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

python.h 7} & ALG AL B 4 A= 715+ &5 8l 5ol B d 7|35 A9 st =7 eyt py
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static PyObject *

spam_system (PyObject *self, PyObject *args)
{
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const char *command;
int sts;

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

sts = system(command) ;

return PylLong_FromLong (sts);

}
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2.1.2 orZi=2: o2} o<

An important convention throughout the Python interpreter is the following: when a function fails, it should set an
exception condition and return an error value (usually -1 or a NULL pointer). Exception information is stored in
three members of the interpreter’ s thread state. These are NULL if there is no exception. Otherwise they are the
C equivalents of the members of the Python tuple returned by sys.exc_info (). These are the exception type,
exception instance, and a traceback object. It is important to know about them to understand how errors are passed
around.

Jpol 7 APIE= T2 @] ol 2] & A7) A% o2 S8 Ao gyt

% AMA QD AL pybrr setstring() YUTh QA= 9] AR C EAAAYT o9 AR BE
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errno
= AAsro] B gre FAT U 217 A L}Zi @ pyErr_SetObject () o] W, o 2] o} & Xl
Mol AA AAE AFUS o2 3 FaSoll A== AAE py_1ncrer () T B8+ 5 Th
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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.

(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.)

AN G5 5E2 AHD N FASFAH, pybrr Clear () & BE 0] o9 2AL YA H O A
Ak YL e C D= eymrs clear ) € B &0k she fAT w2l Arj=eo] Aeel
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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.

BEo| 1G9 E AT HE Q5T o2 A, QAR 5 A F LR A AN W52
A g ok

[static PyObject *SpamError;

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

2.1. CL} C++Z m}lo|M =t&tst7| 7
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PyMODINIT_FUNC
PyInit_spam(void)
{

PyObject *m;

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

SpamError = PyErr NewException ("spam.error", NULL, NULL);
if (PyModule_AddObjectRef (m, "error", SpamError) < 0) {
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 Except ion (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 Ol|d = =0l7t7|

ANA Fr= Fot7bA, o)Al A2 E-L o] E&= ol T 4 Slofok 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

8 Chapter 2. HM|&XxI £ Q0| &%t QLS 7|
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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 B8 YA T4 system() = T =9, PyArg_ParseTuple () A 4L EXEES A3yt

[sts = system (command) ; J

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

[return PyLong_FromLong (sts) ; J

o] 4%, B AAE AU (o, AF2AE sto| WA= g e AA YY)

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-& E4= 5}o] M A None ] C o] YU Th Qo Al B = o], Tk o] AF3ko| A] “of ]” & L5}
NULL Z Q1 E] 7} obU g} AR mho] A A A YT,
21.4 B E°| HME H|0|ED} =7|5} &tp

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

static PyMethodDef SpamMethods[] = {

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

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

Al AA] -5 (METH_VARARGS) ol 2] 3t Al 2. o] 212 QA Z g] g of| A| C E5ofl A& 73S 9y
Z=Z gyt 9ulA o 2 A METH VARARGS LFMETH_VARARGS | METH_KEYWORDS 0:] ok &tk o
&2 = AHSE Al o= Pyarg_ParseTuple () M o] AMSE S vl

METH_VARARGS W AFS- & ul, 4=+ to| A =5 wj 7§ W=7} pyArg_ParseTuple () & &S +F 4

AEHERFEE A2 A= 7t of Futh; o ol v AA S A H & 0}31101] Algg Y

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= HolE2 2E B F2A A FxH ooF gyt

static struct PyModuleDef spammodule = {
PyModuleDef_ HEAD_INIT,
"spam", /* name of module */

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

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

b

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:

2.1. CL} C++2 TIO|™ 25517 9
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PyMODINIT_FUNC
PyInit_spam(void)
{

return PyModule_Create (&spammodule) ;

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

When the Python program imports module spam for the first time, PyInit_spam() is called. (See below for
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, use PyImport_AppendInittab (),
optionally followed by an import of the module:

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

int

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

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

/* Add a built—-in module, before Py TInitialize */

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

/* Pass argv[0] to the Python interpreter */
status = PyConfig_SetBytesString (&config, &config.program_name, argv[0]);
if (PyStatus_Exception (status)) {

goto exception;

/* Initialize the Python interpreter. Required.
If this step fails, it will be a fatal error. */
status = Py_InitializeFromConfig(&config);
if (PyStatus_Exception(status)) A
goto exception;
}
PyConfig_Clear (&configqg);

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

(TH5 sl el Aol Al<)
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(o] sl o] A ol A AI)
// ... use Python C API here ...
return 0O;
exception:

PyConfig_Clear (&configqg);
Py_ExitStatusException (status);
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ATHE, Ffo] M A T E A Modules/main.c] —c B8 & 54 TS AHHEAA L)
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static PyObject *my_callback = NULL;

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

PyObject *result = NULL;

PyObject *temp;

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

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

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

}

return result;

This function must be registered with the interpreter using the METH_VARARGS flag; this is described in section =
59| A= g o] L3} % 7|3} 3+, The PyArg_ParseTuple () function and its arguments are documented in
section €7 ool A wj 7§ W4 =517,

W] 3 Z py_XINCREF () &} Py_XDECREF () = A 8] FZ A +5 Z7WZAA 719 nunL A E 7F & uff
QAT (2811} o] 2ol A] temp= w05o] o} 30] 591 844120, 441 2% 3 7-0] olo] e 3 A A&
BE7F ST

Uzol, & 22w, C T4 pyobject_CallObject () -2— YT o] gl F 7HY AR

(
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Fst oA B2 A BS2 4 o7
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Al stte] ate T st W, & 35 FEe AL Al L. py_Buildvalue () = 2 EAFE ol EZ
Abolol 07 o) e} Zl = TAH S W) FES WEFUL o W
N
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 () & IO AA ZAEHE W&EFUTH o] AL stol A T4 v d 3
YUtk Pyobject_CallObject () & AAFS} #HAFFe] “F2 34 ZHAYUth o] o of A
PyObject_CallObject () &2 A& py DECREF () H=AX BEE 07 AL A &

]
PyObject_CallObject ( (9 g2 A A G YT &A
AT, TebA, A ool AT Aol of il o AR} (B3I 1 gholl 410
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Py_DECREF () &f o 1]t}
a1} o] Y= -’F——g%}ﬂ Aol vkal zko] nunL o] obd 2] Bols) ok sttt & thd, sho]

n°1'
r[r

o E HA Al A ZE3 A YU} pPyObject_CallObject () 8= C T E7} Fho]HoA =5 9}5}‘5
°]7<ﬂ gtolx S EZA oA ol A E st JIE Z 2|7} 28] Ef o] AE A A Y T E3H I}
A 27} oA S A2 5 915 S Yick o tel B A A A G, pymercieer
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if (result == NULL)

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

ol &8l ol s 15 Q1etf ol ol Wk, pyobiect caiiobieot o A HEL ATH ot
o 2w LT A3 2L A o] AT T3 o] A 2 TR A

L 3} 7n;<ﬂg} Lo WA o' A AT AL 4 9L )

A B2 PASNEE S5 Utk ol B S AP 2ua Y
£ 5 2en AU B ol A4 oME HEE ARHAT, e RS AET 5 A0k

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) ;

Aol Py_DECREF (arglist) o] jX] o]l o] FA A ! 5 A 4
O]t Al £: Py_Buildvalue () ol W2 2] 7} £E53 4= glojA] EQlsl of gt

3 3
719 = ou}% A Q4 8}= pyobject_call () S AFE3le] 7191 = 9 z}7}
U

) =
o} §19] oo X ko], py_Buildvalue () & AHESto] A& FAF U

PyObject *dict;

52
o
=
l—(‘l
L _Ll

dict = Py_BuildvValue("{s:i}", "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 of7] e FE317|

PyArg_ParseTuple ( ) e o2 2ol AdH YTt

[int PyArg_ParseTuple (PyObject *arg, const char *format, ...); ]
arg 7L Thol Mol A C 42 AL £ 9l B2 o] E3H 5 AR ofoF Tk formar QA= F
A4 o] of o 3hu], B3-S 5ko] H/C AP @ 3 1 2 w4+ & 9] arg-parsing ol A B of Y%Ltk b A
At T EA D] g3 Fo] AAF & M4 Faolof Fuith

PyArg_ParseTuple () - 5}o] A Q1x}7F @ 75 & WX S v S5o] AL C W5 F49 §7
HE FAL oo GEUITh A5 E S, HE FEAAL Aol W el qs] WS Dol o
ey 2 AT A 2!

FEANA AT e ZE gt W AR Fxt Wl (borrowed) FZ L) FATFAAL; B2 A2

< 0olA m A L

2.1. CL} C++Z m}lo|M =t&tst7| 13



Extending and Embedding Python, Z2|A 3.14.0a7

2 7HA oA 5

#define PY_SSIZE_T CLEAN
#include <Python.h>

int ok;
int i, 7J;
long k, 1;

const char *s;

Py_ssize_t size;

ok = PyArg_ParseTuple (args, ""); /* No arguments */
/* Python call: f() */
ok = PyArg_ParseTuple (args, "s", &s); /* A string */
/* Possible Python call: f('whoops!') */
ok = PyArg ParseTuple(args, "1lls", &k, &1, &s); /* Two longs and a string */
/* Possible Python call: f(1, 2, 'three') */
ok = PyArg_ParseTuple (args, " (ii)s#", &i, &Jj, &s, &size);
/* A pair of ints and a string, whose size is also returned */
/* Possible Python call: f((1, 2), 'three') */
{
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) */
}
14 Chapter 2. M|AMx} =3 glo| &% OrE 7|
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2.1.8 27 S5 2I8 F|/E= 047 Hp

PyArg_ParseTupleAndKeywords () &g T2} Zho] A A FH Yt

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

arg &} format ") 7| A4~ PyArg_ParseTuple () &2 S LU th. kwdict HH 7] M= slol A HEFY
off Al Al AR wj7) M2 FAE 7|9 = ﬂ/»ﬂ]b]ﬂ AUt kwlist v 7] M4 w7 W E AW B

Aol i F 8 52U o 58 AR 2 EXOT formars] A AR} AU A3,
PyArg_ParseTupleAndKeywords () = 2 WtEsl, 22 %] o AALS H35t A A3l o9 &

AN A,

e Iz
A= ARE AL 0 FHH FEL FEEAY 5 QA5 UTH knlisrol] ]l A= w7 A5}
ALE H TypeError& A A YT

T}-&-2 Geoff Philbrick (philbrick@hks.com) 2] o A 2 7|¥lo g 3}, 7] 9 =2 A28t oA ZE U Th

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

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

int voltage;

const char *state = "a stiff";

const char *action = "voom";

const char *type = "Norwegian Blue";

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

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

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

Py_RETURN_NONE;

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

static struct PyModuleDef keywdargmodule = {
PyModuleDef HEAD_INIT,

(TH5 sl el Aol A)
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(o1 sl o] A ol A Al <5)
"keywdarg",
NULL,
,1,
keywdarg_methods
bi

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

2.1.9 9|9l g2 7&F5IY|
£ PyArg_ParseTuple () & B Ut o3} o] A A Yth:

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

)

PyArg_ParseTuple () oAl Q1AE = A} FASE Z Wl 9] A2 QA A 5FA| ul, Q1 x}(S42] &3 o] o}
U ef 21821 A th e 2 18] 7} of 1] 1 kol ol o S ch. sho] Ao A 525 C ol 4 3181 71o]
Aghel A shol W A4 2 whabgh o).

PyArg_ParseTuple () %] T 7}A] Apol A T2h= 3 AA| AA7} 72 o] o] of shA|

P YRACE FER BAH ) G2 AUTH, by suilavalue () & T4 =

20 A & ol 29 U LU AU FEE U=, 28 cada e e
None2 MHEHEIUI T 85 Shite] 2 o

A& WA 27 7H00] L} | B

Ql
AA (FEFL ZTE0laL, 5L 23 gtol A gAY h:

Py_BuildvValue ("") None
Py_Buildvalue ("i", 123) 123
Py_Buildvalue ("iii", 123, 456, 789) (123, 456, 789)
Py_Buildvalue ("s", "hello") 'hello'
Py_BuildvValue ("y", "hello") b'hello!'
Py_BuildvValue ("ss", "hello", "world") ('"hello', 'world')
Py_Buildvalue ("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,i)", 123, 456) (123, 4506)
Py_Buildvalue("[i,1]", 123, 456) [123, 456]
Py_Buildvalue ("{s:i,s:i}",

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

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

CU C++ 2} 22 Adojol| A, ol v Re] e 54 &3} & A= A =2 —"’-EHUVP [ igR =y
CollX =, malloc() ¥ free () TFE /\}35}04 °] S Yo C++°ﬂ/\1 =, 42FA} new2} delete

T 2AA0E Z2 U AEHY fEE AnEs =20 A2 Al As 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
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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.

