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spam(ZE sto] A ME o] 7} Foldh 24 oleh B4 BES WEAT, 123 C gholnel? 34
system() o tha shol A A3 o] 28 WED Yk FATH. o] 5t d T2 FADLS AR A3
A5E VBFU St o F4E e 2ol oMol 2T 4 9712 AP

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

spammodule.c Y-S U= Z 02 AP L. (AAIH O E, R ES spam©|2tal 31, Sl + &
2= C g Spammodule cgt FYUTH BE o] 20| spammify A ] 2, BE o] 22 1
spammify.c¥ 4 A5YT})

s1ele) g F 2L thew 2tk

#define PY_SSIZE_T CLEAN
#include <Python.h>
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oh.
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It is recommended to always define PY_SSTIZE_T_CLEAN before including Python.h. See &7 k=0l A 1l 7]]
W 4= =3} 7] for a description of this macro.
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static PyObject *
spam_system (PyObject *self, PyObject *args)
{

const char *command;

int sts;

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

sts = system(command) ;

return PylLong_FromLong (sts);

}
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9O PyExc_ValueError7Z} Aggyt}.
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[static PyObject *SpamError;

a3 2Ee] 27]3 & (PyInit_spam ()l A ¢ AR = 27|18 h

PyMODINIT_FUNC
PyInit_spam(void)
{

PyObject *m;

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

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

return m;

of| 2] A9 ufo] M o] EL spam.error Yol 934 A L. PyErr_NewException () @'—T—‘: (NULL tj Al
o2 ST AEE A b= g w o]~ iﬂ]/\ﬂ (bltin-exceptions 9| 4] AW H) Exception?l FHAE BE
+ 1%tk

SpamError M4t 2 IS0 R o] S it F2E H S
Uth 9% 3o o s o] 97k BEolA AAD % 97w Eel, 2 #1744 Spantrror 7 v 2l
(angling) 3291617, 1) 15 hef ol ] 2o SR S
=, e E WA= CHETL I H = ¥9o4 stk

o] A Z o] S HF oA PyMODINIT_FUNCE &4 WHeHg 0 & A3l Zlof &3 APt

53} o] PyErr_SetString () & T &3lo] B3 2 E 0| A] spam.error & T Z = dHF5 U
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static PyObject *
spam_system (PyObject *self, PyObject *args)
{

const char *command;

int sts;

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

sts = system(command) ;

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

}

return PyLong_ FromLong (sts) ;
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2.1.3 GiRIZ E0}7}7]
oA 52 EolAA, o)A o e He o] B4 o]a T 4 Ylofof T Th:

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

AL EF oA o 8] 7} A M PyArg ParseTuple () o &5 A H Qo o] &3} A NULL(ZA] 291
BE Maehs §4ol oe] LAV S MBTTE 237 o8 Aaje] BAY gho] 9 WS comnanal
EAE ST ol A2 2B i FolH Zte] 7= EAE S AN s S HU T (WEkA & CollA], d
command+= const char *commandZ W2 A A A F ofoF g},

o L fY2 8¢ system () & 90|, PyArg_ParseTuple () oA €& ExIS Adghh:

[sts = system (command) ; J

29 spam.system () &= sts2 2 Ito) W AF 2 HI3e) oF Sttt} o] A& PyLong_FromLong ()
§4-8 830 o] Fol LI

[return PyLong_FromLong (sts) ;

o] A%, A AAE WU Th (o, A 2AE stold oA = 7 Ao AA YY)
83 RS WHESHA] O}—C?ﬂ’—r(vold% webekE o) 7 o, s | ghol 4 9= None = WHEHS| of
U 1@ A 5 }aqg o] #&77F D23t} (Py RETURN_NONE HHE/.EE TaFYUh:

Py_INCREF (Py_None) ;
return Py_None;

Py_None2 5 3}-o| { 2} 4| None 9] C o] F YUt kol M KXol ti 22 3ol A “oll2)” & o=
NULL Z A8 7} ofbY gk A% sho] A A <)

214 D E9| HAME H|O|ED} 7|5 &t

spol W =2 IO A spam_system () o] A BA TEH A Ho] FHPTL FEFF U WA, A=
Elo] &7 ofl o] 53 F4E Yd sl of I th:

static PyMethodDef SpamMethods[] = {

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

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

WA 3= (METH VARARGS)O| G234 2. o] AL olElZ g g oA C &0 A} gE &5 728 o
=Z#YaY Yt duld o 2 A METH._VARARGS U METH_VARARGS | METH_KEYWORDS o of gt}
0 2 o= AF25 A & OJ'— PyArg_ParseTuple () A o] AIEH & o) u| g}

METH ARGS T A& wlf, T shol A 5 w7 Wi 7 PyArg_ParseTuple () & & & 240
a%:a% ZE AGE A2 7Igs] of gtk o] Farof thk A4 g A B= ofef ol AlF-H Ut

719 E AAE ol A of 3tH, Al WA D= o A METH_KEYWORDS H|ES 4743 =

A Cre 7= gAade st 2 /‘ﬂ “WH PyObject * mj7j WS ‘E\‘—_‘O}—ﬂoﬁﬂ‘%‘:‘r- ol g ol
PyArg_ParseTupleAndKeywords () & AF&3}o] QA5 L7 EA3AHAI L

WA E Elo]Be BE Ho| T2A o A Z2F o] o T
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static struct PyModuleDef spammodule = {
PyModuleDef_ HEAD_INIT,

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

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

Al o] F2AE B8 2713 oA dHzgEHE AL oo FUth 273 Fq49 o5
PyInit_name () ©]ooF Ut} oI 7| A name2 REQ] o] goln, ZE Lo Ao H F L3t ¥ static
G olofof )

PyMODINIT_FUNC

PyInit_spam(void)
{

return PyModule_Create (&spammodule) ;

PyMODINIT_FUNC+ ¥<4E PyObject * 913302 A A3, S Fo Q3 EF HI AAS AA3S}
o, C++9] A g5 extern "C"Z A A F3HAAI L.

o)W 2 TWo] 20 F BE spamS YFE S|, PyInit_spam() o] &
A= obef ol A AFFUTh) ¢+ PyModule_Create () & 3=, & 44
A 2+o Hlo] & (PyMethodDef 722 vl @)L 7|¥lo 2 Y& a2 AR S A2 =
PyModule Create () + W& EE AA o dist £ AHE &Yt EF oo 4
THEHAY, ZES HE2H9A 27|38 4= 9o NULL-S 9HEE £ QlF Ut 273
S EA) Al vEgaf oF U th 18 W sys.modules ol 49 E Yth

gtol A WS o], PyImport_Inittab H o] & &5o] glo PyInit_spam() FF7FATLE &
= A FUth REZ 273 H ol 8ol 718t W, PyImport_AppendInittab () & ARS3H, AR Ao
2O RES YZE S

int
main (int argc, char *argv([])
{
wchar_t *program = Py_DecodelLocale (argv[0], NULL);
if (program == NULL) {
fprintf (stderr, "Fatal error: cannot decode argv[0]\n");
exit (1);

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

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

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

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

/* Optionally import the module; alternatively,
import can be deferred until the embedded script

(TH& sl oA ol A%)
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(o148 s o] A oAl Al A
imports it. */
PyObject *pmodule = PyImport_ImportModule ("span");
if (!pmodule) {
PyErr_Print ();
fprintf (stderr, "Error: could not import module 'spam'\n");

PyMem_RawFree (program) ;
return O;

—~

F3: sys.modulesol N G5 AASAY Z2M 2 Yol A H3tAd 252 o2 A2 Y
3}8 (£ exec () 8 AYAI7IA 3 fork () B W) A5 3 wEo] BA /B4 5 A& h 33
e

% AAA % SlolE] P28 £ 7158 uf 362 18 ol B

F

5% 4782 ol o 2] 2 F ol Hodules/xxmodule. c 2 Sho] dl 42 wjEgto] Eg o] Yruich o] HAL
12502 485 AL Bedl A 9L 4 et

231 spam A} 28] xxmodule-2 TyHA| & 7] 3} (multi-phase initialization) (3Fo] A 3.5 9] NEL7|S)E
ARg-ghU T} o] 7] A= PyModuleDef T+ 24| 7} PyInit_spamo| A ¥k3tE 31, 5 A2 A X E DX} LA
AUt oA 2 7] 3}l o §F 2RAM 8 W 82 PEP 4895 IR A1 L

MEE S-S AFEsH7] Aol sjof & F 742 2 g ol o s uth: Aot sho]H A|A”le] 3. 54
29 AHEEHE, Al AFE2 A A" o] AMSBtE B A 2 A mpek gk o sy r/]r, 3FERES
A shs Ao BsH A (Co C++ 4 1 =87 )T = Do sk AN S FH = o]tk #HAH =7}
AR (A=A CS C++ T U =317 HE FRIAAL

