B ) AR E R 1 5ol BT 5 ALt AR Eol T}l
A posonlyl I} posonly2:

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

o 719 E-A§ (keyword-only): 7|1 EZT A|FE 5 = AAE AR FUTE 71 H=-A8 v A
W B4 Aol e) v A5 B2 A ol StLk] -9 2] A RS - 1o 2 T oA
B 4 AF UL oAl & 0, thZol Al kw_onlyl £} kw_only2:
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[def func(arg, *, kw_onlyl, kw_only2): ... }

« 7HH-91 2] (var-positional): (CHE AW SE ol 2|31 4] o] u] ol E ol A 912 AXHE o Hs)
AZD 5 AE AA QRS Aojo] AAAE ARG T o A v 4 w5 o) Bo
2 ool 2o]A] B8 4 5L Th oI 2 Eof the ol A args:

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

+ 7H8-7191 = (var-keyword): (12 Ul 55 0l 2131 4 o] 6] WobE 62 71912 A5l H3l)
AZE 5 Ut 9 A% AN E ARES ARG G ol A v asE A o] o
w3 ool 2ol A A E 4 it olE Fol 912 ool A kwargs.

WA A AAES A% 1R gRT o A Fe| AL B AREL AT 5 A%

g},

Z]——Q-Oix a2 ol x}o} w7 FH 4= 9] 2}o]of] Y2 =FAQ A&, inspect .Parameter =2 2, function
d, PEP 3625 EA &

path entry (3 2 I E2])
AR 71N 3FRIH 7} 3

path entry finder (7 2 1 E 2] 5}21H)
sys.path_hooks Oﬂ 3}1*‘5% =
EERESZ=UES ¢ dSTH
Az e solrSo

path entry hook (7 2 ?ﬂEE] 3)
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 & 7]4} 5}¢l )
712 v et A& 9l e = F o], 2 E A2 oA RES FEFUTH

path-like object (7 &5 721 A])
g Al2" A2E et AA. A2F A= FE2E Y+ str Y bytes 7—‘1‘i1]°]74
U} os.Pathlike ZEEEZ S —TLUﬂ 3t AR YYUTE os.pPathLike ZTE2EZ S X Y3+ AA =
os.fspath() &FE TEMA str U bytes FY A28 F22 HEE 5 dFUth thAl os.
fsdecode () & os.fsencode () = Z+Zt str YU bytes 23S B A3=d A2 4 Id5 Ut} PEP

S19= =]1= 3l Ut
PEP

m
msi'
ko
il
il
o
i)
N,
do
__(l)L_l‘
oY
k
_?L
rlr
%
b
[m
oM,
il
o
1o,
_?L
i
1o
o
b

s}ol A 7§ /d A< PEP<= sto] W AfUEl o]l AHE A Fot A sho] W e T 2R AL E 2
o gk Az 2 755 AWstes AA A YU PEPE Al bd 7)ol thg 223 7€ AHF 3

< AE AF3loF &y D}.

PEPE 38 A2 75 Aata BAlo] et A R Qe 538h0) ol de] Soj 7t 47
ARE EAE DE) 5098 AT S, PP A A8 A TS S5
N EEEEVESE DERI-Sc

PEP 1 ZZ3HA 2.
portion (Z4)
PEP 420 o 4] 9] & 2 A 3, ©] 87 471 Aol o] upA sh Shpe] Tl el efof] Sof gl A S
A zip 3t Lol AFH = A= 7 dU .
positional argument (9] 2] <1 2})
A2 E HA L.

provisional API (ZF%) API)
%‘Xé API+= 2 F glol B g9 A 58/ BFoaRE 453 AlLH AUt AE s o]29
[e]

57} ol 4% A 94 W, P Aol KA & o, To} LA T o) AaSirhn A2 eicia
S 58 0] § A A 8 o] Lol 4 Al 18l S EALH A OE Lol
£ AT APIE T oA Aol 4 STy B A datel BAT B olw Aol
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z)—;@ APloﬂ /ﬂz;q._]_ J/]_ q
*‘Hﬂ% TAEol sl A

i - T JE
BRYL AL AP L Foelr RE AR ARG YT

o] AR EE ol nef el 7t 0 A7 5o R E AA LFol WE HH A G BAY S Y=
PEP 4

SHEUTh o A4S L

provisional package (<73 ] 7] #])
A APIE HA Q.