H e T duky °] 94 A FEE STHHALAJN AEZYULH o & S0, TRy 852
et o | AARS =, B2 A SA S 5 S Ut oAl Feroll ek 8.7 AFgol WA o
oy 2A& @A = 71]4“}01] i gt AALE F7bstal 7t 270 H}ﬁ‘f@ AEF Furh o] 27
g2 3, 535 Usol Zuo 2ok o, ¢ W2 E5S s A sk 2e Ao E ] ds
Uth o]8jst F & da oA W TF LA A FEAHA AUt o8 €22 A 29 &2
FRAAT o] FA AW, hHFo] HAl Al A o= B2 7H v 2 e 7} 0101/‘1, T ot g8 A=
AHEohe L8] AdE = Z 2 A AT R4 }‘/}E}J‘/]D} utetA, old T/ g 9 3ol
Ags S+ 7 HB oA A== 3]'% Aol T2tk

3to] M & malloc () 3 free () & WO }*"“3}7] wfj o], W 2 A H W2 AR 3ok A
go] g3t AdH IS ’3}5— = M| 7] (reference countmg) E‘rl FUoh de= gyt BE
AA o= 7HeHE 2o 7 H = 7-1121101] th st = 7Fojd 7kl A2 W S 7tetal, 7}7‘7} 2HA 2
o] AU T 7R E 700 = %" St, A A of o g mpA 2t 2 7F ALAE A o] i AR 7F S Al Yt
A A=kS 25 78] A = F (automatic garbage collection) ©] E]-_T’_ gUth (W2, FZ 3 A7) 5 71 A
T Aol A, F 7HAE ] S8 “AHe = B A5 Uth) AHE 7 A| —’F—;Q-/] M2 A"

AgATY free ) B BAAOE $2F B2t Ytk AYUTh (E 02 £49 ol B SR W
] Aol AR — ol A& AT Aol ohdUth) BEE Col A9 B2 A% A o144 Sl
FAY 2 AT (B natioc) 3 free() ALY S A B oL C RO HATUTH WA=
o144 Qe A% FhilA £3 717 Ytk AUtk QA CE 93 S 23 o144 At AE A
SRS AEE 5 92 AYUTE a7 A, $oE B2 259} g dokop g A

It

shol e AEAN Fx A4 A7 TAL ASIAW, B2 B AAFE £8 2A 7 = AT P,
o2 53 8 2R IAL AP A0l A YA £ F2E REE A(0) Ao] ZE AT AHE 5]
A 7hu A 5419 SR AU Thol sl AR 3HA gkolE FUTh 2% w8 (MW AR A 0E) A4
of T FEE ZYSE AR L FAH A, w3 24 AR L 00] obd Fx AT AHYh JurA
2 A5 A7) PRI L 28 AR e 371 F27) glete B2 8 AR o] Sobe W=
S ool S8 AAol A B2 M2 E 55 4 gyt

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.

uo|MollM EZ= Bl M7

St= F 7§19 w32 Z py INCREF (x) 2} Py_DECREF (x) 7} 95 Yt}

Py_DECREF () & 37} E?—-}‘}_ ZﬂE BRCR= 1/]1:]-_ FAGE A, free) E AH
i %‘Q ot — AL, AR B AA (type object) ol Q= T Efﬂ i% 3l ST o] HH(E
T AAol= g & AA ol that ZAH = 23]
ojA & A&l ds Utk AA py_ INCREF (x) 2} Py_DECREF (x) & AFS U 7I? WA 2 712 §o]&
A ASYLE ofF = AAE “Af(owns)” 3HA] SkFUTH | LU, 7“21] 01] o st Li% A (own a
reference) & 4= Q5 U th A9 Fx 3 4E oA o] 7“74] ol e Fxs 3

afAks He %é I 2837 %}E o} Py _DECREF () & & &3 oF & E} ?‘14 i% I
3 "1/]1:} A8 FARE AJEIE A 71A B o] ) ’*141;} A, A% 9 py DECREF ()

e Mz Fash AT oL

n

N

¥.’4
N
& m]m &8

A A o o st & 9 2] = (borrow)? A= 7Fs 33U th 229 o) o X} (borrower) = Py _DECREF () & 3 &
A= FUSE oAt 1d AFAE T 28 AAE 27 otA = FFUTE AFATE ARG £
W B2 E A8 S AE W22l B A8 A ol QoiA] Al Fsof g T,

3 250 MRT L2719 oL TS FV P ZE JROIA F2E AT BR Poie
AT — =, Nele A28 ALY 27 T8 Aol F59 Aol A5 Uth 2faE Ao M4
Welt Qe BAL, AUl SNE TEA, WAE AFAS AARE FEE AR Fo] W2
#2718 4+ 9 B Aol ke AUt

2z 027 (borrowing)” 2+ A3 Sukz A GFUth £f A o] A8 F2 AES 7HA 3 YU h
Sz 0571 o) 4AA HAse AL 2532 gt — =z A AR 7F A E Wz ol AL 5 YolA ok A
A & AFUTH
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X E Py_INCREF () & E&3o] AFst 2= WA
AEFS UAA FFUT— N2 AFEH FRE
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Ao B FxE VB BB FHE Tz BA £25AL A

PyLong_FromLong () O]L]-nyBuildValue Oz /\H 7—]17‘“% HEE s Gl
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void
bug (PyObject *1list)
{
PyObject *item = PyList_GetItem(list, 0);

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

ol Fpe WA Lisc (o] ol tHE 2 E W o5, list (11 S o022 v, viA oz Wd Fx
Q4 Tt Fala] Kol X 22 a1x 7 127 ekLLiTH

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

e

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 call its __del_ () method.
Since it is written in Python, the _ del () method can execute arbitrary Python code. Could it perhaps do

something to invalidate the reference to item in bug () ? You bet! Assuming that the list passed into bug () is

18 Chapter 2. H|&Hx} =3 10| EH&F OHE 7|



Extending and Embedding Python, Z2|A 3.14.0a7

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 i tem.

AL s ¢ v, sl E 2 deunth: dAH R B2 A E s L. SHE WA
e v stk

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

Py_INCREF (item) ;

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

Py_DECREF (item) ;

J

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

UE Fzo BAZF JE F A e adeet dEad vy gy gz 12e] AA
AR s RS+ X*"* Fo] oA, TtolM B ZEHY oy ~d == D‘r% d%gl Z o 7] o
s T %i Utk 28, UHEE Py_BEGIN_ALLOW_THREADS & A}&OM o] & AAIH o= Ff A 5L
Py_END_ALLOW_THREADS = A}2-3}lo] ThA] 8 H & 4= 95Ut o] = 7 1/0 T Zo A &34, /0 7}
AFHE 7gEE FUHE Y ET Z2 AN E AT 5 °“:EEH4DP TR, o e o)A
ol 2o BA7 5 Th

i/
T
=
.L4
o
k=)
o

l

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

NULL = QIE]

Quidog, A F2g AR A Bt wonn EAHE ALY A0 2 |Gh5A ko], 137
o 0} 2 Y PUTH(EL o] ¥ To] §2E FUFUD. AH Z2E WBHE Fot dKow
o 91 71 AL Lhek) 7] 931 A 9 norL g WS ok L A4S AR 9 ol Rt S ol
T Adlo] we A g The ol APy fE YTt — 2 g4Thwon g AT, S8 A A7)
wo] wkAlElT FEvh o w A AgE ok

U] 2 & py_INCREF () 9} Py_DECREF () & NULL ZAEE AASHA syt — stA g 259 ¥
Py_XINCREF () 2} Py_XDECREF () = &olgtt}.

54 AA & &A3H7] sk vl T 2 (Pytype_Check ())+ NULL ZAEHE QOJ‘W LWHD} ﬂr/\l,
o8 713t Foll tisl AAE DA A&l AEHA o] EE o =3

AXNZFAAB YT NULL AAFE = WY 2 gls Y th

HAYZL C o] ALE 0} EZ (of o] = args) ©] A nuLLo] obdS B As g —
P4 REAS B,

NULL 3 V8 S 3ho] - ARG AFoll Al “wb A Y 7HA]” RE= A2 A 23 9

SeoeEr 2B 3F FAL AS T W ol B FAH A vtk — ol

A3 7% Tl A Bho] Mg e,
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2.1.11 C++2 E&F ZHM 517
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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.

89 BEY CAPIE &5 o A4S AT PHol & o8 A7 AU 24 9471 4
A% AAY, BECAPLEQEH AT w99 248 A2 AN+ 9 g
AR AN E e A e FES RS RED ZetoldE B E ol

9%tk

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.

53], CAPIE 3705t Hl AMSH = A golle tha 7 2ol wet ol 5= A A8l oF i th:

[modulename.attributename }

A9l &4 pyCapsule_Import () = AFESHH HES 53| Al Z2H CAPIE gA 22 & 5 AT, HAE
o]%o] o] FATD X uut 225U o] 322 C APL A2 Ao Al AFAlo] 2= 3 AFo] €ulE C
API7} 235 o] gtk 212 FUth

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

The exporting module is a modification of the spam module from section 7Fth3F o], The function spam.
system () does not call the C library function system () directly, but a function PySpam_System (), which would
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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)
{

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) ;

252 Al RO, e £ ¥R v

[#include <Python.h> }
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#define SPAM_MODULE
#include "spammodule.h"

#define2 3|0 I o] Zgo]AE
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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_Add(m, " _C _API", c_api_object) < 0) {
Py_DECREF (m) ;
return NULL;

(TH5 sl el Aol A)
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return m;

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

Zd Y EEL2 3o 3¢ spammodule.ho] 1o, o} 5 Y Th:

#ifndef Py_SPAMMODULE_H
#define Py_SPAMMODULE_H
#ifdef cplusplus

extern "C" {
#endif

/* Header file for spammodule */

/* C API functions */

#define PySpam_System NUM 0

#define PySpam_System RETURN int

#define PySpam_System PROTO (const char *command)

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

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

static PySpam_System_ RETURN PySpam_System PySpam_System PROTO;

#else

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

static void **PySpam_ API;

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

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

static int

import_spam(void)

{

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

}

#endif

#ifdef __cplusplus
s
#endif

#endif /* !defined (Py_SPAMMODULE_H) */

J

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

PyObject *m;

m = PyModule_Create (&clientmodule) ;
if (m == NULL)
return NULL;
if (import_spam() < 0)
return NULL;
/* additional initialization can happen here */
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 PyObiject structure itself only contains the object’ s reference count and a pointer to the
object’ s “type object”. This is where the action is; the type object determines which (C) functions get called by the
interpreter when, for instance, an attribute gets looked up on an object, a method called, or it is multiplied by another
object. These C functions are called “type methods” .

webA, A F3E S Aolsteld, A @ AA S vhSojof 3T

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 #x
o 7)o EAIBHE AL AR (saric) FFF L B AFAA PPYULE hREY §xo] A
ok FUITh CAPLE £ sytype Fronspoc() HAB A8l 1 2 4492 39 2 & 9120
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#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)
(Th= sl o] A ol Al%)
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.tp_name = "custom.Custom",
.tp_doc = PyDoc_STR("Custom objects"),
.tp_basicsize = sizeof (CustomObject),
.tp_itemsize = 0,
.tp_flags = Py_TPFLAGS_DEFAULT,
.tp_new = PyType_GenericNew,

bi

static 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;

if (PyModule_AddObjectRef (m, "Custom", (PyObject *) &CustomType) < 0) {

Py_DECREF (m) ;
return NULL;

return m;

oAl g Woll i oF & Z o] WA, o] 3t u 3 Ho] 7] E Hhgyth o] 34 Al A E A
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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 cust ommodule

struct.

A 22

typedef struct {
PyObject_HEAD
} CustomObject;

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

away the layout and to enable additional fields in debug builds.
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typedef struct {
PyObject_HEAD
double ob_fval;
} PyFloatObject;

= R AL g AR ) Aol U,

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

bi

0 3Ixn
27 22| 9= B E PyTypeObject BEE UE3HA g1l =9 Ad A E AH 22 dogd,
2 9} Zro] C99 ~EF 9] A ¥ (designated) Z7] A= /\]—&3]'— Zlo] 5 Ut
object.hol & PyTypeObject & AA| A& AY Aoty @& F=& 25Utk UYwA Z=+
cHstd ol o 002 QYA W, BR3HA ko PA|H 02 A H3HA] ok= Zl o] duba Yyt
3wl & A=A 0z oheel 1 g
[.obfbase = PyVarObject_ HEAD_INIT (NULL, O)
o] 22 AollA AFstob_base BEF X735} 517] Sgt B4 &7 JUTh
[.tp_name = "custom.Custom", }
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>>> "" + 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 firstin its __bases

, or else it will not be able to call your type’ s __new___

() method without getting an

error. You can avoid this problem by ensuring that your type has a larger value for tp_basicsize than its base
type does. Most of the time, this will be true anyway, because either your base type will be object, or else you

will be adding data members to your base type, and therefore increasing its size.

We set the class flags to Py_TPFLAGS_DEFAULT.

[ .tp_flags = Py_TPFLAGS_DEFAULT,

A, 33 22 15 OR 3 oF T
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[.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.

if (PyModule_AddObjectRef (m, "Custom", (PyObject *) &CustomType) < 0) {

Py_DECREF (m) ;
return NULL;

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

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

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

[build-system]

requires = ["setuptools"]

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

name = "custom"

version = "1"

in a file called pyproject.toml, and

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

28A YA P5UTh 18R he?
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Let’ s extend the basic example to add some data and methods. Let’ s also make the type usable as a base class. We’
1l create a new module, custom?2 that adds these capabilities:

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

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

} CustomObject;

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

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

CustomObject *self;

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

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

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

3
return (PyObject *) self;

static int

(TH5 sl el Aol A)
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Custom_init (PyObject *op, PyObject *args, PyObject *kwds)
{
CustomObject *self = (CustomObject *) op;
static char *kwlist[] = {"first", "last", "number", NULL};
PyObject *first = NULL, *last = NULL;

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

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

return 0O;

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

bi

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

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

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

static PyTypeObject CustomType = {
.ob_base = PyVarObject_ HEAD_INIT (NULL, O0)
.tp_name = "custom2.Custom",
.tp_doc = PyDoc_STR("Custom objects"),

(TH5 sl el Aol A)
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.tp_basicsize = sizeof (CustomObject),
.tp_itemsize = 0,
.tp_flags = Py_TPFLAGS_DEFAULT |

Custom_new,

Py_TPFLAGS_BASETYPE,
.tp_new =
Custom_init,

Custom_dealloc,

.tp_init =
.tp_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_custom?2 (void)
{

PyObject *m;

if (PyType_Ready (&CustomType) < 0)
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.

AA F2A € v 2ol g Yt

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

} CustomObject;

/* first name */
=/

/* last name

ol Al el & dlo €7t A7) w o, A BT}
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static void

Custom_dealloc (PyObject *op)

{
CustomObject *self = (CustomObject *)
Py_XDECREF (self->first);

op;

(TH5 sl el Aol A)
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Py_XDECREF (self->last);
Py_TYPE (self)->tp_free(self);

o]+ tp_dealloc WH ol b Ut}

[.tp_dealloc = Custom_dealloc,

1

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 Ix

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

In existing code, or in previous versions of this tutorial, you might see similar functions take a pointer to the

subtype object structure (CustomObject *) directly, like this:

Custom_dealloc (CustomObject *self)
{

Py_XDECREF (self->first);

Py_XDECREF (self->last);

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

.tp_dealloc = (destructor) Custom_dealloc,

J

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

undefined behavior.

o8 A} o]lBo] ¥l BRI R 27]3}E TR 513 A o], tp_new LA AFFTH

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;
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[.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.
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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.)
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static int

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

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

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

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

(TH5 sl el Aol A)
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Py_XDECREF (tmp) ;

}

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

I3

return 0O;

O] AL R tp_init EF& AMFYth

[.tp_init = Custom_init,

J

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

—1 on error.