FAEGESANET F AU BES FojH Az HY 7 Hd RRoE g, +A4 AF S HA
St QB = 2] & Al M Esof Ut & FAE, o] A2 Y204 wj¢ 7&‘%3"4"/}1 =S F L
Wl = 2o] Modules/ T EE o 31 (o] & £ spammodule.c)S &1, Modules/Setup.local 39

o £ FYE 7&dte T =S FEIAAL

[spam spammodule.o ]

ae3 49 g e e oA make S AW 5to] AE Z B E thA] WEFA A 2. Modules/ A H U] 2 €
2] o A makeE AAT = AT H } ‘make Makefile’ 2 A1 8 310] MakefileS TFA] 2 = &) oF H
(o] A& setup .L]—F_l—‘_?,_— Eﬂiﬁﬁ]—[{,ﬂu}q g 93 r})

g0l 93g F7hetolB 7 dostd, o] A% 74 9td o] S0l UEE =+ JsUHh A€ Eo:

[spam spammodule.o —-1X11 ]
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A7A SN C BEE TR £ AT S S o IBALI Y, 2 AT 8T CoA A ol
5 2 G5B A UHe ehol Bejele] B9ol S FEIh C A o 2 7h 2
He 55 shold =2 ol A 29l W AUZE Agaol & Best A5tk
sof guich BHE $EE 44T 4 A5
=

S, ol e : e E2 AE 0] 27 A%
O (23 FARE AA0 D sholt A B BE L Bl Qe A FAL T — B AT,

]—E =
gfo]W £ FE oA Modules/main.cd ~c H8 & 34 TS AT HAA L)

shol W P4 BE 7= ASUTh WA, 3o
Aok Gtk o & A3 T4 (EL THE A
o 2] o] B o] A 3 olt]o] i} ol she] A
slok sk Zlol 2ol a4 Al L), o E Sol, The B4t BE 409

o —
—

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;

o] 3t4== METH_VARARGS Z | 15 A}&31o] g z 2 g o 553 O]: St} o] AL
Hl o] &3} % 7|3} ghof] AW E o] 9l YT PyArg_ParseTuple () &2 22 9] A}
v 7§l == 6H7] Ao AEE o dsUyh

W] Z 2 Py_XINCREF () & Py_XDECREF () &+ AA Y FZ 3 4+E Z7WTAA] 7|1 NULL ZAE 7F =2 uff
BATUT (2011 ol oA tmpe NULLS] oFdol 5121 5414 2). A4 72 5ol ol o2 A4 B
AR 7} Q5 Th

Uz, € 25 o), C & PyObject_CallObject () € ZEF UL o] ol F 719 AR}

1w, moe ol skl Aol B Leale gy e o8 245 Q1A B2 € BRe B4 Do)
AAFe] "01 FZ AA A of Ut Q7 glo] stol A 5 EEO}E%%,NULLOD%‘:H%%% AEAAL;

U A2 S2UAY, G TS AL AL py_puildvalue (& TR EAL T A

07} o e} 9 mE 2 PAT AL w) FEL M o2

int arg;

PyObject *arglist;
PyObject *result;
arg = 123;
(T sl o] A ol Al
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(e1A sl o] A ol A AI5)

/* Time to call the callback */

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

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

PyObject_CallObject () = ¥to| W A A EEE Wt :
g Urtl PyObject _CallObject () & A& #H#HS o “Fx A5 =HAYYUh o]
o0 o =

& A o o Al &=
PyObject_CallObject () &% A ¥ Py DECREF () H& A HF 02 ARG T A F&o]l ol A5 HTh
PyObject CallObject () & ¥Heh gh2 “Aj 2" U th: &3] A2 AA o] ALt F=x Sl 71 5743 71
AA QU whebA, A Ao A3t Ze] ofbd g AAF (53] 2 gholl A4l e] lets 2RE
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if (result == NULL)
return NULL; /* Pass error back */
..use result...
Py_DECREF (result) ;

ghol® F 4o thaf Pt QA E H o] A0 whe}, PyObject_CallObject () of QA B2& A|33) of
g+ gEUh Wl gk g BES 20 G4SN HF 2 A o) AT B3 shol Al me Ao A
AU, 18 thg 8% A% ¢E A0 AT ALES 5 AT ThE ol s, A4 25
02 AYY A FELS TN T S UFUTh %A St 7 9 PP L Py Buildvalue ) B
TEoh= AYUth A& S0, AT oME I =5 AGsH W, thx Z=E A S 5 dFUTh
PyObject *arglist;
arglist = Py_BuildValue (" (1)", eventcode);
result = PyObject_CallObject (my_callback, arglist);
Py_DECREF (arglist);
if (result == NULL)

return NULL; /* Pass error back */
/* Here maybe use the result */
Py_DECREF (result) ;
T & A%, o2 A4 Hol Py_DECREF (arglist) o] vix]ol o] S A 2! =3 o A HA wold o] I =7}
GATA Fgol= o sHA Al 2: Py_Buildvalue () o W27} £5& 5 9lo]A] Flsl of Fth.
Ape} 719 ARHE A A3HE Pyobiect_Call ) & A3l AU E AR} It B4 8 52T 2=
15Tk 919 oo 4 2h2ro], py_Buildvalue () & Al ©A e & FAFUTH

PyObject *dict;

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

return NULL; /* Pass error back */
/* Here maybe use the result */
Py_DECREF (result) ;
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PyArg_ParseTuple () T+ U3 2o AAg Y

[int PyArg ParseTuple (PyObject *arg, const char *format, ...);
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#define PY SSIZE_T CLEAN /* Make "s#" use Py_ssize_t rather than int. */
#include <Python.h>

int ok;

int i, 3;

long k, 1;

const char *s;
Py_ssize_t size;

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

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

ok = PyArg_ParseTuple (args, "l1lls", &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)",

(TH& sl oA ol A1)
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(o148 s o] A oAl Al A
&left, &top, &right, &bottom, &h, &v);
/* A rectangle and a point */
/* Possible Python call:
£(((0, 0), (400, 300)), (10, 10)) */

}
{
Py_complex c;
ok = PyArg_ParseTuple(args, "D:myfunction", &c);
/* a complex, also providing a function name for errors */
/* Possible Python call: myfunction (1+27) */
}

B3t B4 S 918 7|9 ohoH 4

PyArg_ParseTupleAndKeywords () S5s OS2} Zro] AAFH YT

int PyArg ParseTupleAndKeywords (PyObject *arg, PyObject *kwdict,

const char *format, char *kwlist[], ...);
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TF2-2 Geoff Philbrick (philbrick@hks.com) 2] S| A& 7]|WtS. 2 3}, 7|9 =& ALL-3F= A REQYTH

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

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

int voltage;

const char *state = "a stiff";

const char *action = "voom";

const char *type = "Norwegian Blue";

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

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

printf ("-- This parrot wouldn't %s if you put %i Volts through it.\n",
action, voltage);

printf ("-- Lovely plumage, the %s —- It's %s!\n", type, state);

(TH& sl el Aol A1)
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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 */

bi

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

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

2.1.9 el9| ¢ #5517

o] &= PyArg_ParseTuple () o HF Ut} oS3 Zo] AAFH Yth:

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

PyArg ParseTuple () oA Q1415 & A7 A 2o &) A2 A4 54 v, ARH@HY E o] oh] g}
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Py_Buildvalue ("") None
Py_Buildvalue ("i", 123) 123

Py_Buildvalue ("iii", 123, 456, 789) (123, 456, 789)
Py_Buildvalue ("s", "hello") 'hello!
Py_BuildvValue ("y", "hello") b'hello'
Py_Buildvalue ("ss", "hello", "world") ('hello', 'world')
Py_BuildvValue ("s#", "hello", 4) 'hell'
Py_Buildvalue ("y#", "hello", 4) b'hell’

Py_Buildvalue (" () ") 0
(TH& sl el Aol A1)
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Py_BuildvValue (" (i)", 123) (123,)
Py_Buildvalue (" (ii)", 123, 456) (123, 456)
Py_Buildvalue (" (i,i)", 123, 456) (123, 456)
Py_Buildvalue("[i,1]", 123, 456) [123, 456]
Py_Buildvalue ("{s:i,s:1i}",

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

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

2.1.10 & =X sl

C Cor 9} e Aol QA 219 £ 9IS I AATGE AL 227} I, C
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Every block of memory allocated with malloc () should eventually be returned to the pool of available memory by
exactly one call to free (). It is important to call free () at the right time. If a block’ s address is forgotten but
free () is not called for it, the memory it occupies cannot be reused until the program terminates. This is called a
memory leak. On the other hand, if a program calls free () for a block and then continues to use the block, it creates
a conflict with re-use 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.
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The cycle detector is able to detect garbage cycles and can reclaim them. The gc module exposes a way to run the detector
(the collect () function), as well as configuration interfaces and the ability to disable the detector at runtime.
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bug (PyObject *1list)
{
PyObject *item = PyList_GetItem(list, 0);

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

o] e WA list (0] ol tht F2E WA Th, list [1] 2 02 E v, v 2o g 19 JIx &
AUt Fefjsl HolA 22 spA| vk ZH A k5L tH