Python 3000 (3} o] % 3000)
sol 2 3.x w) E ehele] g (#2 39) W) E 7k W el ] o] of /1| A Aol B 01 %] o] ol k) o] A
S “py3k” 2 2o 27 = T}

Pythonic (3} o] A t}-¥)

o) Eol A QA Y EL BN ZES

£55 o QEE 7ol ML ofol o]} 7= 274, o] F
for £& AFEIA ClH B ES RE 847 FF5&
FAEC OB, Fol ol o %A e

=5 %Oi -401%401]/\1 A= 2= o]qﬁg
Utk b2 B dlofol i o8l ERe
o 4 7Bl & NS = Fh

fu.

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

o 289, Folanie we o34t

for piece in food:

print (piece)

qualiﬁed name (3135 o] &
9 19 ":’4011/‘1 5o BoH A, T4, v o2 “HETE HY
_% o] . PEP 3155 9| A Ao g Ut} H ot S o Ao, FtstE o
ol £} 25Uk

N
>>> class C:

-

class D:
def meth (self):
pass

>>> C.__qualname
] C |l

J

) HJIO

7hel 7]l AHSE o, &3] A F3LE ol 5 (fully qualified name)-& 25 £ &2 S| 7| A 5
ANA RER 7= Ho2 25 o]2 2 ou| Ut} & £50],email .mime.text:

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

reference count (23 314)
The number of references to an object. When the reference count of an object drops to zero, it is deallocated.
Some objects are “immortal” and have reference counts that are never modified, and therefore the objects are
never deallocated. Reference counting is generally not visible to Python code, but it is a key element of the
CPython implementation. Programmers can call the sys.getrefcount () function to return the reference
count for a particular object.

regular package (73 =] 7] #])
_init__.py LS 2FetE HHAE Y 22 A5A A )AL

ol T INA = HA L.
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slots__
Felz ol A, AnE s EAREEE AP FAE TP st b g
AAGozHN W RE & d3sh= B3 FUT 7] A7 AR, o] Hla -2 SuE A ALg-s)
AFEAGRe dole Aol 12Y $8 22184 Be o dada dE S
2 f5sE Ao E5 UL
sequence (X] @ 2)

An iterable which supports efficient element access using integer indices via the _ getitem__ () special
method and defines a __len__ () method that returns the length of the sequence. Some built-in sequence

types are 1ist, str, tuple, and bytes. Note that dict also supports __getitem__ () and _ len_ (),
but is considered a mapping rather than a sequence because the lookups use arbitrary hashable keys rather
than integers.

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

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

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

single dispatch (A2 t] 23] x])
T3 o] shte] Az Foll 7| Z A AAEE Al 2 T taF) X 3 FH.
slice (&g}o]2)
B AL o AR DG AN, Gebel L AL 2aHS TS L
variable_name[1:3: 5(4 ?l’oﬂ/q 04?4 7H9/] %x}g ZELoE ‘E"E] ;ah/] E]- Eﬁgi (/“]
IYPE)F7HI YR 79,2 slice WA S AHE
soft deprecated

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

contains__ (),and___reversed_ ().

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

See PEP 387: Soft Deprecation.

special method (&4~ A &)
gho] # o] 6301] o] 0140, SlAl e Ao EAFOR TEHEWAE. oJd HiAEE F
Mo W& 7 A2 BEUE o] 22 21 Q5 Uth E4 1A &= specialnames ©f] A 2 W50 A
Lt
statement (=7
AL AGE (ZEQ “BE(block)) B FAIE BRI £ w94 oA =8
AR A8 7R R E =9 st Yt 718 if, while, for.