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

values. We might be tempted, for example to assign the £irst member like this:

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

But this would be risky. Our type doesn’ t restrict the type of the £irst member, so it could be any kind of object.
It could have a destructor that causes code to be executed that tries to access the £irst member; or that destructor

could detach the thread state and let arbitrary code run in other threads that accesses and modifies our object.
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our type’ s code;
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when we know that deallocation of the object' will neither detach the thread state nor cause any calls back into
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static PyMemberDef Custom_members|[] = {
{"first", Py_T_OBJECT_EX, offsetof (CustomObject, first), O,
"first name"},
{"last", Py_T_OBJECT_EX, offsetof (CustomObject, last), O,
"last name"},
{"number", Py_T_INT, offsetof (CustomObject, number), 0,
"custom number"},
{NULL} /* Sentinel */
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[.tp_members = Custom_members, ]
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We define a single method, Custom.name (), that outputs the objects name as the concatenation of the first and last
names.

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

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

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

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

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

ojAl MIMEE BT U A= Ho MidS TEofoF gt

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

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

ﬂ_ﬂ 2l tp_methods {—_-f%oﬂ ‘:H C\’:] @‘14 1_4'2

[.tp_methods = Custom_methods,

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

2.2, &S Hol5h7|: REEAM 33




Extending and Embedding Python, Z2|A 3.14.0a7

[.tp_flags = 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

2.23 OIO|E HER|RFEE O MYstAl A0{517]

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

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

CustomObject *self;

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

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

Py_DECREF (self);

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

Py_DECREF (self);

(T2 ol Al ol A1)
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return NULL;
}
self->number = 0;

I3
return (PyObject *) self;

static int

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

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

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

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

return 0;

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

bi

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

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

(TH5 sl el Aol A)
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static PyObject *

Custom_getlast (PyObject *op, void *closure)

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

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

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

bi

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

CustomObject *self = (CustomObject *) op;

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

{"name", Custom_name, METH_NOARGS,

"Return the name, combining the first and last name"

b

{NULL} /* Sentinel */
bi

static PyTypeObject CustomType = {
.0b_base = PyVarObject_ HEAD_INIT (NULL, O0)
.tp_name = "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,

(TH5 sl el Aol A)
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.tp_init = Custom_init,

.tp_dealloc

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.",
.m_size = -1,
bi

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

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

if (PyModule_AddObjectRef (m, "Custom", (PyObject *) &CustomType) < 0) {

Py_DECREF (m) ;
return NULL;

return m;

J

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

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

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

(TH5 sl el Aol A)
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return -1;
}
tmp self->first;
Py_INCREF (value) ;
self->first = value;
Py_DECREF (tmp) ;
return 0O;

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

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

PyGetSetDef XA wjgE w5tk

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

I8 tp_getset 59 TS5FYth:

[.tp_getset = Custom_getsetters, J

PyGetSetDef XA 9] npA| gt G52 oA AFS “F2A” YUth o] Af, FE2EAE AFE3HA] ot
A, nunn ek A sy o},
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static PyMemberDef Custom_members[] = {
{"number", Py_T_INT, offsetof (CustomObject, number), O,
"custom number"},
{NULL} /* Sentinel */

bi

TS AT AGEEE cp_init A 2|75 A oF P ch

Mo

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

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

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

(TH5 sl el Aol A<)
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return -1;

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

I3

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

ol g WAL F3l, rirst & 1ast W7k Ao wurne] ohy ek FA S glojAl, A BE Aol
NULL 3% FAAHE 117%3‘* A5 UTh o] 22 o 729 Py XDECREF () $Z°] Py_DECREF () SE= ¥%d
T 9}%%4\31?&%} Wﬂfﬂii% A7 5 Qe F Y8 At tp_dealloc FH A A, tp_new

L3 o] W I =, X 7lﬂ doll X BE 273 ot 28 ol 52 WML, setup.py IHD ol 7}
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>>> 1 = []
>>> 1.append (1)
>>> del 1

o] oo A], AFAI & E3tetE= g AEE S Utth AAEI = o A S| AHA FER7F ST IR 357
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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:

o

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

} CustomObject;

first name */

static int

Custom_traverse (PyObject *op, visitproc visit, wvoid *arg)

{

CustomObject *self = (CustomObject *) op;
Py _VISIT (self->first);
Py _VISIT (self->last);
return 0O;
}
static int
Custom_clear (PyObject *op)
{
CustomObject *self = (CustomObject *) op;

Py_CLEAR(self->first);
Py_CLEAR(self->last);
return 0O;

static void

Custom_dealloc (PyObject *op)

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

static PyObject *
Custom_new (PyTypeObject *type,
{

PyObject *args,

CustomObject *self;
self = (CustomObject *)
if (self != NULL) {
self->first =
if (self->first == NULL) {
Py_DECREF (self);
return NULL;

type->tp_alloc (type, 0);

}

self->last =

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

}

self->number = 0;

}

return (PyObject *) self;

static int

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

Py_GetConstant (Py_CONSTANT_EMPTY_STR) ;

Py_GetConstant (Py_CONSTANT_EMPTY_STR) ;

(o1 sl o] A ol A A1)

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

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

return -1;

if (first) |
Py_SETREF (self->first, Py_NewRef (first));
}
if (last) A
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 (PyObject *op, wvoid *closure)
{
CustomObject *self = (CustomObject *) op;
return Py_NewRef (self->first);

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

static PyObject *

Custom_getlast (PyObject *op, woid *closure)

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

(TH5 sl el Aol A)
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static int
Custom_setlast (PyObject *op, PyObject *value, void *closure)
{

CustomObject *self = (CustomObject *) op;

if (value == NULL) {

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

return -1;
}
if (!PyUnicode_Check (value)) {
PyErr_SetString (PyExc_TypeError,
"The last attribute value must be a string");
return -1;
}
Py_XSETREF (self->last, Py_NewRef (value));
return 0;

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

i

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

CustomObject *self = (CustomObject *) op;

return PyUnicode_FromFormat ("$S %S", self->first, self->last);
I3
static PyMethodDef Custom_methods[] = {

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

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

.tp_flags = Py_TPFLAGS_DEFAULT | Py_TPFLAGS_BASETYPE | Py TPFLAGS_HAVE_GC,

.tp_new = Custom_new,
.tp_init = Custom_init,
.tp_dealloc = Custom_dealloc,
.tp_traverse = Custom_traverse,
.tp_clear = Custom_clear,
.tp_members = Custom_members,
.tp_methods = Custom_methods,
.tp_getset = Custom_getsetters,
bi

(TH5 sl el Aol A)
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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;
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;

return m;
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static int

Custom_traverse (PyObject *op, visitproc visit, wvoid *arg)

{

CustomObject *self = (CustomObject *) op;
int vret;
if (self->first) {
vret = visit (self->first, arqg);
if (vret != 0)
return vret;
}
if (self->last) {
vret = visit (self->last, arg);
if (vret != 0)
return vret;
}

return 0O;

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.

spo]l W2 visit 5 TES AF IS py_visiT() WARE AT F Yk py visiT() & AHSSHH,
Custom_traverse oA #&TF ¥ H 43T 5 5 Uch

static int

Custom_traverse (PyObject *op, visitproc visit, woid *arg)

{

CustomObject *self = (CustomObject *) op;

(Th= sl o] A ol A%)
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Py VISIT(self->first);
Py _VISIT (self->last);
return 0O;

(o] sl o] A ol A AI)
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static int
Custom_clear (PyObject *op)
{

CustomObject *self = (CustomObject *) op;
Py_CLEAR (self->first);
Py_CLEAR(self->1last);
return 0O;
}
Py CLEAR () )22 ALo) F 5PN L, F2 ASE FolWA 92§ vlolE JEDRES A9
BFE 2 AT YT nuLLE A A FE7] Aol o] ER]HE oA py_xDECREF () & Al E& 30 H,
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PyObject *tmp;

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

I %, oEYREE AA T uf ey _cLEarR() B AHESH)7FEN 3 st AUk A2
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static void
Custom_dealloc (PyObject *op)
{
PyObject_GC_UnTrack (op) ;
(void) Custom_clear (op) ;
Py_TYPE (op) —>tp_free (op) ;
}
Finally, we add the py_TPFLAGS_HAVE_GC flag to the class flags:
[.tp_flags = Py_TPFLAGS_DEFAULT | Py_TPFLAGS_BASETYPE | Py_TPFLAGS_HAVE_GC, J
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In this example we will create a SubList type that inherits from the built-in 1ist type. The new type will be

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

>>> import sublist

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

>>> print (len(s))

6

>>> print (s.increment ())

1

>>> print (s.increment ())

2

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

typedef struct {
PyListObject list;
int state;

} SubListObject;

static PyObject *
SubList_increment (PyObject *op, PyObject *Py_UNUSED (dummy) )
{
SubListObject *self = (SubListObject *) op;
self->state++;
return PyLong_ FromLong (self->state);

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

bi

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

SubListObject *self = (SubListObject *) op;

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

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

static PyTypeObject SubListType = {
PyVarObject_ HEAD_INIT (NULL, O0)
.tp_name = "sublist.SubList",
(Th= sl o] A of] Al%)
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.tp_doc = PyDoc_STR("SubList objects"),
.tp_basicsize = sizeof (SubListObject),
.tp_itemsize = 0,
.tp_flags = Py_TPFLAGS_DEFAULT | Py_TPFLAGS_BASETYPE,
.tp_init = SubList_init,
.tp_methods = SubList_methods,
bi

static PyModuleDef sublistmodule = {
PyModuleDef_ HEAD_INIT,

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

bi

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

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

if (PyModule_AddObjectRef (m, "SubList", (PyObject *) &SubListType) < 0) {

Py_DECREF (m) ;
return NULL;

return m;

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

typedef struct {
PyListObject list;
int state;

} SubListObject;

Y P AA Y F=8 Aol 2 Wo] 2o AX F2A7F A A gholojof AhE AU T Hlo]AF 2
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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 (PyObject *op, PyObject *args, PyObject *kwds)
{

SubListObject *self = (SubListObject *) op;

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

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

(Th= sl o] A ol A%)
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We see above how to call through to the __init__ () method of the base type.

o] 2 AFEAF B9 tp_new®} tp_dealloc W E Zi+= FS AT o T RFYTH tp_new A 7] =
AAR tp_allocg AHE3H] AA 9 WR & PHEA B, wo]x Fe 27t AA| tp_newE T &3]
A 2] =& s oF it}

PyTypeObject X A= G| LA wlo]A FePAE A AJFE= tp_base s
e AR Al pyList_Typeo HZF 2 Y =S AH A&+

gh4ol A 43 o g T

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;

if (PyModule_AddObjectRef (m, "SubList", (PyObject *) &SubListType) < 0) {

Py_DECREF (m) ;
return NULL;

return m;

PyType_Ready () & &Z&38}7] Ao, @ F 2 Aol tp_base EX0] A A Slojop Ut 7| S 38T
o], PyType_GenericNew () & tp_alloc €5 S AL 2= QS Urth-vjo]Ad o I b‘1'/\7]- Apas =

Yo,

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

2.3 =yd gelstrl: 043 7Hx| FH|

o
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Here is the definition of PyTypeObject, with some fields only used in debug builds omitted:

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

/* Methods to implement standard operations */

destructor tp_dealloc;

Py_ssize_t tp_vectorcall offset;

getattrfunc tp_getattr;

setattrfunc tp_setattr;

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

or tp_reserved (Python 3) */
(th sl o] A ol A%
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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 */
PyMethodDef *tp_methods;

PyMemberDef *tp_members;

PyGetSetDef *tp_getset;

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

PyObject *tp_dict;

descrgetfunc tp_descr_get;

descrsetfunc tp_descr_set;

Py_ssize_t tp_dictoffset;

initproc tp_init;

allocfunc tp_alloc;

newfunc tp_new;

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

(TH5 sl el Aol A)
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inquiry tp_is_gc; /* For PyObject_IS _GC */
PyObject *tp_bases;
PyObject *tp_mro; /* method resolution order */
PyObject *tp_cache; /* no longer used */
void *tp_subclasses; /* for static builtin types this is an index */
PyObject *tp_weaklist; /* not used for static builtin types */
destructor tp_del;

/* Type attribute cache version tag. Added in version 2.6.
* If zero, the cache is invalid and must be initialized.
*/

unsigned int tp_version_tag;

destructor tp_finalize;
vectorcallfunc tp_vectorcall;

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

/* Number of tp_version_tag values used.
* Set to _Py ATTR CACHE_UNUSED if the attribute cache is
* disabled for this type (e.g. due to custom MRO entries).
* Otherwise, limited to MAX VERSIONS_ PER CLASS (defined elsewhere).
*/
uintl6_t tp_versions_used;

} PyTypeObject;
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static void

newdatatype_dealloc (PyObject *op)

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

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

static void

newdatatype_dealloc (PyObject *op)

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

Py_TYPE (self) >tp_free(self);

““;‘ﬂXﬂ T F2A 2T AT T U AR A A E IR A Folokdtke AP U
e Z 2] El 7} sto]H 283 H 5 o) @9 A 717 A TEH 7] wjEoll T eh 2= o] (P4

1ol hgho] o} o) o512 Q1o 5 22, 2% A1 4217 o1l Ao DS 5 G o
AL O RAE 2 A dHUh FFHA 7)Ao 2o sol W AL AR 5 YES S
FHEAL AN AN RS FAT 5 A UTh olx AEnEI} EFFHES T 5 QG
°18 PATE Sk e GASA e 28 £AFY) Aol AR F o9& AFstn dns
HEAsh= AdYrh PyErrJetch()BPPyErr,Restoreu FrE ARG st 3T 5 S UTth
static void
my_dealloc (PyObject *obj)
{

MyObject *self = (MyObject *) obj;

PyObject *cbresult;

if (self->my_callback != NULL) {

PyObject *err_type, *err_value, *err_traceback;

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

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

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

Py_DECREF (self->my_callback);

}
Py_TYPE (self)->tp_free(self);
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reprfunc tp_repr;
reprfunc tp_str;
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static PyObject *
newdatatype_repr (PyObject *op)
{
newdatatypeobject *self = (newdatatypeobject *) op;
return PyUnicode_FromFormat ("Repr-ified newdatatype{{size:%d}}",
self->obj_UnderlyingDatatypePtr->size);

J

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

tp_str A8 7]+= str () o )3k 2 o]z, $J ol A Aé“éﬁ&tp_repr 2] 718} repr () 7&% A 9} e BA
JUt}; &, gfo M =7} 7“i1]4 ArBE2qstr() S ETE2T ) SEFUTH T+ tp_repr 59}
- FAFSEA o, A3 2D *}E‘Ol AHE3H7] Hd JUth tp_str= A F o}zl %Oom, tp repr

21717 4l AH8 8 U ok
g ket o o

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

H2 ({EZ|RE 22|
gREe] 482 st o EHEW AEE YL 28 0d, oJEREE A3 BtEE 22
FAYPU7R =8 oFst= 2 7HR 2 A9 A5y th
1. PyType_Ready () 7} EE 2 ul] o] EZHEQ] o] F& &ofof gt
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£ 0T R WU 2 2SR QAT AR 8 ol el H-E o] ek 9 8 Ao T
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struct PyMethodDef *tp_methods;
struct PyMemberDef *tp_members;
struct PyGetSetDef *tp_getset;

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

FzA 2] A2EAYYTH

e

rlo

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.