PyList_SetItem() S &9 Alo] 2S5 welrt BAth glAEE RE B T3l 2 E 2784, FE 1
< w A S ] Yl 5 1S A& (dispose) 3 oF T T} o] Al Y& FH 10] AR H o] FH A A At
7pgeta, FUla7t __del () WIAEE BTt o 7 FAITh o] FEA JAAH A Fx S4T}
1w, o] & A28t _del () WINE7FEESH YT

oMo g ZA= 7] wiEol, _del () WINEE 49 gfojH ZI=E APT 5 dFuth 139
bug () oA itemol] & F2E FEE o= AP TI L+ A7 EE2AUTH bug () o AEH &
E7F _del () WIMECA N2 Thssittal 7183, del list [0]9 8342 F= v d& dAL
Ao, o] Zlo] s AA ol et viA 2t Fxetar /g e, 1A A3 W R & A S, LefA] item

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) ;

—~

o] A AA olok71d YTt o] A WAL upo] el o] 1o WP o] 2FF o] JJom FF7F_ del ()
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E AL S A F RS £ Q5T o)l = B2 V0 TE A £33, /07 SEE 7 E 7 tE = S tE
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void
bug (PyObject *1list)
{
PyObject *item = PyList_GetItem(list, 0);
Py BEGIN_ALLOW_THREADS
..some blocking I/O call...
Py_END_ALLOW_THREADS
PyObject_Print (item, stdout, 0); /* BUG! */

NULL = QlE
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"l 22 Py INCREF () 9 Py DECREF () £ NULL ZAE S AASHA gHUTh — x|, 159 A
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static int
PySpam_System(const char *command)

{

return system(command) ;

}

rlr

AhashA 58 ek

spam_system () S

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

const char *command;

int sts;

(TH& sl oA ol A1)
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(e1A sl o] A ol A AI5)

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

return PyLong_ FromLong (sts) ;

5 A A BRI, 2 & H= thaoll

[#include <Python.h> ]

& ¥ 22 d 78 guith

#define SPAM _MODULE
#include "spammodule.h"

#define & 3|H 30| Zefo]AE BEo] o YR U= BE Z3E L Lol o AP Uth vpx e
=, BE9] 273} 342 C AP 218 0] dS % 7]3}8) of g o}

PyMODINIT_FUNC

PyInit_spam(void)

{
PyObject *m;
static void *PySpam API[PySpam API_pointers];
PyObject *c_api_object;

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

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

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

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

return m;

PySpam_API+ staticO @ AAHYTH 28X 2+ Oo W PyInit_spam() o] 25T uf] £ E v & o] Ale}
AYtH

29} B R R 2 3 5] 5 spammodule.hol 9o, the T 24U th

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

#endif

/* Header file for spammodule */

(TH& sl oA ol A1)
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/* C API functions */

#define PySpam System NUM 0O

#define PySpam_System RETURN int

#define PySpam_System PROTO (const char *command)

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

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

static PySpam_System RETURN PySpam_System PySpam_System_ PROTO;

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

static void **PySpam_ API;

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

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

static int

import_spam(void)

{

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

I3

#endif

#ifdef __ _cplusplus
I3
#endif

#endif /* !defined (Py_SPAMMODULE_H) */

PySpam_System () ol AA 2617 3] Feto]AE REO] sfof & -2 2713} oA T (A
3 2) import_spam () & T &3+ Ao] AR YUt}

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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ol e 8 dH2 EJr%_‘ SPammodule h7F 4 E3sith= A4yt 28, 718 2= Wiy
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o). o] AW AL A 02 e 27y o,

The CPython runtime sees all Python objects as variables of type PyObject *, which serves as a “base type” for all
Python objects. The PyObject structure itself only contains the object’ s reference count and a pointer to the object’
s “type object”. This is where the action is; the type object determines which (C) functions get called by the interpreter
when, for instance, an attribute gets looked up on an object, a method called, or it is multiplied by another object. These
C functions are called “type methods”.

webA], A F3E S Fo) e, Al @ AAE wEo]oF gt

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:

B3 o119 EAISHE AL A A< (o) 3 S A
oF ghUt}. C API+= T3 PyType_FromSpec () S4E ALE
o A5 Aol At TR A 9 o,

#define PY_SSIZE_T CLEAN
#include <Python.h>

typedef struct {

PyObject_HEAD

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

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

bi

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

(Th sl el Aol A<)
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(o] A | o] A e A AL
.m_size = -1,

bi

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

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

Py_INCREF (&CustomType) ;

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

return m;

o Al o Wo] W $)oF & o] WA, o] A A7} vl e Hol 7% whgh ). o] HL A A4S el Tk

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 Cust omType struct, which defines a set of flags and function pointers
that the interpreter inspects when specific operations are requested.

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

A A A2

typedef struct {
PyObject_HEAD
} CustomObject;

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

Fil: PyObject HEAD WA R Fof& AR]EE°] flsUth AR F718ke Jlol Fostqial e 47
AvtdE = =29 E A
22 A= dutA 0 ® ¥ FE PyObject _HEAD & o] F71 tolEE ARZFUTL} o & o], &2

=
shol 4 floatsell T & % o] = The3} 2% oh:

typedef struct {
PyObject_HEAD
double ob_fval;
} PyFloatObject;

22. ™ sl xtEM 25



Extending and Embedding Python, Z2|A 3.11.14

= A AL g A el U,

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

Fa: A7 2R ¢k BE PyTypeObject BEE UE3 A 41 = AA TAE A 24 kosd
$1 2} Zo] C99 2~ EFY 2] A 1 (designated) X 7] $}ALE AL 3l= Zl o] EHUTH
object.hol 1+ PyTypeObject o] AA Fol &= 99 Rt g2 =& 25Utk YA d=E=C

Astelelol o5 002 AY A, BashA ghow WA A0z AgsA e Aol Auka <l oh
3ol B D= g vy n gy

[PyVarObjectiHEADilNIT(NULL, 0)

o] & folA dF 3 ob_base BEE Z7]3}617] f3 B+ AEF I h
[.tpiname = "custom.Custom",
2 B9 o] F. o] A& AA 9] 7|2 H2E 58I A7 oflg w A A o] YEFE YT ol & o1t
>>> "" + custom.Custom ()
Traceback (most recent call last):
File "<stdin>", line 1, in <module>
TypeError: can only concatenate str (not "custom.Custom") to str

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

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

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

ZF31: If you want your type to be subclassable from Python, and your type has the same tp_basicsize as its base
type, you may have problems with multiple inheritance. A Python subclass of your type will have to list your type first in
its ___bases__, or else it will not be able to call your type’ s __new__ () method without getting an error. You can
avoid this problem by ensuring that your type has a larger value for t p_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,
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[.tp_doc = PyDoc_STR("Custom objects"), J

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

[.tpfnew = PyType_GenericNew, ]

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

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

This initializes the Custom type, filling in a number of members to the appropriate default values, including ob_type
that we initially set to NULL.

Py_INCREF (&CustomType) ;

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

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

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

£ setup.py#hes g Y& ohg; tha <

[$ python setup.py build ]

at a shell should produce a file custom. so in a subdirectory; move to that directory and fire up Python — you should
be able to import custom and play around with Custom objects.

aFA o HA AFUTE 21H A e

£, A7) Custom ¥ 18] S FA ghrUth Hlo el 7 Y ob R AR A itk AE Fehd2A S
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ZF31: While this documentation showcases the standard distutils module for building C extensions, it is recom-
mended in real-world use cases to use the newer and better-maintained setuptools library. Documentation on how
to do this is out of scope for this document and can be found in the Python Packaging User’ s Guide.
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Let’ s extend the basic example to add some data and methods. Let’ s also make the type usable as a base class. We’ 1l
create a new module, custom?2 that adds these capabilities:

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

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

} CustomObject;

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

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

CustomObject *self;

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

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

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

}
return (PyObject *) self;

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

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

if (first) {
tmp = self->first;
(TH& sl oA ol A1)
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Py_INCREF (first);
self->first = first;
Py_XDECREF (tmp) ;

}

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

}

return O;

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

bi

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

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

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

bi

static PyTypeObject CustomType = {
PyVarObject_ HEAD_INIT (NULL, O0)
.tp_name = "custom2.Custom",
.tp_doc = PyDoc_STR("Custom objects"),
.tp_basicsize = sizeof (CustomObject),
.tp_itemsize = 0,
.tp_flags = Py_TPFLAGS_DEFAULT | Py_TPFLAGS_BASETYPE,
.tp_new = Custom_new,
.tp_init = (initproc) Custom_init,
.tp_dealloc = (destructor) Custom_dealloc,
.tp_members = Custom_members,
.tp_methods = Custom_methods,

bi

7 o] A ol A A <)
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static PyModuleDef custommodule = {
PyModuleDef_ HEAD_INIT,

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

bi

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

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

Py_INCREF (&CustomType) ;

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

return m;

ol Mo gl o 7HA WA Abdel dsdth

We’ ve added an extra include:

[#include <structmember.h>

This include provides declarations that we use to handle attributes, as described a bit later.