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

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

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

See also borrowed reference.

text encoding (] A E 217 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.
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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 (8] 2 E 5}¢))

str A E G & 5 Qv 3t A TF, H2E Y2 AAZE vl E AFHo|HAER S
g HAE BT ('pr T y)

A 233 AAE AT $ A AT HAE Yo oz
2 949 9+, sys.stdin, sys.stdout, io.StringTo 8] AAEAE

dlol =@ AA] 2 912 4 9t 5D AR ol thAA L vhe] U 2] 51 £ Fx A L.

w}iﬂ”)b}ﬂ%w}%ﬁ COAMNZ EYAA FAHE. 2 2% 3HUE S A FA1d ol gl
7155 Al A= FA T, A 714 o] Foll A ER7F AUt olaA o= H A e Feud
JL‘rﬁw}iJ% FALG otol] 28 = A= 5131, AZF EAE 22 G o Zo 24 ¢
Jed, 52EFHS L0 53] €2 U5

type ()

The type of a Python object determines what kind of object it is; every object has a type. An object’ s type is
accessible as its ___class___ attribute or can be retrieved with t ype (ob7).

type alias (3 o 4] o] %)
@2 ApExte] thdshel BEo A el Fol.

B ol dejolat 9 =S dessh o 8P oS 5

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

pass
|

e 2ol § 971 47 5 4 5Uth

-

Color = tuple[int, int, int]

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

o] 71%5& AWt typingd} PEP 4845 2314 2.

type hint (3 31 E)
Hy, ZHa EYRE D S v/ H g U ke 31 71 diH = 3 & A AQ 8F= o =H 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.

Aq WeE ALdsta, A9 W, 2U2 JEIARE Y 9 Y YEE typing.
get_type_hints () & AH&sto] AT 5 QFUT

o] 7152 A< typing ¥} PEP 4845 2 5HA 2.

=
~
anis}

universal newlines (-1 A & J 7))
0o 08 AES BT 29 £OE A4S, dAE AE YL A s fu4 AW B4
e '\n', L= Efﬂ \r\n"', A AL W NEA] & '\r'. F7HA QA ARE-of] Bdf A= bytes.

splitlines () ®ut ol e} PEP 278 2} PEP 3116 & E A S.
variable annotation (* 4> o] = €] 0] 4)
M e Fe2 ol Ee R e of o] 4.
A e Zef 2 o meHE] ol el ol A P ) B e AgIch:
class C
field annotation
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[count: int = 0

e o iH o] -2 A annassign o A A g U T

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}4} $17)
Sho| 1 AHB A9 88 22280l & ALl A AW THE shol 4 3-8 3
BFE FA oA, Ftol M wjxz H 7| A2 A FAUY YA o] EF
S EEEEEEERLEE)
venv & HA 2.

virtual machine (7}t 71 A])
£z ES ol vo 2 Aol R ARE. sholHe] 4 7 AL vl E ZE Azl 7 £ 5 o=
FEE A3}

Zen of Python (2}o] 4 Al)

glo]l W tzFel Pt s B2, Ao & o3t AFLsl=t =20 FYtTh o] EE L
318 ZE T E A “import this” & YW EJurch
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O] dHAOf 25}0q

o] A A= reStructuredText 2220 A BFE] R Aoz glo] A A YA E 93] 53] AlgH A 8] 7]

9l Sphinx & AH&-3< o

A Aol E AT EA Y N2 sfo] W ALA o mh A = A 0 2 A B AR =8 Ayt 7] o 8
T AT, #e] v o o 8t %E = reporting-bugs | ©] 2| = @'I’_ﬁl—é} A2, ME-E AL B AR = A v
I LI TH
the BEoA e AAE =hych

o Fred L. Drake, Jr., Q2 3}o]® AWA =3 A3t ZAx}o| A} @& ZElx9] &7}

« 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.