T oA o B dnhse] A48 dolge] A4 B & o= HES A she vl AHgH ULk
CHeFe 718 CHol AAS ™, AA 2 97] Agel A 9 2719 & QE U HelBe] TRAE

che 2ol Bel gy

typedef struct PyMemberDef ({
const char *name;
int type;
(Th2 sl o] A of] Al
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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 f1ags 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
1t.

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 using its __doc___
attribute.

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

g4 0{EZRE 22|

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.

o & the 3 25U Th

static PyObject *
newdatatype_getattr (PyObject *op, char *name)
{

newdatatypeobject *self = (newdatatypeobject *) op;
if (strcmp(name, "data") == 0) {
return Pylong_FromLong(self->data);

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

return NULL;

J

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

{
PyErr_Format (PyExc_RuntimeError, "Read-only attribute: $%$s", name);
return -1;
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[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.

2 xlE o 277 2o 2k a2 HolE del g A4S PEL the T 24Utk

static PyObject *
newdatatype_richcmp (PyObject *1lhs, PyObject *rhs, int op)
{
newdatatypeobject *objl = (newdatatypeobject *) lhs;
newdatatypeobject *obj2 = (newdatatypeobject *) rhs;
PyObject *result;
int ¢, sizel, size2;

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

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

switch (op) {

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

}
result = ¢ ? Py_True : Py_False;
return Py_NewRef (result);
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PyNumberMethods *tp_as_number;
PySequenceMethods *tp_as_sequence;
PyMappingMethods *tp_as_mapping;

AHZY AA7E 2 AlEAS B w3 7—"‘??1] AE ZE =5 32, C¥ pyNumberMethods,
PySequenceMethods -+ PyMappingMethods S Z}Z F A S= F XA Y FAE XUt} o] £
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static Py_hash_t
newdatatype_hash (PyObject *op)
{

newdatatypeobject *self
Py_hash_t result;

result
if

(result

-1)
-2;

{

result

}

return result;

(newdatatypeobject *)

self->some_size + 32767 * self->some_number;

op;
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[ternaryfunc tp_call;
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static PyObject *
newdatatype_call (PyObject *op,
{

*self

newdatatypeobject
PyObject *result;
const char *argl;
const char *arg2;
const char *arg3;
if (!PyArg_ParseTuple (args,
return NULL;

}

result

PyUnicode_FromFormat (
dl]

)

"Returning —-- value: [%

argl, arg2, arg3);

return result;

PyObject *args,

(newdatatypeobject *)

"sss:call",

argl:
self->o0bj_UnderlyingDatatypePtr->size,

PyObject *kwds)

Oop;

&argl, &arg2, &arg3)) A

[$s] arg2:
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/* Iterators */
getiterfunc tp_iter;
iternextfunc tp_iternext;

These functions provide support for the iterator protocol. Both handlers take exactly one parameter, the instance for
which they are being called, and return a new reference. In the case of an error, they should set an exception and
return NULL. tp_iter corresponds to the Python __iter () method, while tp_iternext corresponds to the
Python _ next__ () method.
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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, O)
/* ... 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 ()):

static void

Trivial_dealloc (PyObject *op)

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

56 Chapter 2. H|&fXI =7 Qi0| &% OtE 7|




Extending and Embedding Python, Z2|A 3.14.0a7
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if (!PyObject_TypeCheck (some_object, &MyType)) {
PyErr_SetString (PyExc_TypeError, "arg #1 not a mything");
return NULL;

] 27
CPython 22 HXAE 22 EF A L.
https://www.python.org/downloads/source/

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

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

CPython®] C &2 2713} & R U= & eholB 2 dUt} (€ 5°], Bl H2E .so, EFE
.pyd).

YEZE T 9loqu, T4 2tol Bl g7} pyTHoNPATHO Qlojof 5t1, B F o] 55 wel A AT AL
2ol o5 A 2 Ut

[e]
ell=)
ok )t} setuptools & AR5 H, SulE 1Y o] Bo] ApF o8 YA
7 2o AYe 2eh

PyObject *PyInit_modulename (void)

9+ 5] 5_7]:9:]—3 E ] PyModuleDef A2HAE
e PEY

rz

g3yt ARA 8F Y-8 initializing-modules &

ASCIIZ ¥t o] RolX o] F& 7I R &Y AF, @Y o= PyInit_<modulename> o] of of F . of
7] ’ﬂ <modulename> <& _‘?_‘5:594 o]£ o g %33t} multi-phase-initialization S A& & w] ASCII 7} o}

o]E o] FLH UL} o] AL, 273 T4 o] EL pyInitU_<modulename> ©] M <modulename>-2
34'0155_9] punycode Q1F QYO0 2 Ol FQE 11 slo]| =L W=7 thA| gl go]HoA:

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

¥ 27]3 F5F o ste] B Ff ol Hejelol A ole BES YR S gdHUTh T4, o] 52
A Ao DR Dand g 4] B AL B B o)A 2 79 o] §o) ek
Fout B A= 7] iR Th A4 8§ PEP 4899] @ ehol e 2o ole] E” A2 FE I L.

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

Python 3.12 and newer no longer come with distutils. Please refer to the setuptools documentation at https:
//setuptools.readthedocs.io/en/latest/setuptools.html to learn more about how build and distribute C/C++ extensions
with setuptools.
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A= oA, Y2 E gfolBE 2| & /\P“l‘ + AL import spame AR§3SH= erﬂ]%@‘%‘jr; o] Z & 2~
Hol o] & ]°“/‘ﬂ£€}—’r— UEF A o HE O] BEAMR S THEA &= 5 UTh fF Y20 A, gto] Bl 2]}
A= 212 from spam import *2} T H]%a‘/]q,‘*‘CJ BAMR S “P‘:‘JD}

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

Added in version 3.14.

2.5.3 DLLZ &/H|E ALZ25}7]

A=-¢ sfo] & Microsoft Visual C++ & W EFH JFUTH T8 A3 & A8 ste AL 54T o5
AL IAFA = T2 AFUHh o] Ao A HE2

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

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

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

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

The first command created three files: spam.ob5, spam.dl11l and spam.lib. Spam.dl1 does not contain
any Python functions (such as PyArg_ParseTuple () ), but it does know how to find the Python code thanks
to the implicitly linked pythonXY.1ib.

F A HE 2 ni.d11(22] 3 .obi S} . 1ib)S THEAHF Y TH spam T} 3ho] M A e upd oA I g st

Bes e uge 3w sy

2. Manually by defining Py_NO_1INK_LIBmacro before including Python.h. You must pass pythonXy.1lib
to the linker.

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

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

A AR 32 A e FdE HEASF5 YT spam. obj, spam dll ¥ spam.lib. Spam.dl1l1-< 3}
o] &4 (7}3 PyArg_ParseTuple ()= ET5}A] A U pythonXy.lib G&0] gfo]H Z &= E
e 2w Yk
F A HE 2 ni.d11(28] 2 .obi S} . 1ib)S WHEAHFYTH spam 3} Fho] A A e spd o A D g st
T4 2EPRS BT dwUn

REAUAS B2 HoRE URUAL SHUT G2 REG@ N o AUAE 2 4

9;]\71] 0]'3]] tﬂ, void _declspec(dllexport) initspam(void) 1/]— PyObject _declspec(dllexport)
*NiGetSpamData (void) ﬂ ‘:’E] _declspec (dllexport) F/]:T’_ A O‘i%ﬂ O]E ‘Q"J 1’4‘

Developer Studio+= 4! Xili osA e W2 X E golH g & dA YA A8 5t ek 100KE
271t o) AES A AW, 22 AE HA )3} AAE E5 ignore default libraries S A A 3H A .
2492 msvert xx. lib% glolH & g] B E o =7} A L.
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3.1.1 B4 D4Ee| Lzt
shol A€ WASHE g 2 e FEls w9 mFe) A E T o] 22 g3k AYYTh o] AE o)A
g8z A48 de glo] sold 2TYEE AW/ Ak AAUTh o] AL B

#define PY_SSIZE_T CLEAN
#include <Python.h>

int

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

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

/* optional but recommended */
status = PyConfig_SetBytesString(&config, &config.program_name, argv[0]);
if (PyStatus_Exception (status)) {

goto exception;

status = Py_InitializeFromConfig(&config);
if (PyStatus_Exception(status)) {
goto exception;
}
PyConfig_Clear (&configqg);

PyRun_SimpleString ("from time import time,ctime\n"
"print ('Today is', ctime (time()))\n");
if (Py_FinalizeEx() < 0) {
exit (120);
}

return 0;

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

0 Iz

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

Setting PyConfig.program_name should be called before Py_InitializeFromConfig () to inform the inter-
preter about paths to Python run-time libraries. Next, the Python interpreter is initialized with Py_Initialize (),
followed by the execution of a hard-coded Python script that prints the date and time. Afterwards, the
Py FinalizeEx () call shuts the interpreter down, followed by the end of the program. In a real program, you
may want to get the Python script from another source, perhaps a text-editor routine, a file, or a database. Getting
the Python code from a file can better be done by using the PyRun_SimpleFile () function, which saves you the
trouble of allocating memory space and loading the file contents.
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I wle] el gt shol ol A4 C= W#Hsl,

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

o
HATHA] 9, g o] Hﬂs_ﬂ AL Ao} Ao thE B FE 83171 A6l
AolgL FHlolH W& o ZEste FUPUL AT = CREE DT
FEHEZESEYS
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sfol s 22 =N Ao A F4E AWe et LT 2ay ok

#define PY_SSIZE_T CLEAN
#include <Python.h>

int

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

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

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

}

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

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

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

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

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

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

Py_DECREF (pValue) ;

}

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

}
else {
if (PyErr_Occurred())
PyErr_Print ();
fprintf (stderr, "Cannot find function \"%s\"\n", argv[2]);
}

Py_XDECREF (pFunc) ;
Py_DECREF (pModule) ;

}

else {
PyErr_Print () ;
fprintf (stderr, "Failed to load \"%$s\"\n", argv[l]);
return 1;

}

if (Py_FinalizeEx () < 0) {
return 120;

}

return 0;

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

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

FE 3ITETYY
A3 3d-E call

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

c =20

(TH5 sl el Aol A)

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




Extending and Embedding Python, Z2|A 3.14.0a7

(o] A | o] A oA A A %)
for i in range (0, a):
c=c¢c +Db

return c

Tew Aok e Zotek Pt

$ call multiply multiply 3 2

Will compute 3 times 2
Result of call: 6

J

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

Py_Initialize();

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

After initializing the interpreter, the script is loaded using Py Import_Import (). This routine needs a Python string
as its argument, which is constructed using the PyUnicode_DecodeFSDefault () data conversion routine.