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

AR F2AE 2 2ol AAF Ytk

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

} CustomObject;

olAl & & vl olE 7}k A7) w2 oll, AA T D7 shAlol 3l B ATl oF FU . H2T, T A

WA =7k 8 8 gk

static void
Custom_dealloc (CustomObject *self)
{
Py_XDECREF (self->first);
Py_XDECREF (self->1last);

(Th= sl o] Aol A%)
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(o] A | o] A e A AL
‘ Py_TYPE (self) —>tp_free ((PyObject *) self); ’
I3

o]+ tp_dealloc WH ol thYPrh:

[.tp_dealloc = (destructor) Custom_dealloc, ]

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

Zr3: CustomObiject * AAE FHIEE Custom_deallocS HYPA W tp_dealloc T4 EQH
PyObject * QAA}E vE Ao =7 7|thd}7] wj & o 9] destructor 29 WA A HAET}
294 o, BarLel oA Aok AU o) o] C= s AR A3 b I o
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static PyObject *
Custom_new (PyTypeObject *type, PyObject *args, PyObject *kwds)
{

CustomObject *self;

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

self->first = PyUnicode_FromString("");

if (self->first == NULL) {

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

}
return (PyObject *) self;

233 IS tp_new WH o AA gt

[.tp_new = Custom_new,

]

The tp_new handler is responsible for creating (as opposed to initializing) objects of the type. It is exposed in Python
as the _ new__ () method. It is not required to define a tp_new member, and indeed many extension types will
simply reuse PyType_GenericNew () as done in the first version of the Custom type above. In this case, we use
the t p_new handler to initialize the first and 1ast attributes to non-NULL default values.

tp_newt QA48 HE §(HE 227 A28 B 5 W, WEA] custonType d Dot G5 TH
3} Yol 559 W) AT BE X7l A, vEol A AAEAE MY Ao ATk tp_new
A7)t B AR AN E AAE Bol Sl AW, 55 AAE TASkm AR A2 & 2715 (CH tp_init

watole]  init ) WX =oA AT YT
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Fa: Je = E 7 AF & AolehA, tp_news HAIHLZ tp_initE TS G F Yok

tp_new 1L tp_alloc €52 T3t 2 & TG

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

w2 g gfo] Aufe = 9loj A, A3P3}H7] Aol tp_alloc A7 NULL O] opd 2] E<l3) oF gt}

Z3: $elttp_alloc 222 A4 ASA AL UL th4l pyType Ready () 7} o] Zef 2 (7] 24
© % object YUTHOIA A& 3to] o] & Ag Ut tREe] BE 7|2 T ek A&

Z31: If you are creating a co-operative tp_new (one that calls a base type’ s tp_new or __new__ () ), you must
not try to determine what method to call using method resolution order at runtime. Always statically determine what type
you are going to call, and call its t p_new directly, or via t ype->tp_base—>tp_new. If you do not do this, Python
subclasses of your type that also inherit from other Python-defined classes may not work correctly. (Specifically, you may
not be able to create instances of such subclasses without getting a TypeError.)

Aagne] 2GS AT e AXE WolE ot 278 4= BTk

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

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

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

I3

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

I3

return O;

oJALE tp_init €& A Uth

[.tp_init = (initproc) Custom_init,

The tp_init slotisexposedin Pythonasthe  init__ () method. It is used to initialize an object after it’ s created.
Initializers always accept positional and keyword arguments, and they should return either O on success or —1 on error.

Unlike the t p_new handler, there is no guarantee that tp_init is called at all (for example, the pickle module by
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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;
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static PyMemberDef Custom_members[] = {
{"first", T_OBJECT_EX, offsetof (CustomObject, first), O,
"first name"},
{"last", T_OBJECT_EX, offsetof (CustomObject, last), O,
"last name"},
{"number", T_INT, offsetof (CustomObject, number), O,
"custom number"},
{NULL} /* Sentinel */

bi

I8]3 tp_members &5 Aol & ¥HUth

[.tp_members = Custom_members,

2 Stk 49
Utk ol 80 4L EAAY Ao AhSHA R, BE shold AN E YU 5 gEUTh Ed o= RES
AA T 5 Ut C ZAB S NULLE A FUTh NULLO] obd o2 WHE 2713 & 5 A B, o=
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We define a single method, Custom. name (), that outputs the objects name as the concatenation of the first and last
names.

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

(ThS sl el Aol A)
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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 1ast members are NULL. This is because they can
be deleted, in which case they are set to NULL. It would be better to prevent deletion of these attributes and to restrict
the attribute values to be strings. We’ 1l see how to do that in the next section.

oAl MM EE s UTh M E Ao v dES e ol oF Futh:

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

bi

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

283 tp_methods €F° Y&}

[.tpfmethods = Custom_methods, ]

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

[.tp_flags = Py_TPFLAGS_DEFAULT | Py_TPFLAGS_BASETYPE, ]

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

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

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

1)
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In this section, we’ 11 provide finer control over how the first and last attributes are set in the Custom example.
In the previous version of our module, the instance variables first and Last could be set to non-string values or even
deleted. We want to make sure that these attributes always contain strings.

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

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

} CustomObject;

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

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

CustomObject *self;

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

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

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

}
return (PyObject *) self;

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

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

if (first) {
(T sl ol Aol Al%)

22. ™ sl xtEM 35




Extending and Embedding Python, Z2|A 3.11.14

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

return 0;

static PyMemberDef Custom_members|]
{"number", T_INT,

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

bi

static PyObject *
Custom_getfirst (CustomObject *self,
{

Py_INCREF (self->first);

return self->first;

static int
Custom_setfirst (CustomObject *self,
{

PyObject *tmp;

if (value NULL) A

return -1;
}

if (!PyUnicode_Check (value)) {

return -1;
}
tmp = self->first;
Py_INCREF (value) ;
self->first = value;
Py_DECREF (tmp) ;
return O;

static PyObject *
Custom_getlast (CustomObject *self,
{

Py_INCREF (self->last);

return self->last;

static int
Custom_setlast (CustomObject *self,

{

offsetof (CustomObject,

PyErr_SetString (PyExc_TypeError,

PyErr_SetString (PyExc_TypeError,
"The first attribute value must be a string");

bl

gl

(o1& o] A ol A A<)

= {

number), O,

void *closure)

PyObject *value, wvoid *closure)

"Cannot delete the first attribute");

void *closure)

PyObject *value, void *closure)

(TH& sl o1 Aol A1)
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PyObject *tmp;
if (value == NULL) {

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

return -1;
}
if (!PyUnicode_Check (value)) {

PyErr_SetString (PyExc_TypeError,

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

return -1;
}
tmp = self->last;
Py_INCREF (value) ;
self->last = value;
Py_DECREF (tmp) ;
return 0;

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

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

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

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

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

bi

static PyTypeObject CustomType = {
PyVarObject_HEAD_INIT (NULL, O)
.tp_name = "custom3.Custom",
.tp_doc = PyDoc_STR("Custom objects"),
.tp_basicsize = sizeof (CustomObject),
.tp_itemsize = 0,
.tp_flags = Py_TPFLAGS_DEFAULT | Py_TPFLAGS_BASETYPE,
.tp_new = Custom_new,

.tp_init = (initproc) Custom_init,
.tp_dealloc = (destructor) Custom_dealloc,
.tp_members = Custom_members,

.tp_methods = Custom_methods,
.tp_getset = Custom_getsetters,
bi

static PyModuleDef custommodule = {
PyModuleDef HEAD_INIT,
.m_name = "custom3",

.m_doc = "Example module that creates an extension type.",
(o= sl o] A ol Al%)
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.m_size = -1,

bi

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

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

Py_INCREF (&CustomType) ;

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

return m;

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

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

Py_INCREF (self->first);

return self->first;

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

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

The setter function is passed the Cust om object, the new value, and the closure. The new value may be NULL, in which

case the attribute is being deleted. In our setter, we raise an error if the attribute is deleted or if its new value is not a
string.

PyGetSetDef XA ldLS W5t}

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

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

bi

18]l tp_getset X0 TEFUTH

[.tpfgetset = Custom_getsetters, J

PyGetSetDef XA 2] npx| 2} =2 QoA AFI“FZA” YUt} o] F-¢, F2AE AFLFHA QPolA,
NULL Y A &-sh o

o] 3 o ETFE tie W H o E A ALYk

static PyMemberDef Custom_members|[] = {
{"number", T_INT, offsetof (CustomObject, number), O,
"custom number"},
{NULL} /* Sentinel */
bi
T RGN ALHEE tp_init X2 7]E FAsoF Ptk
static int
Custom_init (CustomObject *self, PyObject *args, PyObject *kwds)
{
static char *kwlist[] = {"first", "last", "number", NULL};
PyObject *first = NULL, *last NULL, *tmp;
if (!PyArg_ParseTupleAndKeywords (args, kwds, "|[UUi", kwlist,
sfirst, &last,
&self->number))
return -1;
if (first) |
tmp = self->first;
Py_INCREF (first);
self->first = first;
Py_DECREF (tmp) ;
}
if (last) {
tmp = self->last;
Py_INCREF (last);
self->last = last;
Py_DECREF (tmp) ;
(& slo] 2 o A%)
392 ol Al firsts) last AW 7F EAGo ek AS B ol A, HE A5E Bolt ol @ FAT QAW St BAE Ay
Ze) 29 drEag wolE Utk AW AL TG SAATE Aol 92 AR oA BEF AL drieks, BA4D AH oo
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return 0
}
ol# e WMAS M, first & last WH 7} Ao NULL o] op2tal AT 5= 9loj A, A o] BE 47l NULL
& AAE AAT £ dFUTE o] AL ] Py _XDECREF () §&°] Py_DECREF () S22 W33
A2 gugyrct o]Hd T &S AAT = U= FL FAE=tp _dealloc FHoAAH], tp_ newoM
ol Mo 27|37 A S 7ol dsUTh
TSt ol A} np A A &2, 273} Fgo| M BE 27|38 49 BE o|5& v, setup.py FE ol 7}
A& F7Ht
2.2.4 &2 JHH|X| £&H X|=25}17]
ghol R A2 7100 ofd W= EZ Q3 AAE AT 5= Qe =8 78] A A7) (GO 7F A5 Y Th
o) AL AA 7} =&l o uf ol %l%l% LA E B, S YA AL
>>> 1 = []
>>> 1.append(l)
>>> del 1
o] dlof| A, A4l & 23 B AEE WUt A E o A3 AA FR7F AU FR ST 00 =
Foj X2 FFUth g AHAE, sho| W] =3 78| 2] A7 = %El/\Eﬂﬂﬂ]Xl S &Holsta S Al

ot
In the second version of the Custom example, we allowed any kind of object to be stored in the first or last