B.1 mo|W dFAMS SIS

B2 Aol shol
i

A Aol 71 Bs Utk 714 Ake) B2 )
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appeENDIX G

AR} 2fo Ml A

C.1 AZEQ0{Q A}

}o] -2 ABCEF= o] o] T A A& Al U] E 2k 2] Stichting Mathematisch Centrum (CWI, https://www.cwi.nl/
=) 2] Guido van Rossum ol 2] 3} 1990 dt] Z vkl Wkl H5Uth shoj ol the A2 &2 e w3
o) .85 917 ¥, Guido = 30] H9] 7.2 A A= ol %],

1995, Guido+ Virginia 2] Reston o] ]+ Corporation for National Research Initiatives(CNRI, https://www.cnri.
reston.va.us/ ) o A sho] M 2 S AL a1, o] Lol A oA HAY AZEYAE SAUFYTH

20003 59, Guido %} sho] A a4 7] 9El 2 BeOpen.com 2 2 % A A] BeOpen PythonLabs © & 74 3155
Ut Z+2 3 104, PythonLabs Bl -2 Digital Creations(3 ] Zope Corporation; https://www.zope.org/ 2Z) 2
L A5 Yth 2001 d, 5ho] & 4 = E 9 o] A H(PSF, https:/www.python.org/psf/ %) o] A g% g4 th
o] @All= stol M A A A QA afote s 5835 AYHE v F 8 24 YUt Zope Corporation-&
PSFo| 391 3| Yyt

2 A oo thal Al = htips://opensource.org/S FZ 34
Ut shel A W E e GPLT e LItk ohele] &

H
A
.

o
— o©°
A1), AAH O, YR
chea M E R 2 ke AU
HHZE  DHME R 2R GPL S &7
09.0~12 n/a 1991-1995 CWI yes
1.3~152 1.2 1995-1999 CNRI yes
1.6 1.5.2 2000 CNRI no
2.0 1.6 2000 BeOpen.com no
1.6.1 1.6 2001 CNRI no
2.1 2.0+1.6.1 2001 PSF no
2.0.1 2.0+1.6.1 2001 PSF yes
2.1.1 2.1+2.0.1 2001 PSF yes
2.1.2 2.1.1 2002 PSF yes
2.1.3 2.1.2 2002 PSF yes
2.2 o] A 2.1.1 2001-3 A} PSF yes
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GPL3} & 3H v} 212 92| 7L GPLE vlo] WS m| L3 th= AL 2 n|3iA & 5 UTth ZE vloj A
glo]l 2= GPLI} 28] o2 A S ééi S 0 £ AE WAL WEzS 5 IA Y
t}. GPL &% gfo] Al v}lo] W3} GPL 3o 2R E t}2 2z E9 o] 2 Ada 4 91 U} o=

)\.&
U—"C
A5 184 FaUTh

1w\

Guido®] A = 5to] o] Wi x5 7}5oHA vk B2 9 7 AL RS ol Al ZA=H Ut

C.2 TO|Mol| HMIASIHLE AFREL7| QI 0|2 b

glo] W A I E Qo] 9} A A= PSF License Agreement©l] e} gho] Al A 71 Fof g U,

v}o] A 3.8.6 5], AW A 9] oA, 2] X 7] e} 7 == PSF License Agreement 2} Zero-Clause BSD licensel|
wret o] gho] A 7h Foj gt

shol ol E3HE Q¥ Az e ojo] = ThE ehol A7k A g P Ut ehol Al S ehol Al 2ol s
£ =9 8 GAB U ol e ol dl20) BAR B2 wahE £m =)o o] o3l 2ol 4l u

Sog AL

C.2.1 PSF LICENSE AGREEMENT FOR PYTHON 3.12.8

This LICENSE AGREEMENT is between the Python Software Foundation ("PSF"), and
the Individual or Organization ("Licensee") accessing and otherwise using Python

=

3.12.8 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 3.12.8 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 3.12.8 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 3.12.8 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
3.12.8.

4. PSF 1is making Python 3.12.8 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 3.12.8 WILL NOT INFRINGE ANY THIRD PARTY RIGHTS.

5. PSF SHALL NOT BE LIABLE TO LICENSEE OR ANY OTHER USERS OF PYTHON 3.12.8
FOR ANY INCIDENTAL, SPECIAL, OR CONSEQUENTIAL DAMAGES OR LOSS AS A RESULT OF
MODIFYING, DISTRIBUTING, OR OTHERWISE USING PYTHON 3.12.8, 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, or any
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third party.