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

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

I3
Py_XDECREF (pFunc) ;

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

ol FgA o] FolHUth:

[pValue = PyObject_CallObject (pFunc, pArgs); }

o e rfr

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

S AlsH oF U -

3.1.4 LEEl mo|MS &35

A 7kA U788 sbold JAE 2= of 22 Al o] A A 9] 7] 5ol AN AT 5 QA9l55 U T sfo]d API

g Az HE AT o) AL SIS FYTE 5, WFE JAHZHE &8 22N

Agoe $Ho2 S BakelA Sel A v, 197 JmA = ehgh 24 S8 T2 a0

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

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

static int numargs=0;

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

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

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

bi

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

bi

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

-~

L
folr
e
29
<
iu)
oo
4

5}

Mo do

9 i —é main() g HER o] AU L. E py Tnitialize () o O
o
=2

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

|

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

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

AR S& ZRIAAA, o] HEE 2§ =21 APIZ Tho] o] 1 F T T,
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Fho] A& C++ ZE I o] W3k 2= 7Hs Futh o] 2 o] o] A 3 = == AHE-H
Al Aol & s th °“&242§ C++2 W|Ql =2 I g A5, C++ AT Y
Z2IWE A5t F 3 of Futh C+3 AFEste] ho] A ZA & A At E 2
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ol g,
fh

C
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ofo [

22,
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AW

3.1.6 FHA AE AAHIOAM Hupat 213357
ol W AH 2| HE 5§ 222 WS Aol Aapde (2 FA) o Add S 2E 2 Aol &
DetA = FF Utk 53], 53] ghojo] Al oA F 28 CFA A (sovtD) o2 73 H 2ol B
2 RES 2ok 37 WE Aok
2ot Asde e A SWHIE Fodd, dX A dF & YA H pythonx. v-config LATHEE
AT+ A5 YUY (python3-config AT HEL A 7}3 T JFUTh. o] 2T E = o7 FA
ol gloul, Thed 2e ASL o el A7 £8¢ Ak
+ pythonX.y-config ——cflagsi AT T uje A Sef 12 ATk
$ /opt/bin/python3.11-config --cflags
-I/opt/include/python3.11 -I/opt/include/python3.11 -Wsign-compare -DNDEBUG -
—g —fwrapv -03 -Wall
e pythonX.Y-config --1dflags —-embed will give you the recommended flags when linking:
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$ /opt/bin/python3.11-config --1ldflags —--embed
-L/opt/lib/python3.11/config-3.11-x86_64-linux—-gnu -L/opt/lib -lpython3.11 -

—lpthread -1dl -lutil -1m

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

[e)
o

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

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

2obe vl 89 =T AU ol Sof:

>>> import sysconfig

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

>>> sysconfig.get_config_var ('LINKFORSHARED')

'-Xlinker -export-dynamic'
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abstract base class (34 w| o] A S| A)
)

-lx
2,
z
)
3
M il
é“.:
[>
rlr
jop
©
[0)]
8
&
a
L
rlo
v
rlu
g
JL

Eol BHFAY v EEA ZEH (& £,

) 2] W AE) A, AEFH o] A5 A= Ho]"ﬁ% AlFsto zH g Elo]E & B3t ABC+=

M AE ZH2E 2 dst=t, 22U S ASdA O HAE isinstance () 9 issubclass ()

of o3l A E g = FH2EYdYUth abe BE AHAE EA L. Tholx o= B2 W ABC 9]

‘I}E‘ri%tﬂ oS3 22 gl E ol 1’\‘/11_/} X}_u_ -2 (collections abc BEEA]), =4} (numbers
BEEAAH), 2EH (1o ZENA,

A&# 4] A4 TH9] ABCE

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

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

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

rlr
i

Sl U ke e A4 e

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

argument (212}
FrEIET 0 T (B vAD) 2 ALGEHE L F3HY AT s Uh
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719 & A3t (keyword argument): I T2 wf APE A7} ol F2 QAA} (] E 01, name=) =
**%%01 2 gMqyel g Ags = oAz
5+ BEF 719 E A Y Th

complex (real=3, imag=5) }

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

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

‘complex(B, 5) J

complex (* (3, 5))

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

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

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

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

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

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

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

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

asynchronous generator iterator (H]-% 7] A #] o] €] o] €] #]| o] E])
Hl5 7] Al el ol B g7k == A A

]
4
X0,
i)Y
<
kv

95 7] o] B &l o ] AH] _anext__() & 5E3E ol ol EIE AR S BB R, ] AL T yield
EH4 74 v 5 7] A El o8 F40) vt 2 AR g

Ztyiclas ANA R A2 5T, (A AFET 7] 59 1y-BES E3ahe) A9 AHl2
g ) 0% 7] Al @l E o el @O E 7b _anext__() 7} BFE E shibe) ool HE R

AN A, g oz B3t} PEP 4929} PEP 5255 H A S

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

asynchronous iterator (H]£ 7] o] €] | o] €])
_aiter_ () & _anext__ () WIAEE FH3= AA|. _anext__() £ oF|olHE AAE =
] F oF Ut} async for+ StopAsyncIteration o] 7} WA S w71 2] v]E 7] o] ¥ @ o] 9
_anext__ () WA E7} E8FE ool HEE F YT PEP 4922 ‘:‘ﬂﬂ‘z’i Yrt.

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

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

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

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

attribute (0] E 2] HE)
3] RIS AR ol 5o ® F2EE AAL} A 3 oA E S0, AA o7 AEGRE
£ 7HA uo.a?ﬂ‘%‘ Yo

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

awaitable (o] $J] o] €] &)
await T Ao AT £ 9= Ax).
t}. PEP 4925 H A 8.

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

binary file (v}o] 2] 5}Y)
H} ]an F AAES 9 & e Y AAL vtoly g 3td e d 2 & violveE BE ('rbe,

Ry

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

borrowed reference (' ¥ 2 X)
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] & Q5 7 A))

bufferobjects & A Y3l C-A< HEHE 2T E & ¢ JF UL o3 &5 nemoryview A &2
E2o|1 bytes bytearray, array.array QA& LTI YU L) vlo|EL R AA| &2 vlo] g
dolH & = oAy 7HA] sl AHEE & AsUTh & F, vheolv e std B A, 208 T

A% 22 A5l YEurh

o AE2 vtolv g tlolE 7t 7t A Y 87 5y th old Zfol AuAE FF <9l
27 ol E AR AR ekn EAGUCH A0 M3 AH Y o 23 byrearray 9 bytearray I
memoryview 7} QG5 U TH TS AAEL dlojy g Hlolg 7 B AA (“9)7] AL vlo|EE R
AA) N AZH =F a7 FUTE o]F A5 A E2& bytes@bytes AR nemoryview 7} 5

g},

bytecode (H} o] E T &)
o] A~ FEE o E FER 5 Y 5 =, CPython JAE| Z 2] B ol 4] 5o X Z 2 T o] W 7
EHYUT vho] E TEL pye 31U o] A Hof, 2E S uA AW w) o WA A v
Yok (2ol A wlol = RER o AT AL 7T 5 LT, o] “F1H A0} £ 7o = BEof
-5 3= 71 AlE At 71 714 A AEnta D3yt vio]lE I =& A E T2 Jol A
7Hg 71 A A A5 AR 7|t A &, Ihol A v 3 ol HH H o] A = oFth= Aol 23l of
ok

Hho] £ 5= o]

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

1=
=

iy

o BE 2 dis BE dAol Uyt

[callable(arqumentl, argument2, argumentN) }

A function, and by extension a method, is a callable. An instance of a class that implements the __call_ ()
method is also a callable.
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callback ()
o122 ALE L u|go o] A A A APE B ZE T
class (Z~)
/\]—32]—%4_4 i) j]%% 0=
=y AE 5L 233

class variable (2] A H4)

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

closure variable (22 ¥4)
A free variable referenced from a nested scope that is defined in an outer scope rather than being resolved at
runtime from the globals or builtin namespaces. May be explicitly defined with the nonlocal keyword to
allow write access, or implicitly defined if the variable is only being read.

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

def outer():
x =0
def inner():
nonlocal x
x += 1
print (x)
return inner

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

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

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

?g;

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

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

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

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

context management protocol (A8l A E ) T2 EF)

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

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

contiguous (J<)
H 5 = A 88] C-A %5 (C-contiguous) ©) ALt ZE & A <5 (Fortran contiguous) 2 o) Q<021 o] A
Ut G398 ] =C-¢ ’\O]Uﬂ/ﬂ ZESF ALY A n Dol A, UL%%%HEOH A3t
0o A Al &3l 25 Ak E*"\«] AR W E g of v X] =] of of gtk TRk C-<A <5 vl Dol A,
Uﬂ g F49 AR FESS T of npA 2 AP A7 7w e] W o 6}1] v x2ES
S o=, A HA 01‘“’\7} 717 vk W3 T
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coroutine (5 €l)
IAFH2ABEEHY ¢ st Fef Utk ABFEH-L S A Fol A I Y3l of2 A H el A
gEduch IFHLS 0434 o2 A Ho A R Y3t %5}1, AR 5 A5 YT o] 1S async
def B0 2 3T 4 95U Th PEP 4925 H A Q.

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

CPython
Spold =z Aol A< A AT, pythonorgoll A vl 2F Yt} o] #&-L Jython o]}
TronPython 7} 2+-& T} A S5 788 8 2 7} 1L ] §0] “CPython” o] A& 1]},

current context (3 ] AE A E)

The context (contextvars.Context object) that is currently used by ContextVar objects to access (get
or set) the values of context variables. Each thread has its own current context. Frameworks for executing
asynchronous tasks (see asyncio) associate each task with a context which becomes the current context
whenever the task starts or resumes execution.

decorator (t] Z.#] o] €])

e d4E S8+ 59, B5 ewrapper T H= A
O] E}ﬂ E"ﬂ' °ﬂ +— classmethod () 31]- staticmethod () Ot]

dsdole B v W B Y BYUTh 0 F G

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

@staticmethod
def f (arqg):

A, & A AUk oz ol 8ol tha o A g g2 B

HAE _ ge

) oJut __set__ () o1} delete () BYst= AA. ZHx JEYRET}

Az e d o, 01 PRE X3 =58 JE S doUnh BF, absE J AL 271,
2R sk AFEE o, o] Sl A 2o F/}l’ 1% AR AAE ZEUTh sHA b7t
E]"ﬂ%ﬁ yAFe e a3 ge WA=t EE2g Ut AT HEE o]si st A2 sho]
i3t 42 O]OHA G4 A, T, WA E, ZEHE, ZHAHAE, A E HAE, 75 ;ﬂi =z
Y B2 759 712E ol F A Q7 iE Y YT
U223 HE 9 A =S ot XA 3F &2 descriptors L} T] 23 B AR H S A of] Y3 U th

dictionary (9 241 2])

Q2]e] 715 Fholl th-&Al7]= A& vl & (associative array). 7]&= __hash__ () & _eq__ () A EE

2e wE AA7LE 5 A5 Uh BolA A ek R E o

dictionary comprehension (5 A 1] g] Az 2|3l A)
oJEHE v 84 AAY AR E Aty 234E G2 gAY E H&3t= A S .
results = {n: n ** 2 for n in range(lO)}% %}n * %7 13]
= A A g o} comprehensions 2 2 3HA] Al Q..

dictionary view (9 A 2] H)
dict.keys (), dict.values(),dict.items () WA EZ} B8 F+= AAES IV e Felo K5
Yok ol AEL SAVE BB Sl o3 54 B8 AIBe=, AV 7L A 0, F} o]
e vk sttt SS9 Utk 9 Y e BE SAS gl 2ER v 8 H list (dictview) & AMS3HH
=H Ut} dict-views S H A 2

docstring (52 E )
e, da, BEelM A AR REA R e

rlr

24 Y. 29 =7 2

i}
2
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-
>,
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A RE Aapd ol ol AR o] ¥ UL, T, BEY __doc_ OJEIHFER AJFYTH
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duck-typing (¢} €}0]3
SulE QA EF o] stet AAQ S HA = zz gy ~etY; oA, o

ALHUTH (‘LAY Holz 22 Ay HAAdod, 1

T
PUNC)Y
1t rlo ok

U}OE/}H %Oj_}‘é% 7H<\j.:?].—<|‘: 9\}]\—%141:]'- T—;5‘1 ﬂ—olrg% type() O]L]’isinstam:e() %}\}%@_ 7‘5]}\]—%
S FHU T (31415, & Elo] o] =4F o]~ Zef -~ = HekE 4 9o o5 ok k) tAle,
hasattr () AAVEAFP =2 a3 W-& &t}

EAFP
SR thE= A& 317 7} ¢ o) (Easier to ask for forgiveness than permission). ©] 3] &
o|H I AEFY L, SHIE J|U o ERESY EAE 7ML, 1 7ol SElH A9 E s
o ZEAT WE ATFAE BE cry 2 except 29 AR ZH A0l G Uk o] HlZYL C3}
£ B2 Qlojo) A] A5 AHEE = LAYL 23} of ] U o,

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

expression (%3 2])

ofE groz 7ald 4 Je EYAA 27 e DT B, BAAL BE Y, o] 2, o EFHE
A2, A}, FHEH 2L RS BAFE BA 2452 Fol 28 A UTh T2 B2 dlojg)
43, BAAOR AT+ gl

zxAor, REdo] FHAEEC] ZFAYU A2 obdUTh while A
=d Sl dsynh o ‘ ] o

o

extension module (8% 2 §)
CUC++Z ZAA4HE BE A, 3to] 2] CAPIE AMSS A Al o] AL 2L T =9t A4S 283t

f-string (f-& 2} Q)
e B o] B9 BAY E S S £8 LAY olghn H2rd, U EAD 2E Y
ol ALY YTH PEP 498 S H A Q.

file object (3} A A))
S 2k ol o3 3+ A FFA API(read () Ywrite () 22 HAES)E S+ AA. vH5o
ol et st AR e AA g3 Y s el o A AV 54l ZA] (o =
2, d-ww el mal, 27, Fol %, 550 g AAAE ZAT 5 A5k L AL 7
F A (file-like objects) } 2~E & (streams) ©] 21 = & T}
AR 2 A 552 5 A S o] YgIeh iraw) Vo] V2] 5}, 9] 7] = (buffered) o] 1 2] 7}2),
Sk 52 o] £9 B o) Ak io REANA BT 1 AAE BEE 2UA S
open() ¥E 2+ AYYrh

file-like object (3} 5 2 A))
EREEER YA

filesystem encoding and error handler (3} A A Q1 F 3} of| #] 2] 2] 7))

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

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

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

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

EALUAIY T HA L.

finder (3}¢1 ™)
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79 FAH 7t O‘AWE‘r sys.meta_path ¢} 7 Ab& 3t wlEF A& I T 9} sys.
path_hooks ¥} @7 Ab-&sh= 4 & <l E 2] 3l H.

B 2FA| 8 W 8-€ finders-and-loaders £} importlibS IFR A L.

floor division (3 4= U}=A)
NG AN A4z u]ﬂa}% T84 Al A A dars
/) 49 g2k A T Ae U2 2.758 B8 E
= o Trq 3| oF St} PEP 2382 H A Q.

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

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

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

function ()

T2 Ao A ojl ghe
A A58

tal T 4 BAE. IAY 2 o) A F AR E = 9l v 9
 AdH Uk v 74 2 v A = 2} function M AT H A Q.
3]

function annotation (g3~
u

01L
S w70l S o RESE ghe] of | o] A

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

B o] = H o] A EH L function B ol A A EU ).

o] 71%5-2 AW W4 of o8] o] 41 THPEP 4848 2 5hH 2. E 3 o} 1 o] 4lo] o g ) Abel &
annotations-howto S Z+Z 314 8.