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

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

>>> n = Derived()
>>> n.some_attribute = n

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

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

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

} CustomObject;

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

(TH& sl el Aol A1)
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Py _VISIT (self->first);
Py _VISIT (self->last);
return 0;

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

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

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

CustomObject *self;

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

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

Py_DECREF (self);
return NULL;

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

}
return (PyObject *) self;

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

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

return -1;

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

(TH& sl o1 Aol A1)
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Py_DECREF (tmp) ;
}
if (last) |
tmp self->last;
Py_INCREF (last);
self->1last last;

Py_DECREF (tmp) ;

}

return 0;

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

bi
static PyObject *

{
Py_INCREF (self->first);

return self->first;

static int

{

return -1;
}
Py_INCREF (value) ;
Py_CLEAR (self->first);
self->first value;
return O;

static PyObject *
Custom_getlast (CustomObject *self,
{

Py_INCREF (self->last);

return self->last;

static int
Custom_setlast (CustomObject *self,

{

offsetof (CustomObject,

Custom_getfirst (CustomObject *self,

Custom_setfirst (CustomObject *self,

if (value == NULL) {
PyErr_SetString (PyExc_TypeError,
return -1;

}

if (!PyUnicode_Check (value)) {

if (value == NULL) {
PyErr_ SetString (PyExc_TypeError,
return -1;

}

if (!PyUnicode_Check (value)) {

bl

gl

(el

= {

number), O,

void *closure)

PyObject *value, wvoid *closure)

"Cannot delete the first attribute");

PyErr_SetString (PyExc_TypeError,
"The first attribute value must be a string");

void *closure)

PyObject *value, wvoid *closure)

"Cannot delete the last attribute");

7 o] A ol A A <)
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PyErr_SetString (PyExc_TypeError,
"The last attribute value must be a string");

return -1;
}
Py_INCREF (value) ;
Py_CLEAR (self->last);
self->last = value;
return O;

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

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

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

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

static PyTypeObject CustomType = {
PyVarObject_ HEAD_INIT (NULL, O)
.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 = (initproc) Custom_init,
.tp_dealloc = (destructor) Custom_dealloc,
.tp_traverse = (traverseproc) Custom_traverse,
.tp_clear = (inquiry) Custom_clear,
.tp_members = Custom_members,
.tp_methods = Custom_methods,
.tp_getset = Custom_getsetters,

bi

static PyModuleDef custommodule = {
PyModuleDef_ HEAD_INIT,

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

bi

PyMODINIT_FUNC
PyInit_custom4 (void)
(Th sl o] Aol A%)
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PyObject *m;
if (PyType_Ready (&CustomType) < 0)
return NULL;

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

Py_INCREF (&CustomType) ;

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

return m;

AR, & (traversal) M A =+ 3 GC 7} =3 A
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static int
Custom_traverse (CustomObject *self, visitproc visit, woid *arg)
{
int vret;
if (self->first) {
vret = visit (self->first, arg);
if (vret != 0)
return vret;
I3
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.

so] 2 visit T ©F S A5 35k Py VISIT() WA RS AleR¥Yth Py VISIT() S AH8-3HH,
Custom_traversed| A &&F &S Hasts = JdH5Uch:

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

Py _VISIT (self->first);

Py _VISIT (self->last);

return 0;

Z3: Py VISIT() & AHE3t ¥ tp_traverse FAOAA AR} o] 5 visit T} arg 2 74 31 A| A A 3f oF

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

Py_CLEAR() WA E Ago] FEIFHA L. FXR IAFE Z|HA ¢ F< dolH 01 FHEE 29 :
AE 31 kA YT NULLE A A 317] Aol o] E] HE A py_XDECREF () & th4l SE 3 oW,
SJEZREY B2/ A EYREE A o= TE(53] F2 8o Jow)E A 5T 7MsAo

Fa: o33 Zo] A ete] Py _CLEAR() & o[ E# o] AT 4 A Uth

PyObject *tmp;

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

I E, EREE AAD w] F4 Py_CLEAR() S AHESH7]7H B R f AL ol g7t AUtk A<
Sy stE A ARk 2 A 52 Al shA] nRY Al L)

&g 3 Al 7] Custom dealloc% O%E HES A=W 499 I=5 52T 5 U o=
NA £ GC7HEHA E 5+ A AUI?JHD} GCE Iz A s7100] oby et 7k 5H7] wfj 2o,
WE A7) Ao PyObject_GC_UnTrack() < &3} GCnﬂ]/ﬂ AR S 22 3 A3 oF g}
PyObject_GC_UnTrack () ¥ Custom_clear & AF&3le] OA] 28 H &3 A 71 J Ytk

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

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

[.tp_flags = Py_TPFLAGS_DEFAULT | Py_TPFLAGS_BASETYPE | Py_TPFLAGS_HAVE_GC,

Aotk FHEUTH AFEAF A9 tp_alloco)y tp_free A 7] & FAA PP oW, =3 70| 2] = AE 3 o] &
T ok FUTh ti R B2 AHF o2 AT d WS AR T
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In this example we will create a SubLi st type that inherits from the built-in 11 st type. The new type will be completely
compatible with regular lists, but will have an additional increment () method that increases an internal counter:

—L

>>> import sublist

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

>>> print (len(s))

6

>>> print (s.increment ())

1

>>> print (s.increment ())

2

#define PY_SSIZE_T CLEAN
#include <Python.h>

typedef struct {
PyListObject list;
int state;

} SubListObject;

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

self->state++;

return PylLong_FromLong(self->state);

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

bi

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

static PyTypeObject SubListType = {
PyVarObject_ HEAD_INIT (NULL, O)
.tp_name = "sublist.SubList",
.tp_doc = PyDoc_STR("SubList objects"),
.tp_basicsize = sizeof (SubListObject),
.tp_itemsize = 0,
.tp_flags = Py_TPFLAGS_DEFAULT | Py_TPFLAGS_BASETYPE,
.tp_init = (initproc) SubList_init,
(ke 5l o] 2] o] A1 %5)
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.tp_methods = SubList_methods,
bi

static PyModuleDef sublistmodule = {
PyModuleDef HEAD_INIT,

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

bi

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

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

Py_INCREF (&SubListType) ;

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

return m;

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

typedef struct {
PyListObject list;
int state;

} SubListObject;

QG A2l T8 Aol 2 wloj 2y o] A A7 A HA gholojof = AUt Wlo]2F L2 o]
TEA Y Al A FEe] PyObject HEAD () & g th

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

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

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

ol L2 AL A ] tp_new tp_dealloc WHE 2= JS& AT u] ST LFYUTE tp_new A 7]+
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AAZ tp_allocE AHgdte] A4 o) W R e S WA T3, Wl o] 2 Ze| A7t A tp_news TE3te] A
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PyMODINIT_FUNC

PyInit_sublist (void)
{

PyObject* m;

SubListType.tp_base = &PyList_Type;

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

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

Py_INCREF (&SubListType) ;

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

return m;

ByType_Ready () & B2817] Aol, & F2A 0] tp_base £ o] A slofok gt 71& AL A1
], PyType_GenericNew () & tp_alloc €% A& T8+ JFUTH-wlo)|2F o 3 47} 45 H

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 &S Mo|5}7|: 04z 7HK| A
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typedef struct _typeobject {
PyObject_VAR_HEAD
const char *tp_name; /* For printing, in format "<module>.<name>" */
Py_ssize_t tp_basicsize, tp_itemsize; /* For allocation */

/* Methods to implement standard operations */

destructor tp_dealloc;
Py_ssize_t tp_vectorcall offset;
getattrfunc tp_getattr;
setattrfunc tp_setattr;
PyAsyncMethods *tp_as_async; /* formerly known as tp_compare (Python 2)

or tp_reserved (Python 3) */
reprfunc tp_repr;

(th& sl o] A ol Al
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/* Method suites for standard classes */