By copying, installing or otherwise using Python 3.12.8, 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

i.

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").

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.

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.

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.

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

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

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

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

C.2.3 CNRI LICENSE AGREEMENT FOR PYTHON 1.6.1

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

Subject to the terms and conditions of this License Agreement, CNRI hereby
(TH5 sl el Aol A)
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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."

3. In the event Licensee prepares a derivative work that is based on or
incorporates Python 1.6.1 or any part thereof, and wants to make the derivative
work available to others as provided herein, then Licensee hereby agrees to
include in any such work a brief summary of the changes made to Python 1.6.1.

4. CNRI is making Python 1.6.1 available to Licensee on an "AS IS" basis. CNRI
MAKES NO REPRESENTATIONS OR WARRANTIES, EXPRESS OR IMPLIED. BY WAY OF EXAMPLE,
BUT NOT LIMITATION, CNRI MAKES NO AND DISCLAIMS ANY REPRESENTATION OR WARRANTY
OF MERCHANTABILITY OR FITNESS FOR ANY PARTICULAR PURPOSE OR THAT THE USE OF
PYTHON 1.6.1 WILL NOT INFRINGE ANY THIRD PARTY RIGHTS.

5. CNRI SHALL NOT BE LIABLE TO LICENSEE OR ANY OTHER USERS OF PYTHON 1.6.1 FOR
ANY INCIDENTAL, SPECIAL, OR CONSEQUENTIAL DAMAGES OR LOSS AS A RESULT OF
MODIFYING, DISTRIBUTING, OR OTHERWISE USING PYTHON 1.6.1, OR ANY DERIVATIVE
THEREOF, EVEN IF ADVISED OF THE POSSIBILITY THEREOF.

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

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

8. By clicking on the "ACCEPT" button where indicated, or by copying, installing
or otherwise using Python 1.6.1, Licensee agrees to be bound by the terms and
conditions of this License Agreement.
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C.2.4 CWI LICENSE AGREEMENT FOR PYTHON 0.9.0 THROUGH 1.2

Copyright © 1991 - 1995, Stichting Mathematisch Centrum Amsterdam, The
Netherlands. All rights reserved.

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

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

C.2.5 ZERO-CLAUSE BSD LICENSE FOR CODE IN THE PYTHON 3.12.8 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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C.3.1 HEM EQ[AH

The _random C extension underlying the random module includes code based on a download from http://www.math.
sci.hiroshima-u.ac.jp/~m-mat/MT/MT2002/emt19937ar.html. The following are the verbatim comments from the
original code:

A C-program for MT19937, with initialization improved 2002/1/26.
Coded by Takuji Nishimura and Makoto Matsumoto.

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

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

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

(TH5 sl el Aol A)
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modification, are permitted provided that the following conditions
are met:

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

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

3. The names of its contributors may not be used to endorse or promote
products derived from this software without specific prior written

permission.

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS
"AS IS" AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT
LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR
A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE COPYRIGHT OWNER OR
CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL,
EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO,
PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR
PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF
LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING
NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE OF THIS
SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.

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

C.3.2 A3

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

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

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

modification, are permitted provided that the following conditions

are met:

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

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

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

THIS SOFTWARE IS PROVIDED BY THE PROJECT AND CONTRIBUTORS "‘AS IS'' AND
ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE
IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE
ARE DISCLAIMED. IN NO EVENT SHALL THE PROJECT OR CONTRIBUTORS BE LIABLE
FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL
(TF& sl o Ao A %)
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DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS
OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT
LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY
OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF
SUCH DAMAGE.