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

>>> import _ future
>>> _ future__ .division
_Feature((2, 2, 0, 'alpha', 2), (3, 0, 0, 'alpha', 0), 8192)

garbage collection (7}8] X] 4= #)

9 A8 A bt RS v et AR Thol A e A% A4 2R HE < B AANL BL
2 e B ANA 2778 Bl AR £AE S RFUT AR £A71E ge 2E LS ALAA

Aol e % gl LTk
generator (A& o] €])

A eole ool e & BelFe B4 A B4 AY Holed, YA FEL VEL yiela
A2 LU o) TE ek o S5 for S5 AL oA st 0 B B M S

Ad 3 s yth
BE AV ely 48 7He 71 A oj™ EHW o A= Alvdl ol g olg ol g & 7te| Ut 9=
Bh= 4‘3]7}“@'0}11 e AT, AT BoAENA BETEZ Ytk
generator iterator (A1) &) o] €] o] €] &| o] €])
Al &l o] B g7 vhe = A AL
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Zryielde AAH LR A2 S S, (A G AeSH 7] S uy-ve= 2F3he) 43 JHE
BTt A A W LA g
3h4=9} o ul H U o).

generator expression (A U@ o] €] £ 4))
olEl ol B E EHFE R4, FZ PG U E B ote for AR A 7453 i o] H
25 R R A YUt 2 53842 SH/ T E A HES oWt
>>> sum(i*i for i in range (10)) # sum of squares 0, 1, 4, ... 81

285

generic function (A1 g <)
22 Ade Az e Feod sl FAT oA e FAD . TS ofH FEH) ARG E A=
Has x] daelEol ofs) 2738 F Ut

A= o)~ 2] 8] F 23} functools.singledispatch () B Zd o] E]} PEP 4435 H A 8.

mIn
o ot
e

K

generic type (A Y] 2 &)
) A4St & 4 e F; EHEE 02 1ist Yrdict 9 22 ZH oY A ] SIES) of mH| ¢
Aol AHEF YT

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 §)
3 Wo] 22 st 2=} Fol W ol = T B ANWSEE W] 8] CPyhon AE =]
AL S %, (e o) 08 500 AT ES £ 8ok A4 2 0] 5405 EA
H A 2ol 3l AT = w5 o] A CPython 782 T<=stA RbsUTh JEZ 28 HA & F1e
A JAHz e H & ts2d =367 47 Bes tAl, vt Z2 A A 71 A7 Alssh= HE 8 9
Be B2 34y,
SHA| g, of Q%‘Ev‘fg%% FZ O AL B, ol 4 22 AL A ek 2l
o= GILS Wt == AAE 5t £33, V/0E & ul= F4 GILS vhd gtk

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

(e}
[£3
2,
o

o
1A e 4

==
ok

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

hash-based pyc (3l] ] 7] 4} pyc)
T84S sty A8l i x5 Lo HF o AlZbo] obd SjA|E AHE-Sh= Hlo| E T E 7 A|
4. pyc-invalidationS 3% 3HA] 2.
hashable (3] A] 7}%)
A7 LA 1 ghol WekA] = ;A FE=
HwE QO (eq () WMANEZZS
7he sk AA S A gh2 ZZotok T
AHA 7t A AAE 9 Y 71V JEY] W E AT 5 A st o] AR FRE

Zt3 (_hash_ () WINE=EZF D23 eh, o2 A A 9
FTh), sl Al 7hsstekar g oh 2ok vlaE = A

WRAow A A S AEE] e
o4 shol ls] B W AL A AT (A E 91 22 b ol B
a9 st (%%Olb‘rfrozenset Z2) B AHolvEs =9 8450 A 7HsE ulj vt

U
34l 7Hs gtk ALe A A o mAAMAHAﬂﬂEOﬂiﬂozﬂnﬂ%ﬂuwwnﬂ
AN AL BaE) BT bk B W) 1, A S id () 2 HE BEel Ay ok

o] WS ¢ 3t T3 g 2 &h<; 37 (Integrated Development and Learning Environment). idle-2 3i}-0]
R ZE v 2 ]H}B}S_—E7§_7§'ﬂ AF7]9f ez 28 &7 YUt
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immortal (£9%)
Immortal objects are a CPython implementation detail introduced in PEP 683.

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

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

immutable (£4) B
2 TAE, FES 28U o AAES HAE 5 ¢l

BFE ook g th. WakA] b Al gkl glof of sHe ol A

T~
sl
Hl
[
ek
t
Y
ftfo
L
N
do
i)
o
1
iL
rr
Y
>
il
a
rr
F-,-4 oY,
__ HU
r&
= |
ACh
o
I
J
o,
e

[e]
= = = S.
AAA _path oJEARERRE & 4% Agth
importing (¢ 2 ¥))
Tl Sol4l TEV} b R ahol il nEG| A ASE 4 JES she A

importer (¢ £ ¥])
BES 2% 83 2 7% sk A4 S A6 591 o2 =) AA Yo,

interactive (o] 3}3))

shol € T3y AE = HE 2 i, AHzYH ZExed N £ AL 998 4
93, 52 ARE A%E 2 4 ke FAUTh A glo] BA pyehone AWFAL (AFE
ok

%ﬂvﬂﬁﬁﬁﬁ ﬁEﬂoﬂ*%%44)w4ﬂﬂﬂ§§}ﬂHQLCﬂﬁﬂﬂé
B g8 dUth (nelp (x) & 7193 8). ti3HE B of th 3 ApAI S Y
E HEA L.

interpreted (€] Z2|E] =)
Hlo|E F = ZHuldelo] 24 ujFoj I FRo| 3R] 7] & Ak, sfo] {E Huld o]} o
?/}O]H 2B dojdyrth o] AL A A7 A3 5 d S e ] UL, oIS AP APL
T At Syt 2 22 a3 e0] & T A3 4 ‘“ﬂ 7] kAR B Z 2 dol=
AojEoh g AU A F718 25Ut t51d = HAL

interpreter shutdown (21€] = 2]E] £ 8)
zeqa_oﬂOHWuHA]ﬁ ok Al7]of] A ]) et RECIU o2 71

[RERCR-la = ao g R R =) A H]X] —r7%7]

—|—’

iterable (o] €] 2] &)

WHES 3 ol b Bl 4 9t A o|H e B G2 BE (ist, stx, tuple 22)
ARz YE, dice 22 B Al AD2 FE, 919 AAE, _iter () LhAAL G FRIIE
Deriten 0 MAEE AA ol BE Fel A0 AA ol AFLI

OJE e BL for Fxo] A48E 5 93, NVAE BRE 3 TE BE F (2ip0), map (), ) o
A 5 AT ol B E 2 AAFAG G icor 0 A Ak Ags 2 AR ool 2
B2tk of olelgolel = ¢8R e & W ANE FA RAFYL UL B,
HEE irer( & TS\, Aol AAE 44 e VR A
2] %S AN A 02 AT, $LE Li Bk ol el elo|Hl & HolE o] & P WD
wEth ol Halold, Ads, Aol = BAL

iterator (©] €] &) o] &)
dolHe 2EYS 2Ask= AAL o B lBe] _next__ () HINESMERH o2 T8 (£
W B4 nexe ) 2 AT AE o] Y FEES AR BHFU. o o]k to]Ej7]
fl2 o= Al stopIteration "ﬂﬂ S dohUrt o] AR A, olH e ol AA= 23 L, o] F
JRERE _next_ () HA=EIZE StopIteration o9 & thA] d o7 7%k Gyt o] H o] Bl &
e ol AA AN EAFE  iter () MATE b Aol 27 7] W o], o e o] e =
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oleE B0l 7| & kil T olHHEES WotEolE 2 3ol AHEE = Jd5Uth $23%
Aol = o7 e olf ol d S AlEsE ZEY YT (List 22) AH oY 7”Z11L iter () =
ALt A U for Fxo] ARG S wjuitt A o] H & o] Bl & R Ut ol | 212 o] &l o] B o] tj sl A
ey ske] 3L 5H, A o] Bl g| o] dof] ARE-H o]w] &K H o]El o] HE %E%?Mﬂ, Hl AE ol WA H
oA sy th

typeiter ol T Z}A 3+ W& 0] gl Th

CPython 5=& %} A]: CPython does not consistently apply the requirement that an iterator define
__iter_ (). And also please note that the free-threading CPython does not guarantee the thread-safety
of iterator operations.

key function (7] g4)
7] & B fi_'—r’—ﬂ ©]/d (collation) <= 7 & (sorting) o] 1} ¥} & (ordering) o] AH&-5 = k= =8 F
ZHEYYTH A& £0], locale.strxfrm() < Z2AY SF PSS == FJE 71§ Tt=&
A g YTh
Stol A9 e 17k aaEo] o PA £A AoA L Fol AL Alojatr] A 7 F5E
‘?:]'0]-‘: Ot} 1413]- 0] ﬁ 74 Oﬂ +— min (), max (), sorted(), list.sort (), heapg.merge (), heapqg.
nsmallest (), heapg.nlargest (), itertools.groupby () °] A& 14 E]—
7] @ e e o2 Bl Ut ol & 501, str.lower () HIAEx= Alo]& T2
4R 7] B A8 & ST AR, 7 Bk lambaa E 84 02 B
9,};‘513], o] % /9‘ ?314\:} lambda r: (r[0], r([2]). EE?}, operator.attrgetter (), operator.
itemgetter (), operator.methodcaller () 7} Al 7§ 7] & ALY UL 7] 45 s
A48 W ol T 3 o 2 Sorting HOW TO & H A &

keyword argument (7] 9] & 21 x})
AL E HA Q.

lambda (&t}

528 o) gho] AL shte) 294 o2 A o] F gk A 4. PO 4B BEE
-Er—t]’j% lambda [parameters]: expression ?:]1/]3]—

LBYL
= 7] Aol X2} (Look before you leap). ©] T AELLL T Z 0|} 23| & 317] Aol YA oz ALA
ZAEL FARTh o] AHAL LAFP A2 )% T, BE a2 2o 2AIR 5 G Aol G o,
T}% 28] %70l A, LBYL W& <5 7)" 251 7)" 2ho] 24 242 WA 2 9 0] U]
t} o] & £9], FE if key in mapping: return mappinglkey] = 7‘]/\]' of, 3R 2k %3] Ao,
T2 28| = 7} key S mapping | A Al AsHH A5 = QlFUTE o] F o] F o] EAFP WS
Aggown a8 4 Ak

lexical analyzer (¢] 3] &417])
Formal name for the tokenizer; see token.
list (B] 2~ E)
WA ghol W AP, T ol E B, P20 tist AA27F0(1) 0] 7] wj&ef, I E gl~E
(linked list) ¥ t}= T}= ﬂﬂw%# &@HW
2 3H)

I‘E

A

list comprehension (2] ~E 7

NA2o) 245 AR EE ARE AT 1 ARE P 2ER EeFE 243 P, result -
["{:#04x}'.format (x) for x in range(256) if x % 2 == O] —EOOﬂH 255 /‘]‘O]Oﬂ O]“‘:@f/\
591 16215 (0x.) £& XL £AL0] e AEE BET i A& A2 5 5o Al
W, range (256) ol Y= = 47 AP Ut

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

« finders-and-loaders

e importlib.abc.Loader

« PEP 302

78 Appendix A. 0{%!


https://peps.python.org/pep-0302/

Extending and Embedding Python, Z2|A 3.14.0a7

locale encoding (27| 2137 4)
On Unix, it is the encoding of the LC_CTYPE locale. It can be set with locale.setlocale (locale.
LC_CTYPE, new_locale).

On Windows, it is the ANSI code page (ex: "cp1252").

On Android and VxWorks, Python uses "ut £-8" as the locale encoding.
locale.getencoding () can be used to get the locale encoding.

See also the filesystem encoding and error handler.

magic method (A HAE)
| A= ) ]:]].4_/\] A o] ]:]].j\_\_{s]_ uk

- =2

mapping (UH F)
Q9lo 9 7] 3 E Y3t collections abc.Mapping o]} collections. abc.MutableMapping
FA ol ZH A o AFH MAEESES F8st= AH oY AA|. o &+ dict, collections.

defaultdict, collections.OrderedDict, collections.Counter & & —/f— %1%\4 E]-

meta path finder (W€} 7 & 5}Q1 1)
sys.meta_path & AMo] EHF L=

971 ahx) W THE U T,

U‘“ﬂ' 7§§ lﬂ’odﬁ 7]‘ ;r_"'@é_]'*‘i‘ U‘“HE%Q} Eﬂﬁﬂ/ﬂ-‘i— importlib.abc.MetaPathFinder = E‘?ﬂ %
e,

metaclass (W€} 2] 2)

9]

Folt. Wle A2 sy 4= dEee] voH o &A= o

Sejng Sen, Fehs ot Bes o) F, Bes YA, Wl S At B BEYL
WEf Fe 2t o Al AAHE Wobd] el A% BEt A ele ATk BlRR e AR A9y zz e
Aol § L7 AL AZUY T ol g 2o wEE Ao s i Sl g wE 5
ST AU . A Aol o] £} A5 B8 AT Bash 4 A, e Fe A
Ao Soe 3y S AT o= HE AA 29 27 (logging), 2 ¥ = HA A F7L,
A AR+, 42 2o

A, A ZE TAT RS T Ao Ag Ao

4

method (W] 4] &)
Zef2 uby St A Ao H & Fh, 2 Z e a0 A aEH A0 o ER R
A A QA (F sels b B 2 ALEA AN E WHYT T 45
g

method resolution order (WA= A A 4 4])
A= 27 $Ae 23 ste A EHE A4Sk Wolx FHAaEe "H%M‘?‘r 23 22
ghold Aejz 2] E ol AHEE &g F2) AT W82 python_2.3_mro S H A &

shold BE 243 B E FYFHE AN, BEL 499 Hol W ANES T 0§ FUL
gt BEL JEd Ao o3 stel@ oz mEguUTh

module spec (2§ 23))
REL ZEES=U AT = dTE RAH ARE
ModuleSpec & AAEH A,

o
i
k

rlr

o] & FZF importlib.machinery.

module-specs = H A 2.

mutable (7}'H)
7 AA = gro] e = A id() & SASA FAFTULE 29 = HA Q.

named tuple (V] Y& £Z)

“named tuple(H] 91 = FZ)” o] 2h ol RZolA 4451 o] & £L o ELHEES N8
A~ G4 Qi o] AAA TS Yk BE Folu} Ze 0] ARF Tk Foluf Feaoe
e sE 9e 4 dEUTh
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tine.localtine () 3 os.star () 7 MAE %& TP, o2} 4 Qe FEYUT =
2 o & sys. float_info YUYt}

-

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

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

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

True

4% ($19) o) YUT Ei, cupled] A A48T o] B £ WS
& gk oe@ Zeat A AL, typing.