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

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

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

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

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

const char *tp_doc; /* Documentation string */

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

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

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

/* weak reference enabler */
Py_ssize_t tp_weaklistoffset;

/* Iterators */
getiterfunc tp_iter;
iternextfunc tp_iternext;

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

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

destructor tp_finalize;
vectorcallfunc tp_vectorcall;
} PyTypeObject;

oA WA =7k o} BTk U AASA A S - Belstelt Pol 9o, o] F IRV TAR s
o] % w5yt
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[const char *tp_name; /* For printing */ J
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[Py_ssize_t tp_basicsize, tp_itemsize; /* For allocation */ ]

o) D= o] Fo| A A7} oA w) B v R Arpelo] FeiFUTh Tl AL A Bo] 72
(AZFoIA 2 BAY, F2) ol the A Qe AT e, olul tp_itemsize BE7} FoIFUTE o] A

sl o= A4yt

[const char *tp_doc; ]
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[destructor tp_dealloc; ]
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static void
newdatatype_dealloc (newdatatypeobject *obj)
{
free (obj->obj_UnderlyingDatatypePtr) ;
Py_TYPE (obj) —>tp_free ((PyObject *)obj);
}

o] 7kl A AL A Q3Hd, B AL W B=F A7) Aol Pyobject _GC_UnTrack () & T &3 of
Tyt
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static void

newdatatype_dealloc (newdatatypeobject *obj)

{
PyObject_GC_UnTrack (obj) ;
Py_CLEAR (obj->other_obj);

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

TG AA B4 FLF LT Y F HE AR 5 9 E 22 9A Folof Bkt AUtk 2
Hzele st stol A 292 58 W) @9 A/ A% 555 7 W] FL Uk 2ol (R4
whgko] oby) o 9] 2 9ls) ¥ 244 w, T S 717} o197} o n] AR o] Yee L 4 YEE S AL
PR AE 4% A FITh BF A7 SR SE 27} Tl A IEA QAD £ YR = A E2AE
97 AR LSS FA 5 AFUTh ot ABZH EFHES T 5 JFUTh o & A
U2 Y e R e 2A T 4] Aol AR Tl o9 B Aok W Bt Aok
PyErr Fetch() 9} PyErr Restore() 4% AHg3tel £8 + d&Utt

static void

my_dealloc (PyObject *obj)

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

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

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

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

PyErr_WriteUnraisable (self->my_callback);
else

Py_DECREF (cbresult) ;

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

Py_DECREF (self->my_callback);

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

. G A oA HASA FH T 5= = FFoll= Alste] syt WA, o] 7N A =AE
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sfol WA, Ao A BHE P43
e dA str () & TEFYTH) ©] A

reprfunc tp_repr;
reprfunc tp_str;

tp_repr A7l 29 d2d20 RH S st AL AAE vl of Ut o2 0 E A Y

Yk

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

tp_repr A8 7|7} A A 2] o, Az Bl &2 tp_named} AA ] TF A g A EIE=THES
A&yt

tp_str A 2] 7]E str () ol thak 20| a1, ol A A3 tp_repr 22| 7|2k repr () 719] A 22 BA Y
Ut} &, slol A izﬂﬁﬂu AAE A str() S TE3uj E%%HD} ?ﬁ%t _repr &9} vj ¢
AR B, A EAE -2 Abgo] ALg317] Al e AdUth tp_str2 A AFIA] O, tp_repr X%’Jﬂ 7}
Al AR Yt

U2 e o Ay ok

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

2.3.3 O{ER|EE ziz|
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getattrfunc tp_getattr; /* char * version */
setattrfunc tp_setattr;

/% coo %Y

getattrofunc tp_getattro; /* PyObject * version */

setattrofunc tp_setattro;

A 2] o EFHE A A6sHE Aol & Aol (A AR AJUTh, o EFHE &2 ‘6"‘«1
PyObject* WAS A F ot vl AR S 5 v A 73 o] Ads5Uth sfolA 22¥E% FHE oJEH
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struct PyMethodDef *tp_methods;
struct PyMemberDef *tp_members;
struct PyGetSetDef *tp_getset;

vi)

tp_methods 7} NULL©| o)UY, PyMethodDef FZ A9 v IS I Z & oF gt Hol B9 7 &2 )L
T2A ) AT AT

typedef struct PyMethodDef {

const char *ml_name; /* method name */

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

const char *ml_doc; /* docstring */

} PyMethodDef;

FoIA A5 & 2 A o] dhol shtel B 2 oA A4 B A =& ol
2317 S5 T B ol Shike] F7h o] D ghich Aol 22 e ALEl Y (sentinel) U T,
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typedef struct PyMemberDef {
const char *name;

int type;
int offset;
int flags;

const char *doc;
} PyMemberDef;

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

The following flag constants are defined in st ructmember . h; they may be combined using bitwise-OR.
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Constant Meaning

READONLY Never writable.
PY_AUDIT_READ Emitanobject.__getattr__ audit events before reading.

WA 3.100] 4 ¥ : RESTRICTED, READ_RESTRICTED and WRITE_RESTRICTED are deprecated. How-
ever, READ_RESTRICTED is an alias for PY _AUDIT_READ, so fields that specify either RESTRICTED or
READ_RESTRICTED will also raise an audit event.

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

tp_methods | o] &3} }Z7FA 2, m1_name o] NULL S Al E]d 5 o] 22 3ot

¥ 0EZ|IRE 22|

ogk

2heks] 87] 919, char+ M W o] 7104 o] A% T} name v 7} W4
pyobject* WA 7k2] §A Aol BTk, o] ol A& 912 B8 A9 B A os 0o

o] 2.20] 2748 Mg A AL AE3A GFUTh Ael7) B4 BEH E HAL A
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tp_getattr A g 7]+ QAo AEYHE 27 22w SEHYTLE FW2Y _ getattr_ () WA
TN ZEEE A T2 AZ TEH UL

o+ t33 25Utk

static PyObject *

newdatatype_getattr (newdatatypeobject *obj, char *name)
{

L

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

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

return NULL;

tp_setattr A 7= ZFP 2 A2EHA9 _ setattr_ () °]y}_ _delattr_ ()
HUth AEHFEE AA S oF 3HdE, Al AR w7 M= NuLLo] Yt th2 ‘?_‘r—fE%] o 2] & A Al 7]
o QJuUth; o] Zo] AL R oJefj o] Pt AR e, tp_setattr A 8] 7] NULLE A A= of oF Fth

static int

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

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

[richcmpfunc tp_richcompare;

tp_richcompare A g|7|=8u7l 8w &Yl _ 1t () & 22 FX3u|u WA =9 3335}
H, PyObject_RichCompare () &} PyObject_RichCompareBool () o 2 H/ﬂE TE=H Y}

o] & F Y stol M A 9 AMNAE AR AFE S TEH UL o 714 A4kA= Py_EQ, Py_NE,
Py_LE, Py GE, Py LT < Py _GT ¥ st Utk AR H AAAE F AA S vlw st vl 453t
Py _TrueWPy FalseE, Hla7} F+EH A ekgrom th-& AA o] vl WA =& Al =8 oF gt A vE
W& Py_NotImplementedE, 92 7} A= A NULLES HHE3] oF ghu T}

YR zelEle] 277 2o prhu Eeke HolHFol te A4S 7AL ohe3 gtk

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

PyObject *result;

int ¢, sizel, size2;

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

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

switch (op) {

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

}

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

return result;

& AT, ool @ ALk o128 A A AT E FAA
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PyNumberMethods *tp_as_number;

PySequenceMethods *tp_as_sequence;
PyMappingMethods *tp_as_mapping;

AHE AA =2, ADd2 EE o] APAY Z53 52 533, C3 PyNumberMethods,
PySequenceMethods .+ PyMappingMethods & Z+ZF F 83l 2 A9 F4AE AT Ytk o] +#
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[hashfunc tp_hash; ]
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{

static Py_hash_t
newdatatype_hash (newdatatypeobject *obj)

Py_hash_t result;

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

return result;

Py_hash_t is a signed integer type with a platform-varying width. Returning —1 from tp_hash indicates an error,
which is why you should be careful to avoid returning it when hash computation is successful, as seen above.

[ternaryfunc tp_call;
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{

static PyObject *
newdatatype_call (newdatatypeobject *self, PyObject *args, PyObject *kwds)

PyObject *result;
const char *argl;
const char *arg2;
const char *arg3;

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

}

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

return result;
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/* Iterators */
getiterfunc tp_iter;
iternextfunc tp_iternext;
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weakref BEO| thsk A A.
For an object to be weakly referencable, the extension type must do two things:

1. Include a PyObject* field in the C object structure dedicated to the weak reference mechanism. The object’ s
constructor should leave it NULL (which is automatic when using the default tp_alloc).

2. Setthe tp_weaklistoffset type member to the offset of the aforementioned field in the C object structure,
so that the interpreter knows how to access and modify that field.