C.3.3 H|S7| A2 MH|A

The test .support.asynchat and test.support .asyncore modules contain the following notice:

Copyright 1996 by Sam Rushing

All Rights Reserved

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

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

C.3.4 F7| &g

http.cookies E Tha 22 2| AMg 23t

Copyright 2000 by Timothy O'Malley <timo@alum.mit.edu>

All Rights Reserved

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

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

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

Timothy O'Malley DISCLAIMS ALL WARRANTIES WITH REGARD TO THIS
SOFTWARE, INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY
AND FITNESS, IN NO EVENT SHALL Timothy O'Malley BE LIABLE FOR
ANY SPECIAL, INDIRECT OR CONSEQUENTIAL DAMAGES OR ANY DAMAGES
WHATSOEVER RESULTING FROM LOSS OF USE, DATA OR PROFITS,

WHETHER IN AN ACTION OF CONTRACT, NEGLIGENCE OR OTHER TORTIOUS

(Th= sl ol Aol A1)
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ACTION, ARISING OUT OF OR IN CONNECTION WITH THE USE OR
PERFORMANCE OF THIS SOFTWARE.

C35 A3 =X

trace RES T3} 2L 72 AFS TPk

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

Python 2.2 license.

Author: Zooko O'Whielacronx

http://zooko.com/

mailto:zooko@zooko.com

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

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

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

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

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

C.3.6 UUencode X UUdecode g4

wu BEL the g 2o 29 A 23S o)

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

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

(TH5 sl el Aol A)
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Modified by Jack Jansen, CWI, July 1995:
— Use binascii module to do the actual line-by-line conversion
between ascii and binary. This results in a 1000-fold speedup. The C
version is still 5 times faster, though.
— Arguments more compliant with Python standard

C3.7 XML YA T2 A &=

xmlrpc.client BREL T3 22 Y A 2383 th

The XML-RPC client interface is

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

By obtaining, using, and/or copying this software and/or its
associated documentation, you agree that you have read, understood,

and will comply with the following terms and conditions:

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

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

C.3.8 test_epoll

The test.test_epoll module contains the following notice:

Copyright (c) 2001-2006 Twisted Matrix Laboratories.

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

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

THE SOFTWARE IS PROVIDED "AS IS", WITHOUT WARRANTY OF ANY KIND,
EXPRESS OR IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF
(T2 sl o] Al ol A1)
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MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE AND
NONINFRINGEMENT. IN NO EVENT SHALL THE AUTHORS OR COPYRIGHT HOLDERS BE
LIABLE FOR ANY CLAIM, DAMAGES OR OTHER LIABILITY, WHETHER IN AN ACTION
OF CONTRACT, TORT OR OTHERWISE, ARISING FROM, OUT OF OR IN CONNECTION
WITH THE SOFTWARE OR THE USE OR OTHER DEALINGS IN THE SOFTWARE.

C.3.9 Select kqueue

select BE-L kqueve QB 5 o] 2ol thal T3} 22 Fo) AL ERFTH

Copyright (c) 2000 Doug White, 2006 James Knight, 2007 Christian Heimes
All rights reserved.

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

modification, are permitted provided that the following conditions

are met:

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

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

THIS SOFTWARE IS PROVIDED BY THE AUTHOR AND CONTRIBUTORS " 'AS IS'' AND

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

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

C.3.10 SipHash24

AFUTh of7]ell& tha 7 2 W&ol 23H o] d5uth

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

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

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

</MIT License>

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

(TH5 sl el Aol A)
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Solution inspired by code from:
Samuel Neves (supercop/crypto_auth/siphash24/1little)
djb (supercop/crypto_auth/siphash24/1ittle2)
Jean-Philippe Aumasson (https://131002.net/siphash/siphash24.c)

C.3.11 strtod 2} dtoa

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

/****************************************************************
*

* The author of this software is David M. Gay.
*

* Copyright (c) 1991, 2000, 2001 by Lucent Technologies.

* Permission to use, copy, modify, and distribute this software for any

* purpose without fee is hereby granted, provided that this entire notice
* is included in all copies of any software which is or includes a copy

* or modification of this software and in all copies of the supporting

* documentation for such software.

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

* REPRESENTATION OR WARRANTY OF ANY KIND CONCERNING THE MERCHANTABILITY

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

*

**k*************************************************************/

C.3.12 OpenSSL

The modules hashlib, posix, ss1, 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
(Th= sl o] A of] Al%)
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direction or management of such entity, whether by contract or
otherwise, or (ii) ownership of fifty percent (50%) or more of the
outstanding shares, or (iii) beneficial ownership of such entity.