P HAd=E FEE& U
NamedTuple = A3 A YU HE 2] T4 collections.namedtuple () & s 5 A5 B 29
AL AH BARAG W NAE REIAL 22 4 Qe B A 2 AAZE R =

namespace (¢]S 27
W) AR = A o] B2

S gAY E FEF U AAlo SHE 3
B o1k A9, A, U F oI5 3 0] AL oI F 50 o R SES AN 28
AL st ]-‘S"‘—%O],@'—/y:bulltlns open Z}os.open () = 259 o] w7t & +EF Yt
ES ol FH2 o™ REC] A5 E FH=AE BHHA ©HEoIA AT A B4l
T2 E UL o= %Oi,r ndom.seed () £+ itertools.islice() 8t 2 11 4Eo] 2+7¢

random ¥} itertools 2 EO o3& 7+ HEH IS 0] o &5 A U o

namespace package (0] & Z 7} 3] 7] #])
A B 7| =9 A" olYER 7]5ste 7] 4. o5 T A7 A= 2 H A AA T A=
45 A3, 53] _init__.py FYo] gleBE H4f 3 7| A &= thE U Th

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

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

EE X HAS.

nested scope (ZHH A7 =)
SR AHYoN A M E FRF= 5. A& 5o, v T R A Y H T4+ v Tl
PQEWMPES AXTI £ PGS UL 2HA ATz 7|BEFog L AUl 753 3 92 5 7
ST Zo] Fo)alok g Th A MEES A el 2Tzo A 92 HT B AR,
Zﬂ‘lﬂ' t‘ﬂi_/,\_%_% ng:]' O]% %—71}01]/\1 31_’ %\“4‘:} nonlocal -,Oj H]J{:l' 2FE ] *r= 34\% *5‘1@.‘@14‘3}
new-style class (F2EY Z92)
AF2 B ZHa AA o AHEE I A= S WAL oA o] 5. 27|19 Fho] A WA A=
LA F2red ZY 2 silots_ , H2IAHE, Z8FHE, _ _getattribute_ (), 2 HAE,
AHJE‘ H A =9} 22 s}o] % 9] /‘HE7 gt 7 sES AT 5 S YT

object (4 A))

e (AEREY ) 8 23 54 (AAE) o] Ho8 RE W8, EY BE Faed Zos
o HF Aol o] Feh Lk,

H
optimized scope (] A3} ¥ A7 3x)
A scope where target local variable names are reliably known to the compiler when the code is compiled,
allowing optimization of read and write access to these names. The local namespaces for functions, generators,
coroutines, comprehensions, and generator expressions are optimized in this fashion. Note: most interpreter
optimizations are applied to all scopes, only those relying on a known set of local and nonlocal variable names
are restricted to optimized scopes.

package (771 2])
AEBEE AANALE A0 HAAEL ZRE 4 e weld 25 ed o, W7 As
_path__ | EEHE7} e sl B E AUk,

Bt 71 A & ol E B A ANA = BHAL.
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parameter (7} 7] ¥H3)

§ (£ WA ) B0l §471 9 5 sl Q1A (i oW A% ARE) & ARTE o F
=< AEE. A FF7 w7 A5tk
o Y A-71 Y E (positional-or-keyword): 9] ] Q1A U 719 = A2 2 ALE 4= 9= AAE AT
Ytk o] Ze] 712 FEf ] i Ut ol & S0 thEollA] fooﬁ}bar-
[def func (foo, bar=None): ... }
« 9121208 (posirional-only): 9| X 2% A5 5 9t A4S AFFUE A% 4§ AR
W5 Ao MANS HEo] ) FAE EFFT L F ol AT 5 AFUTh o & Sof chgof
A posonlyl T} posonly2:
[def func (posonlyl, posonly2, /, positional_or_keyword): ... }
o 71N E-A 8 (keyword-only): 71 EE T AFE 5 = AAE AT 7|F=-H & o A
S CEERE #%%ﬂﬂ“ﬂ&%Aﬂ%%lHﬂ%#4*~1Wi£@ﬂH

)
Lo
ek
4

AFUh A€ =91, tho A kw_onlyl £} kw_only2:

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

o 7VA-9 A (var-positional): (T2 W] 7| A4S 2] A] o] u] gtolEo] 7 9] 2] A& T 3l)
Asd 4= d=AA AAEY 49 AAAE A QYT o] d mj7f 4= w7 i 5= o] 5o
*‘%‘?_1'01]“150:]/\'1 Aold 5 dsUth oAl & =0 tholl A args:

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

o 7P-719) = (var-keyword): (2 ) 7| 5ol €] 3] A o] m] WrolEof 7 719 = AR ol o 3l)
A58 = sle gelel A5 9= 14 < ARGk ol wj AR SE wj AW o] Fo
*+ 5 Qo] BoJ A Hold 4= lF UL ol & S0 99| ool A kwargs.

AR S A8 AGES 97 7 BgER e o2t AE o) AL B4 ARES ARY 5 A%

get.

Q12 g-o] 3] &, AL} ufj 7/ =2 X}olof] L2 =FAQ A&, inspect .Parameter 2| 2, function
4, PEP 362 R A8

path entry (7 & <l E2])
A7 alE 7t 2E S RESS 27 S Farche Y2 E AR Y e A4

path entry finder (7 2 N E 2] 5}2lt])
sys.path_hooks oﬂ %1_1‘_:_ %’—H%
2EES e e 21 dsynh

Az dE FAdEo] 3= HAEEL inportlib.abe.PathEntryFinder o U3t}

path entry hook (3 & A E2] &)
sys.path_hooks Tﬂi\—Eoﬂ 9»11“5‘ %H%?_Hl, %Zg 7§i ?ﬂE‘ﬂ oﬂ/ﬂ E—%\% 7_%]'*‘5 ‘?:]q'% ?:_}J—’— %lr/]'t\ﬂ
A= A= sl & FHF U

path based finder (7 & 7|4} 5}Q1H)
712 v et A2 3pl & F e, Y2 E FE A BREZ FsUth

path-like object (%3 25 7 A)
g A" A2 5 et AA. A2F AA= A2E YE W+ str U bytes AA| o] A
U} os.Pathlike ZEEEZ S ?—'63 St= 7“Zﬂ?:]1411]- os.PathLike T2 EZ S A Y3t= AA =
os.fspath() FTE T ZM A str U bytes Y A2F AE2E H3E 5 JdF5Uth Al os.
fsdecode () & os.fsencode () = Z+Zt str YU bytes 235 B A3=d A2 4+ Id5 Ut} PEP

51982 =95 syt

PEP
shol A 7§/d A< PEP<= sto] W AfFUEl o]l AHE A Fot A sfo] W e T =2 AL EE 2
o gt 22 755 AWstes AA A YU PEPE Al b 7)ol tidt 223 7€ AHd 3

242 AFa ok o,
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PEPL: 78 A28 7152 Al obsha EA10 ek AR UE Q182 57 5 shol o] ol 7k 47
AL BAZ WS/ A )R v AUZ ek PEP YA AFUE Bl A Fel 8 P55
wHd) 9 AS BAEF A e] dguin.

portion (3Z4)

PEP 420 o A A ] 3 AA &, o] 52k 37 2ol o] kA 51 shte] T e e elo] So gl 5l

Ak zip ool AZE = A= 7y h.

positional argument ($] 2] ¢12})
1A & HA L.

provisional API (23 API)
A APl £F ghol B g9 A 534
2 A3 A dE A= AT T H o
317 584l o] A% 7] ghs WA o]
‘: %S AYUt — APIE 233817] A Oﬂ
Ak
A APIA A 2 A=, 37 S 34 o]
APE FAE sl A =S é
o] Axt= ZE gtol By g7t 23 A oF ZH 5w
HEUth o 2 S W82 PEP 411% B gy
provisional package (773 3] 7] *])
I APIE HA L.
Python 3000 (3}o] % 3000)
sbo] A 3x vl Z b1 g (HA 39 mj27F A e o]okr|d Al H e gkE o] A o] Fo]t})
S “Py3k” & Eo] 27| % gt}

Pythonic (3}o] ¥ t}-&)

I—;l
;}1]0_1.,

>

TFE Aol A QWA AYE LS AGHA LES A5 AL, Tl A Aofol A 74 A4F A}
855 o] AEL 7h7ho] M2 ofo] o] L} = 27 of & So], sl Hol A AF 2 o] T AL
for ¥ AHEAA o|Ele B BE 842 £HSE AQUTh TE Be Aolo)t old FRo
TAEol fLonz, sl el 945hA) ke ARES thAle] 52 AL EE AEBIE Tk

99 ]_1-4__,7_ A 71—6]—1’4-131
2 oE dofui

°| A

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

L

o 253, stoj itk 2 ol g sy th

-

for piece in food:
print (piece)

L

qualified name (73} ¥ o] §)
2EO A A2FZoX RE AP e, T, WA= o2 “AHR7E B
FEF o] =, PEP 3155 o] A Ao F Ut ALY st Z A9 AL, AF3LE o]
ol H A5 Uh

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

>>> C.__ _qualname_

ICI

>>> C.D._ _gqualname_
'C.D'

>>> C.D.meth.__qualname
'C.D.meth'

L
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EFE 717l AR E o], A AstE o] (fully qualified name) 2 & 2 I 7| E&
@ﬂﬁg%iﬂtﬁiifﬂ%ﬂ%%J]Jq%ﬂeaﬂﬁmﬂmmewm

mm

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

reference count (=2 314)

Aol The 20 A4, ARG Fx A47100% Wol AW, W we) 7} vhdE Tk Q% A

_>‘4_v’
rlr

Hmﬂﬂﬂzﬂ¢ﬂ¢ﬂﬂﬂ oA, A 7} 2 S AIE A ekerich B2 A4 2 AL A
2 gfold Il e EH A= GA W, CPython 782 34 84Uty 22 aev= 57 44 <]
Fx A4E E2F = sys.getrefcount () T E T F AFUTH

regular package (4 =] 7] %])
__init_ .py 3dS 235t U EH 2|9 2 A5 A A 9 74
olF FL A & HAL.

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

__slots__
A2 W R A, A2HAAERESS A TS v g Adsta A"l A2 Y EE
AAG 2 v ﬂaﬂﬂ}hE%%%HW%ﬂ%ﬂ%?ﬂ%ﬂﬂi%%%ﬂéﬂ&%?
77t % ek g BolehAl, M melol wghet -8 22 oA Be 5o e ATt s 5E

492 s o) FHUTh

sequence (X @ X)

_getiten__() SF HANEE 5 A5 AP AE AGFWE 24 QM AE A DS, Al D29

dolE 5 FE_len_ () MIHNEE A= olHHE. 2E WA D2ES YEHE W, 1ist,
str, tuple, bytes 7} YH5YTH dict B3 getitem () I __len_ () = A L3R 239

Ao AL Q1219 3 A 7Fs 718 AHESH) o ol AR} opU 2 v e = AR Tk Aol 29
ok ik

collections.abc.Sequence A Bl o] A F#| A= getitem () B __len_ () = YA
SRS AHH o) AE Y ’6]—-—11‘]] count (), index (), __contains__(),___reversed_ () & F7}
FUTh o 338 AEH o AE PR FL register( B AHBHA BAHOZ S5 5
Uth AJd2 WA= gl EH?J'X}H]""P R Bl Bl Bl = i o |

set comprehension (3§ 7 = 2] 3 A)
ol B A= 84 AAU IR E At A F F S WEeh= 223 . results
= {c for c in 'abracadabra' if ¢ not in 'abc'}w BXLE AT (', 'a' S AT
Yt} comprehensions& #3234 Al 2

single dispatch (%2 t] A3 x])
TF@o] shute] Axke Yol V1 xe A AAH = Alvl e ok a2 2] o FE.

slice (& 2}o)~)
BE A URE 2PAE AN, Sorel ot qu 2adE K70 A8
variable_name[1:3: 4 A, 11 SHollA A 7S s EE2oE BT tiZ 3 (A
AHE) B7|HL LHT A0 % slice AAE AHEFU T

soft deprecated (2F3}A| H 2] &)
A soft deprecated API should not be used in new code, but it is safe for already existing code to use it. The
API remains documented and tested, but will not be enhanced further.

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

special method (5= M| 4 =)
gfolo] ol o AMS, B 22, AP ] FAIH o SEHE AR oJd HiEE F
Mol BE = A ASLAL EUhe ol 52 2L 55Ut 55 Pl A == specialnames of] &4 2 5 0] 4]
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statement (&%)
R 2YE (2= B
WeoE ool A TaE 5
static type checker (3 & & A x}7])
An external tool that reads Python code and analyzes it, looking for issues such as incorrect types. See also
type hints and the t yping module.

% (block)”) & FASHE FEYJUTE 2 594 oAU 7IHEE
=9] std Yt 7F9 if, while, for.

strong reference (733l 2 %)
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.

WY 2 T HAS.

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

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

There are a variety of different text serialization codecs, which are collectively referred to as “text encodings”.
text file (G2~ E 5} Y)

str 2R E Q&5 Y=t AA. 2F, dAE 99

on;q]/\b—]._,—r_EﬂAEO g & x ]_E;ﬂa]‘o‘h/]r,]. E-“/\E J}O./]Oﬂi

2 499 9}+9Y, sys.stdin, sys.stdout, io.StringIo 9 AAEHAE

dlelE A4 & AR % 4 Qe B AR thal A& vho] v 2] 51 & Bx AL,

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

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

2
é
fru
rlr
jnd)
g=)
o
m
N
0%t
n}

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

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

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

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

token (E2)
A small unit of source code, generated by the lexical analyzer (also called the tokenizer). Names, numbers,
strings, operators, newlines and similar are represented by tokens.