Concretely, here is how a trivial object structure would be augmented with the required field:

typedef struct {

PyObject_HEAD

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

And the corresponding member in the statically declared type object:

static PyTypeObject TrivialType = {
PyVarObject_ HEAD_INIT (NULL, O0)
/* ... other members omitted for brevity ... */
.tp_weaklistoffset = offsetof (TrivialObject, weakreflist),

bi

The only further addition is that tp_dealloc needs to clear any weak references (by calling
PyObject_ClearWeakRefs ()) if the field is non-NULL:
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static void
Trivial_dealloc(TrivialObject *self)

{

/* Clear weakrefs first before calling any destructors */

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

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

2.3.7 FI} H[¢t

A dlelE P ol 54 mMIAEE FEsh= e M2, CPython 22 I EE T34 Al 2. Objects HEH
oA tp_o Yok 715 B A (oS £, tp_richcompare)& &4

22 o] 3 th3, C &2 5
Ao TRAREE ool g 2E 5 A AU
AN 7A 5 B T4 A2V A0A FA3 ok ¥, Pyobject TypeCheck () F5E AHS5HAIA L.

A ol The 3 24Utk

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

}

o ®B7]:
CPython 222 We] 25 L 2E81 A 2.
https://www.python.org/downloads/source/

GitHub €] CPython = 2 A € CPython A~ F =7} 7| uts]| = 3L,
https://github.com/python/cpython

2.4 C2} C++ =7 L ES]Y|

CPython®] C &2 2713} & HEWE &7 el B dUnt (& S9, el52+ .so, 95T+
.pyd).

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

2715 =g 2 A S 25 Uth

PyObject *PyInit_modulename (void)

&HA3] 278" EEo]U PyModuleDef AAEAE WU T AR $F U 8- initializing-modules & 33
34141 2.

ASCIIZ %} o] 2 0] R o] &2 & 71 B EQ A%, 49 o] 5L PyInit_<modulename> o] ojoF ST}, o] 7]
Al <modulename>S EE9 o]E0 2 /"(] Z+sky o} multi- phase—initialization% AR o ASCIL 7} ol d &

o] £ o] FgH YT} o] AP, 273} T o] 5L PyInitU_<modulename>©] B <modulename>-> 3}o] A
9] punycode AT H O Z A FHF 1 W= oAU} sho] Mo Al:

def initfunc_name (name) :
try:
suffix = b'_ ' + name.encode('ascii')

(TH& sl oA ol A1)
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(o] A | o] A e A AL
except UnicodeEncodeError:
suffix = b'U_' + name.encode ('punycode') .replace(b'-"', b'_")
return b'PyInit' + suffix

e 2718 F4E ool DY 37 ol o)A of ] RES HH Y+ Y%tk 1} o5

2.4.1 Building C and C++ Extensions with distutils
Extension modules can be built using distutils, which is included in Python. Since distutils also supports creation of binary
packages, users don’ t necessarily need a compiler and distutils to install the extension.

A distutils package contains a driver script, setup . py. This is a plain Python file, which, in the most simple case, could
look like this:

from distutils.core import setup, Extension

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

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

With this setup . py, and a file demo . ¢, running

[python setup.py build

will compile demo. ¢, and produce an extension module named demo in the build directory. Depending on the
system, the module file will end up in a subdirectory build/1lib.system, and may have a name like demo . so or
demo.pyd.

In the setup. py, all execution is performed by calling the setup function. This takes a variable number of keyword
arguments, of which the example above uses only a subset. Specifically, the example specifies meta-information to build
packages, and it specifies the contents of the package. Normally, a package will contain additional modules, like Python
source modules, documentation, subpackages, etc. Please refer to the distutils documentation in distutils-index to learn
more about the features of distutils; this section explains building extension modules only.

It is common to pre-compute arguments to setup (), to better structure the driver script. In the example above, the
ext_modules argument to setup () is a list of extension modules, each of which is an instance of the Extension.
In the example, the instance defines an extension named demo which is build by compiling a single source file, demo . c.

In many cases, building an extension is more complex, since additional preprocessor defines and libraries may be needed.
This is demonstrated in the example below.

from distutils.core import setup, Extension

modulel = Extension('demo',
define_macros = [ ('MAJOR_VERSION', '1"'"),
('MINOR_VERSION', '0')1,
include_dirs = ['/usr/local/include'],
libraries = ['tcl83'],
library_dirs = ['/usr/local/lib'],

(TH sl el Aol A%)
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(e1A sl o] A ol A AI5)

sources = ['demo.c'])

setup (name = 'PackageName',
version = '1.0",
description = 'This is a demo package',
author = 'Martin v. Loewis',
author_email = 'martin@v.loewis.de',
url = 'https://docs.python.org/extending/building’',
long_description = '''
This is really just a demo package.

L]
’

ext_modules = [modulel])

In this example, setup () is called with additional meta-information, which is recommended when distribution packages
have to be built. For the extension itself, it specifies preprocessor defines, include directories, library directories, and
libraries. Depending on the compiler, distutils passes this information in different ways to the compiler. For example, on
Unix, this may result in the compilation commands

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

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

These lines are for demonstration purposes only; distutils users should trust that distutils gets the invocations right.

2.4.2 Distributing your extension modules

When an extension has been successfully built, there are three ways to use it.

End-users will typically want to install the module, they do so by running

[python setup.py install ]

Module maintainers should produce source packages; to do so, they run

[python setup.py sdist ]

In some cases, additional files need to be included in a source distribution; this is done through a MANIFEST. in file;
see manifest for details.

If the source distribution has been built successfully, maintainers can also create binary distributions. Depending on the
platform, one of the following commands can be used to do so.

python setup.py bdist_dumb

python setup.py bdist_rpm ’
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There are two approaches to building extension modules on Windows, just as there are on Unix: use the distutils
package to control the build process, or do things manually. The distutils approach works well for most extensions;
documentation on using distutils to build and package extension modules is available in distutils-index. If you find
you really need to do things manually, it may be instructive to study the project file for the winsound standard library
module.
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#define PY_SSIZE_T_ CLEAN
#include <Python.h>

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

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

}

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

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

if (Py_FinalizeEx () < 0) {

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

The Py_SetProgramName () function should be called before Py_Initialize () toinform the interpreter 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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#define PY SSIZE_T CLEAN
#include <Python.h>

int

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

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

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

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

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

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

if (pFunc && PyCallable_Check (pFunc)) {
pPArgs = 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;
I3
/* pValue reference stolen here: */
PyTuple_SetItem(pArgs, i, pValue);
I3
pValue = PyObject_CallObject (pFunc, pArgs);
Py_DECREF (pArgs) ;
(& o] 2 o A%)
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if (pValue != NULL) {

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

Py_DECREF (pValue) ;
}
else {

Py_DECREF (pFunc) ;

Py_DECREF (pModule) ;

PyErr_ Print () ;

fprintf (stderr, "Call failed\n")

return 1;

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

return O;

—~

o) FEEargv1] & AHate] oM AAYEE 2EST, argy (2] ol 4 BT F4E BEFULL B4
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def multiply(a,b):

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

T#W Frhe T3 Zotok Ptk

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

iilﬂol 75 HTh s 2 ol A, t R T & gpo] i3 C Abo] o) Hl o] &3} of o] K1 93t
AUk ol WA #E Sz BEL o3 A

Py_Initialize();

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

o
>

X T
o H
<
ul

After initializing the interpreter, the script is loaded using Py Import_Import (). This routine needs a Python string

66 Chapter 3. . 2 88 ZZ1 30|l CPython HHEIIE L &6}7|




Extending and Embedding Python, Z2|A 3.11.14

as its argument, which is constructed using the PyUnicode_FromString () data conversion routine.

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

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

}
Py_XDECREF (pFunc) ;

A 2aYEIF 2, 2|7} 2L 3l ©]F 0] PyObject GetAttrString () & Aol A H Y
th ol o] EAstaL, vk AA7E = e Eold, 2le] FpEhal oS A 5 s ynh 19 T
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[pValue = PyObject_CallObject (pFunc, pArgs);
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static int numargs=0;

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

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

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

bi

static PyObject*
PyInit_emb (void)
{
return PyModule_Create (&EmbModule) ;
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o =5 main () ) T HER Sl At Al L. =3 Py _Initialize() o it &€ Holl vh& F &
e AL
numargs = argc;

PyImport_AppendInittab ("emb", &PyInit_emb);

O

l F &2 numargs ¥M4E £7]3}48131, emb . numargs () T8 WH Sto| A A Z | E 7 AN AT 4=
AEE HsUth o]yt &S 59, JolH AT HdEE SH T2 AHdS 3T = A5t

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

AA & ZE2 YA, o] HHL2 S& T2 APIE vhol Mol =& P

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

sho] W12 Cr+ 2 2ol WASHE A 5 Fuith o] Aol o @A = A= A58
Aol el e A e Crrg Ml 2238 4 :

3.1.6 A ALY A|AHIOA Hulal 213357]

ol M AEZEE & S§& Z2 I a7 93] Aatdei(@ FA) ol Add EHI1E F+= Aol &
et A = 5yt 53], 53] stoj o] ApAloA F3H C 54 FF(.so JJr°‘) oz F3d golHe g
HES EEoFe7] WiE Y

2ot Astdel A S E Fovd, X AAe] R E AP E pythonX. Y-config AT HEE
AT 5 F YT (python3-config /\3_%] ET AL 7}:ﬂ¢ 9&5Uth. o] AT YE = ofg] 24 o]
Rom, o3 2 A2 ool AH 8T AYg Uk