"You" (or "Your") shall mean an individual or Legal Entity
exercising permissions granted by this License.

"Source" form shall mean the preferred form for making modifications,
including but not limited to software source code, documentation
source, and configuration files.

"Object" form shall mean any form resulting from mechanical
transformation or translation of a Source form, including but
not limited to compiled object code, generated documentation,
and conversions to other media types.

"Work" shall mean the work of authorship, whether in Source or
Object form, made available under the License, as indicated by a
copyright notice that is included in or attached to the work

(an example is provided in the Appendix below) .

"Derivative Works" shall mean any work, whether in Source or Object
form, that is based on (or derived from) the Work and for which the
editorial revisions, annotations, elaborations, or other modifications
represent, as a whole, an original work of authorship. For the purposes
of this License, Derivative Works shall not include works that remain
separable from, or merely link (or bind by name) to the interfaces of,
the Work and Derivative Works thereof.

"Contribution" shall mean any work of authorship, including

the original version of the Work and any modifications or additions

to that Work or Derivative Works thereof, that is intentionally
submitted to Licensor for inclusion in the Work by the copyright owner
or by an individual or Legal Entity authorized to submit on behalf of
the copyright owner. For the purposes of this definition, "submitted"
means any form of electronic, verbal, or written communication sent

to the Licensor or its representatives, including but not limited to
communication on electronic mailing lists, source code control systems,
and issue tracking systems that are managed by, or on behalf of, the
Licensor for the purpose of discussing and improving the Work, but
excluding communication that is conspicuously marked or otherwise
designated in writing by the copyright owner as "Not a Contribution."

"Contributor" shall mean Licensor and any individual or Legal Entity
on behalf of whom a Contribution has been received by Licensor and
subsequently incorporated within the Work.

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,

(TH5 sl el Aol A)
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worldwide, non-exclusive, no-charge, royalty-free, irrevocable
(except as stated in this section) patent license to make, have made,
use, offer to sell, sell, import, and otherwise transfer the Work,
where such license applies only to those patent claims licensable
by such Contributor that are necessarily infringed by their
Contribution(s) alone or by combination of their Contribution (s)
with the Work to which such Contribution(s) was submitted. If You
institute patent litigation against any entity (including a
cross—claim or counterclaim in a lawsuit) alleging that the Work
or a Contribution incorporated within the Work constitutes direct
or contributory patent infringement, then any patent licenses
granted to You under this License for that Work shall terminate
as of the date such litigation is filed.

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

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

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

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

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

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

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

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

7. Disclaimer of Warranty. Unless required by applicable law or
agreed to in writing, Licensor provides the Work (and each
Contributor provides its Contributions) on an "AS IS" BASIS,
WITHOUT WARRANTIES OR CONDITIONS OF ANY KIND, either express or
implied, including, without limitation, any warranties or conditions
of TITLE, NON-INFRINGEMENT, MERCHANTABILITY, or FITNESS FOR A
PARTICULAR PURPOSE. You are solely responsible for determining the
appropriateness of using or redistributing the Work and assume any
risks associated with Your exercise of permissions under this License.

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

9. Accepting Warranty or Additional Liability. While redistributing
the Work or Derivative Works thereof, You may choose to offer,
and charge a fee for, acceptance of support, warranty, indemnity,
or other liability obligations and/or rights consistent with this
License. However, in accepting such obligations, You may act only
on Your own behalf and on Your sole responsibility, not on behalf
of any other Contributor, and only if You agree to indemnify,
defend, and hold each Contributor harmless for any liability
incurred by, or claims asserted against, such Contributor by reason
of your accepting any such warranty or additional liability.