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

m

triple-quoted string (315 wh-& & © £2}14)
w3 (7)) U A2 ug st ( A ANZ Z2Q EAE. 23w 3% st S A EAkd ol 9
7= AT A= FAT, ol 2] 7FA] o] o A &R T} ]%1/]1’/} o] 2~ A ] R e s
ZUEnEiRE FAY °]'°ﬂ 2T P UEF 510, A2 FAE 24 1% oY goﬂ 23

v, sAETL L) 535 e,

4 dlo r|r

S}
=
o)
PR

type (3)
vlo] W AH Q] P& A 0] o FHo AFAAE AATYLH ZE A= o] A5y AA
FL_ class_ AEFHHEZ AT 5 QA type (ob]) B D& F JFUTh
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type alias (3 o] dg]o] )
2 A Akl o §) st 9] of.

o 5
Yo Qelol 2t Y FEE desHe o 8% 8 S0

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

= e 2ol 8 ¢l 47 vhs = s uth

Color = tuple[int, int, int]

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

4, 2o o2 HE W 4 vl 52k ghe] 7 thE = B A A s of e o] 4
3 F B AE ALako) T ol Wol A ZAIE A AR, A A 8 7417 o] 88T w3 IDES)
FE 9 D AEY L Fayh

A WeE AYHT, A W5, ZUs JEYRE 2 49 § VEL typing

o] 7]%5& AW typing T PEP 4845 2514 8.

universal newlines (-n—l—]lﬂ =437
q qﬁOﬂ D%ZAﬂOEON&hﬂAEAEﬂ&ﬂHﬂ_ﬂéﬁ%ﬂAmﬂ%ﬂ
Pl ne, FES = e ran, o] A9 WHZIEA Tl \rv. 274E Q) ALg o] BEIA S bytes.
splitlines () 25t o} 2} PEP 278 &} PEP 3116 & XA 8.

variable annotation (¥4 o] - €] 0] A)
W L 2 o= e e of o] 4.

T = ik
M e Fel s ol E TR e o Elo]de B i) e AE AUtk

)
Q
'_l
o
(7]

o 0
b
o Q
R
o}
Q
2}
sy
0
t
Q
(w
=
@)
i)
~

HE o] o H| o] d F -2 A A annassign ol Al A8 o}
o] 715 A3l 3¢ o ioH| o] A, PEP 484 & PEP 5262 X 3HA| 2. E3F o] ;o H| o] A Z Y 9
o sk 2 ¥ Al#| = annotations-howto & é}iﬁ]—*ﬂ;;

virtual environment (7]-}6]' 74)
o] M AHE AL} S8 2 I 0], T2 /\V\E“"ﬂ/ﬂ AYE =2 volH & 22 T E 2] F 2o
FFE FA g “‘/ﬂ sbo] A HHJ— A AES AABAY a8 ol =8 AL 7He 8 sk,

HPF Ao F 2334%1/u7% A4,
venv & H A 8.
virtual machine (7}4} 7] A))
aZEsoRor Aol H PFE. ol el 74 7 AL vol = TE AR 7 B sk vhol =
=g ARFY o,
Zen of Python (}o] 4 Al)
sho]® T Akel Aol 2t AsHEe] B2 elt], Aol S o] s ok AFE ok o £go] HUth o] BEL
318 ZTEZE oA “import this” & YH3H EJuch
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O] dHAOf 25}0q

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

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

e BRSO Be 2AE =Ry

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

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

= Docutils Z2 A E,

B.1 mo| MHA S| ZBXIE

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

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

oI b2} 20| Ml A

C.1 AZEQ0{Q A}

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

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

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

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

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

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

0 Fx

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

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

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

i

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

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

Starting with Python 3.8.6, examples, recipes, and other code in the documentation are dual licensed under the PSF
License Version 2 and the Zero-Clause BSD license.

sho]mol S5 Q4 £z EFofol i T2 2ol M AT A 88 U Th ehol Al o % 2ho] o] o o}
= 2= 3 YA gU ol @ ehol A BeAE 2B

Ol FZ3IAA L.

RS

l

of ]
]

C.2.1 PYTHON SOFTWARE FOUNDATION LICENSE VERSION 2

[N

This LICENSE AGREEMENT is between the Python Software Foundation ("PSF"), and
the Individual or Organization ("Licensee") accessing and otherwise using this
software ("Python") in source or binary form and its associated documentation.

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

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

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

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

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

7. Nothing in this License Agreement shall be deemed to create any relationship
of agency, partnership, or joint venture between PSF and Licensee. This License
(TH5 sl el Aol A)
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(o] sl o] A ol A AI)

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

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

third party.

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

C.2.2 BEOPEN.COM LICENSE AGREEMENT FOR PYTHON 2.0
BEOPEN PYTHON OPEN SOURCE LICENSE AGREEMENT VERSION 1

1. This LICENSE AGREEMENT is between BeOpen.com ("BeOpen"), having an office at
160 Saratoga Avenue, Santa Clara, CA 95051, and the Individual or Organization
("Licensee") accessing and otherwise using this software in source or binary
form and its associated documentation ("the Software").

2. Subject to the terms and conditions of this BeOpen Python License Agreement,

BeOpen hereby grants Licensee a non-exclusive, royalty-free, world-wide license

to reproduce, analyze, test, perform and/or display publicly, prepare derivative

works, distribute, and otherwise use the Software alone or in any

derivative

version, provided, however, that the BeOpen Python License is retained in the

Software, alone or in any derivative version prepared by Licensee.

3. BeOpen is making the Software available to Licensee on an "AS IS"
BEOPEN MAKES NO REPRESENTATIONS OR WARRANTIES, EXPRESS OR IMPLIED.

basis.
BY WAY OF

EXAMPLE, BUT NOT LIMITATION, BEOPEN MAKES NO AND DISCLAIMS ANY REPRESENTATION OR

WARRANTY OF MERCHANTABILITY OR FITNESS FOR ANY PARTICULAR PURPOSE
USE OF THE SOFTWARE WILL NOT INFRINGE ANY THIRD PARTY RIGHTS.

OR THAT THE

4. BEOPEN SHALL NOT BE LIABLE TO LICENSEE OR ANY OTHER USERS OF THE SOFTWARE FOR
ANY INCIDENTAL, SPECIAL, OR CONSEQUENTIAL DAMAGES OR LOSS AS A RESULT OF USING,

MODIFYING OR DISTRIBUTING THE SOFTWARE, OR ANY DERIVATIVE THEREOF,
ADVISED OF THE POSSIBILITY THEREOEF.

EVEN IF

5. This License Agreement will automatically terminate upon a material breach of

its terms and conditions.

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

by the law of the State of California, excluding conflict of law provisions.

Nothing in this License Agreement shall be deemed to create any relationship of

agency, partnership, or joint venture between BeOpen and Licensee.

This License

Agreement does not grant permission to use BeOpen trademarks or trade names in a

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

third party. As an exception, the "BeOpen Python" logos available at

http://www.pythonlabs.com/logos.html may be used according to the
granted on that web page.

permissions

7. By copying, installing or otherwise using the software, Licensee agrees to be

bound by the terms and conditions of this License Agreement.

C.2.3 CNRI LICENSE AGREEMENT FOR PYTHON 1.6.1

1. This LICENSE AGREEMENT is between the Corporation for National Research

Initiatives, having an office at 1895 Preston White Drive, Reston,

VA 20191

("CNRI"), and the Individual or Organization ("Licensee") accessing and

(T2 sl ol Aol A1)

C.2. mlo|¥ofl HMASIHLE AHZSE7| 218t 0|8 22
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(o1 sl o] A ol A Al <5)
otherwise using Python 1.6.1 software in source or binary form and its
associated documentation.

Subject to the terms and conditions of this License Agreement, CNRI hereby
grants Licensee a nonexclusive, royalty-free, world-wide license to reproduce,
analyze, test, perform and/or display publicly, prepare derivative works,
distribute, and otherwise use Python 1.6.1 alone or in any derivative version,
provided, however, that CNRI's License Agreement and CNRI's notice of copyright,
i.e., "Copyright © 1995-2001 Corporation for National Research Initiatives; All
Rights Reserved" are retained in Python 1.6.1 alone or in any derivative version
prepared by Licensee. Alternately, in lieu of CNRI's License Agreement,
Licensee may substitute the following text (omitting the quotes): "Python 1.6.1
is made available subject to the terms and conditions in CNRI's License
Agreement. This Agreement together with Python 1.6.1 may be located on the
internet using the following unique, persistent identifier (known as a handle):
1895.22/1013. This Agreement may also be obtained from a proxy server on the
internet using the following URL: http://hdl.handle.net/1895.22/1013".

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

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

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

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

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

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

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

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

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

C.2.5 ZERO-CLAUSE BSD LICENSE FOR CODE IN THE PYTHON DOCUMENTA-
TION

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

THE SOFTWARE IS PROVIDED "AS IS" AND THE AUTHOR DISCLAIMS ALL WARRANTIES WITH
REGARD TO THIS SOFTWARE INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY
AND FITNESS. IN NO EVENT SHALL THE AUTHOR BE LIABLE FOR ANY SPECIAL, DIRECT,
INDIRECT, OR CONSEQUENTIAL DAMAGES OR ANY DAMAGES WHATSOEVER RESULTING FROM
LOSS OF USE, DATA OR PROFITS, WHETHER IN AN ACTION OF CONTRACT, NEGLIGENCE OR
OTHER TORTIOUS ACTION, ARISING OUT OF OR IN CONNECTION WITH THE USE OR
PERFORMANCE OF THIS SOFTWARE.
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C.3.1 HEM EQ[AH

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

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

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

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

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

(TH5 sl el Aol A)
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(o1 sl o] A ol A Al <5)
modification, are permitted provided that the following conditions
are met:

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

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

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

permission.

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

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

C.3.2 A3

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

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

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

modification, are permitted provided that the following conditions

are met:

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

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

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

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

C.3.3 H|S7| A2 MH|A

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

Copyright 1996 by Sam Rushing

All Rights Reserved

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

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

C.3.4 F7| &g

http.cookies E Tha 22 2| AMg 23t

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

All Rights Reserved

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

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

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

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

WHETHER IN AN ACTION OF CONTRACT, NEGLIGENCE OR OTHER TORTIOUS

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

C35 A3 =X

trace RES T3} 2L 72 AFS TPk

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

Python 2.2 license.

Author: Zooko O'Whielacronx

http://zooko.com/

mailto:zooko@zooko.com

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

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

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

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

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

C.3.6 UUencode X UUdecode g4

The uu codec contains the following notice:

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

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

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

C3.7 XML YA T2 A &=

xmlrpc.client R E2 U 22 FY AHS 33 oh

The XML-RPC client interface is

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

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

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

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

C.3.8 test_epoll

The test.test_epoll module contains the following notice:

Copyright (c) 2001-2006 Twisted Matrix Laboratories.

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

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

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

C.3.9 Select kqueue

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

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

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

modification, are permitted provided that the following conditions

are met:

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

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

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

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

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

C.3.10 SipHash24

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

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

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

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

</MIT License>

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

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

C.3.11 strtod 2} dtoa

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

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

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

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

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

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

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

* documentation for such software.

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

* REPRESENTATION OR WARRANTY OF ANY KIND CONCERNING THE MERCHANTABILITY

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

*

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

C.3.12 OpenSSL

The modules hashlib, posix and ss1 use the OpenSSL library for added performance if made available by the
operating system. Additionally, the Windows and macOS installers for Python may include a copy of the OpenSSL
libraries, so we include a copy of the OpenSSL license here. For the OpenSSL 3.0 release, and later releases derived
from that, the Apache License v2 applies:

Apache License
Version 2.0, January 2004
https://www.apache.org/licenses/

TERMS AND CONDITIONS FOR USE, REPRODUCTION, AND DISTRIBUTION
1. Definitions.

"License" shall mean the terms and conditions for use, reproduction,
and distribution as defined by Sections 1 through 9 of this document.

"Licensor" shall mean the copyright owner or entity authorized by
the copyright owner that is granting the License.

"Legal Entity" shall mean the union of the acting entity and all
other entities that control, are controlled by, or are under common
control with that entity. For the purposes of this definition,
"control" means (i) the power, direct or indirect, to cause the
(Th= sl o] A of] Al%)
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direction or management of such entity, whether by contract or
otherwise, or (ii) ownership of fifty percent (50%) or more of the
outstanding shares, or (iii) beneficial ownership of such entity.

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

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

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

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

(an example is provided in the Appendix below) .

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

"Contribution" shall mean any work of authorship, including

the original version of the Work and any modifications or additions

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

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

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

2. Grant of Copyright License. Subject to the terms and conditions of
this License, each Contributor hereby grants to You a perpetual,
worldwide, non-exclusive, no-charge, royalty-free, irrevocable
copyright license to reproduce, prepare Derivative Works of,
publicly display, publicly perform, sublicense, and distribute the
Work and such Derivative Works in Source or Object form.

3. Grant of Patent License. Subject to the terms and conditions of
this License, each Contributor hereby grants to You a perpetual,

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

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

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

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

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

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

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

Submission of Contributions. Unless You explicitly state otherwise,
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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 mimalloc
MIT License:

Copyright (c) 2018-2021 Microsoft Corporation, Daan Leijen

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

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

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

C.3.20 asyncio

Parts of the asyncio module are incorporated from uvloop 0.16, which is distributed under the MIT license:

Copyright (c) 2015-2021 MagicStack Inc. http://magic.io

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

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

THE SOFTWARE IS PROVIDED "AS IS", WITHOUT WARRANTY OF ANY KIND,
EXPRESS OR IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE AND

NONINFRINGEMENT. IN NO EVENT SHALL THE AUTHORS OR COPYRIGHT HOLDERS BE
LIABLE FOR ANY CLAIM, DAMAGES OR OTHER LIABILITY, WHETHER IN AN ACTION
OF CONTRACT, TORT OR OTHERWISE, ARISING FROM, OUT OF OR IN CONNECTION
WITH THE SOFTWARE OR THE USE OR OTHER DEALINGS IN THE SOFTWARE.
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C.3.21 Global Unbounded Sequences (GUS)

The file Python/gsbr.c is adapted from FreeBSD’ s “Global Unbounded Sequences” safe memory reclamation
scheme in subr_smr.c. The file is distributed under the 2-Clause BSD License:

Copyright (c) 2019,2020 Jeffrey Roberson <jeff@FreeBSD.org>

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

modification, are permitted provided that the following conditions

are met:

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

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

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

sho] 3} o] WA E:
Copyright © 2001 Python Software Foundation. All rights reserved.

Copyright © 2000 BeOpen.com. All rights reserved.

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