END OF TERMS AND CONDITIONS

C.3.13 expat

The pyexpat extension is built using an included copy of the expat sources unless the build is configured
—-—-with-system-expat:

Copyright (c) 1998, 1999, 2000 Thai Open Source Software Center Ltd
and Clark Cooper

Permission is hereby granted, free of charge, to any person obtaining
(TH5 sl el Aol A)
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a copy of this software and associated documentation files (the
"Software"), to deal in the Software without restriction, including
without limitation the rights to use, copy, modify, merge, publish,
distribute, sublicense, and/or sell copies of the Software, and to
permit persons to whom the Software is furnished to do so, subject to
the following conditions:

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

THE SOFTWARE IS PROVIDED "AS IS", WITHOUT WARRANTY OF ANY KIND,
EXPRESS OR IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE AND NONINFRINGEMENT.
IN NO EVENT SHALL THE AUTHORS OR COPYRIGHT HOLDERS BE LIABLE FOR ANY
CLAIM, DAMAGES OR OTHER LIABILITY, WHETHER IN AN ACTION OF CONTRACT,
TORT OR OTHERWISE, ARISING FROM, OUT OF OR IN CONNECTION WITH THE
SOFTWARE OR THE USE OR OTHER DEALINGS IN THE SOFTWARE.

C.3.14 libffi

The _ctypes C extension underlying the ct ypes module is built using an included copy of the libffi sources unless
the build is configured ——with-system-1ibffi:

Copyright (c) 1996-2008 Red Hat, Inc and others.

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

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

THE SOFTWARE IS PROVIDED " "AS IS'', WITHOUT WARRANTY OF ANY KIND,
EXPRESS OR IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE AND
NONINFRINGEMENT. IN NO EVENT SHALL THE AUTHORS OR COPYRIGHT
HOLDERS BE LIABLE FOR ANY CLAIM, DAMAGES OR OTHER LIABILITY,
WHETHER IN AN ACTION OF CONTRACT, TORT OR OTHERWISE, ARISING FROM,
OUT OF OR IN CONNECTION WITH THE SOFTWARE OR THE USE OR OTHER
DEALINGS IN THE SOFTWARE.

C.3.15 zlib
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Copyright (C) 1995-2011 Jean-loup Gailly and Mark Adler

This software is provided 'as-is', without any express or implied
warranty. In no event will the authors be held liable for any damages
arising from the use of this software.
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Permission is granted to anyone to use this software for any purpose,
including commercial applications, and to alter it and redistribute it
freely, subject to the following restrictions:

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

2. Altered source versions must be plainly marked as such, and must not be
misrepresented as being the original software.

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

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

C.3.16 cfuhash
tracemalloc o &8 AH&5 & s A] Blo] B9 732 cfuhash Z2AEE 7|uto 2 gy

Copyright (c) 2005 Don Owens
All rights reserved.

This code is released under the BSD license:

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

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

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

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

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS
"AS IS" AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT
LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS
FOR A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE
COPYRIGHT OWNER OR CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT,
INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES
(INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR
SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT,
STRICT LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE)
ARISING IN ANY WAY OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED
OF THE POSSIBILITY OF SUCH DAMAGE.
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C.3.17 libmpdec

The _decimal C extension underlying the decimal module is built using an included copy of the libmpdec library
unless the build is configured ——with-system-1ibmpdec:

Copyright (c) 2008-2020 Stefan Krah. All rights reserved.

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

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

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

THIS SOFTWARE IS PROVIDED BY THE AUTHOR AND CONTRIBUTORS "AS IS" AND

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

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

C.3.18 W3C C14NHIAE AQIE

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

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

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

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

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

* Neither the name of the W3C nor the names of its contributors may be
used to endorse or promote products derived from this work without
specific prior written permission.

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS
"AS IS" AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT
LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR
A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE COPYRIGHT
OWNER OR CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL,
SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT
LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE,
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DATA, OR PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY
THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT
(INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE
OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.

C.3.19 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
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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APPENDIX D
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Copyright © 2001-2023 Python Software Foundation. All rights reserved.

Copyright © 2000 BeOpen.com. All rights reserved.

Copyright © 1995-2000 Corporation for National Research Initiatives. All rights reserved.
Copyright © 1991-1995 Stichting Mathematisch Centrum. All rights reserved.
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