» pythonX.Y-config —-cflagst A3Y T ufe] A4F EH1E AFFUh

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

.

pythonX.Y-config --ldflags --embedt B3 T ujo] AF ZHI1E AUtk

p
$ /opt/bin/python3.1l1-config —--1ldflags —-embed
-L/opt/lib/python3.11/config-3.11-x86_64-1inux-gnu —-L/opt/lib -lpython3.11 -
—lpthread -1dl1 -lutil -1m

L

i oe] ghold A A 719 (53] Ala" sho] Mt of gl o] A3 Hupd gt shold 74e)) TS 5t |,
9] 9] o9} 7o) pythonX. Y-config® At A2 & Alg8t= 7o) 25U

o] ”i}ﬂ@lﬂi%—%%%ﬂ 2ot Fetd (RE 49 74]%1%%3%01 A BE e ﬁ%i E]Xl }"‘4“/}
SHAI L W1 RIS %P%ZEMDH A H 3o A A ~H

(—'LHﬂ = Zx‘—‘liﬂﬂ sysconfig.get_makefile_filename () B A L) ZiﬁJré_ % < 74/\}011 01:
Ut} o], sysconfig BRE2 o] AFste+ 74 S T2 WY YA o2 FE5=d F83
EFYUth A& Eof:

()
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>>> import sysconfig

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

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

oo
<2
i}

>>>

2to3

The default Python prompt of the interactive shell. Often seen for code examples which can be executed interac-
tively in the interpreter.

e 2e AL A 5 Atk
o The default Python prompt of the interactive shell when entering the code for an indented code block, when

within a pair of matching left and right delimiters (parentheses, square brackets, curly braces or triple quotes),
or after specifying a decorator.

e Ellipsis WZ A4,

A tool that tries to convert Python 2.x code to Python 3.x code by handling most of the incompatibilities which
can be detected by parsing the source and traversing the parse tree.

2to3 is available in the standard library as 1 1b2t 03; a standalone entry point is provided as Tools/scripts/
2t o03. See 2to3-reference.

abstract base class (34 W o] A 8| A)

ZA W o)A Z e A= hasattr () 2

o
WA ) 35, AR s o] 28 B9 3

v

e Hagse] EdsAY m RS 25 E (& s, A
W AFTezHN & Bhold & Haghrh ABCx= 7Hd A B
]

Qe U4 A5

Zd2E = HOoWMAMT isinstance () 2 issubclass () o &3] #&
Ad e WYYt abc BE AYAE EA Q. sto] o= B2 YA ABC Eo] thgte+=d)
oo e AEo] Y5tk AR FZ (collections.abc RENA), A} (numbers EEA]),
2ET (1o REIA), YFE 32} 2 (importlib.abc EEA]). abc RES AFR3]A] 4L
UHe] ABCE WHE & SlFYth

annotation (¢] %= €] o] A)
Hsol et o JE 2 AREE My, 22 oEYRE B T i U ks g A2
ol &Ytk
Ao 95-9) o] el o] M8 A A 7ol AA 2T 5 AT W W, Fel 2 44 % B4 o] el o
AL 4 2E, ZH:A, T2 _ _annotations_ §F oJEFRHE AFHUTH
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o] 7152 AW et W4 o] gl o] 4, 34 o] - F o] A, PEP 484, PEP 526 ZZ3H4 2. o] 8o A
2+ o =2 = annotations-howto 2 ZF X314 2.

H
argument (212}
FrETET W T (B A 2 AL

2} (keyword argument) 34 2w AR o)l B2 Q1 3} (o = %o} name=) K= **
= ) =

. A9=Q 4
E Yol 2 9MY 2 AdH = JZ}. A S Sof, b33} 22 complex () TEO|A 3 aJrS -
BE 719 E a9 Yt
complex (real=3, imag=5)
complex (**{'real': 3, 'imag': 5})

o A AR} (positional argument): 71 = AAL7F obd AL 9] 2] AAE2 A2 HF9] A S U
At olEl 2] 5 & gl * & 2 AT = dFUTh ol E 5o, R 22 TEMA 345 &

B 9] %] QA e,

complex (3, 5)
complex (* (3, 5))

Holl g5 = 7 HESoll hafj Al = calls 2=

U Th el grol o] o] o g Y o,
Bl v FETRFAQ A& AR} v /| o] o] 2} PEP 3625 H A&

asynchronous context manager (V)% 7] AH A E #Aa]z})
__aenter_ () &}__aexit_ () MIAEE AT O ZH async with FojA] Hol= 3732 Ao]3d}
= AA. PEP 4928 = Y= A5tk

asynchronous generator (B]% 7| A4 o] €])
v]5 7] Al el ol g olE gl ol & F2lF= 5. async def 2 BoH=F
async for SZ7} AL £ = dHe —%% UEEvield XA S Z
HE A5 7] Al e oIy g8 7Hel 7| A, o] | ol A = vl5 7] Al v &l o]
Itk o et o vl 7t WaehA e A9, AT S5 AN REFL ¢

B E 7] Alv g olg &4+ await EAA I, asyne for £}, asyne with &

r]r
31;

asynchronous generator iterator (¥]-5 7] A 2| o] €] o] €] o] ¥])
a5 7] Al el ol B g7 e 4.
H] 5 7] olEl o] E] QlH] __anext () & Z&3tH olglolEHE AXE & F 1, o] AL T} yield
FHA 714 ¥ 5 7] A e ol e vt & AT
Each yield temporarily suspends processing, remembering the location execution state (including local variables

and pending try-statements). When the asynchronous generator iterator effectively resumes with another awaitable
returned by ___anext__ (), it picks up where it left off. See PEP 492 and PEP 525.

asynchronous iterable (¥] % 7] o]g] 2| &)
async for oA AHEE 5 3= AA. _aiter_ () WA EE H]E7] o|HEolH & E&F oF

Ut PEP 492 & T 9= A5 YT

asynchronous iterator (H]% 7] o] €] & o] €])

_aiter () & __anext_ () WINEE FHs= AA. _anext () € oldlolHE AAE &
23 ok gt} async for+ StopAsynclteration o7} &S w 71| v]5 7] o] g & o] €] 2]
__anext__ () IAE7} B8R E oglol8l 8-S FUth PEP 4922 == 5y th

attribute (o] E 2| H =
&3] ARHA S AR = ol g o2 FxE = AAe st gk A& 0], AA o7t A ERFEaE
7FA A, 0.a X H FERF YT
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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 AN AL T = = AA. IFH oy __await_ () MINEE 7H] A7 E 4= 5 th
PEP 4928 H A 2.

BDFL

AHe] 22 £ 41 = 2] A} (Benevolent Dictator For Life), < Guido van Rossum, 3} 0] % 2] & A] A}

binary file (8} o]\ 2] 5} ¢)

Mol =R S € 93 % 4 i 52 2. vol il el 1o} ol 2 vhol el RE (b, tub
= 'rb+') 2 99 99, sys.stdin.buffer, sys.stdout.buffer, io.BytesIO &} gzip.
GzipFile & Q2 Q

ff
-
30
rlr
i)

O
Jé

X‘"OHEHOH/\-]L‘ HAE _1]—0 %}56‘]‘}\“‘8_.

K

str AAE ¢

borrowed reference (* & %)

In Python’ s C API, a borrowed reference is a reference to an object, where the code using the object does not
own the reference. It becomes a dangling pointer if the object is destroyed. For example, a garbage collection can
remove the last strong reference to the object and so destroy it.

Calling Py_INCREF () on the borrowed reference is recommended to convert it to a strong reference in-place,
except when the object cannot be destroyed before the last usage of the borrowed reference. The Py_NewRef ()
function can be used to create a new strong reference.

bytes-like object (v} o] E &7 7 H)

bufferobjects & A 157 C-21 5 151 2% E & 4 %Ik 18] FF nenoryvien AA & &
E 20|31 bytes, bytearray, array.array AAES £ Yt} vlo|EE R A EL vlo] g
T—ﬂ 1‘3 £ OF = oy 714 dabsol AHEE = ST o F, vhol v ] st ' A, ’\7‘]% AL
Z2 Asol syt

| AsESvtelveE tleolH 7 7R D B o7 s Uth o] ¥ Aol AAE FF <Y al-227] vt
O EGH AA” e EATTLE 71 v F AA Y 2= bytearray Slbytearray & memoryview
A 95U THE QAHE2 uho el Hlol 87 B A (“9)7] A8 vel =R AR o AFHES
LU ol A5 A 2= bytes @ bytes A2 memoryview 7F A5 U TH

bytecode (H}o] E F &)

sho] 4l 2222 E L wlo] = =R 795 |, CPython SIE| =] Elo] A sho] A =2 a5e] § £
A Uth vlo|E FEE . pyc 5o A Hol, 2L 5t F A AR ) o WA A BT
(ae A uholE IE 29| A3 AE D 4 GGED. o “$2 Aol £ Aol= T=o) Y8 ohe
1A A 1 71 A4 AFBOT BT vhol = D= S 2 ke shol al b 71 A of A
258 Ao r 7|tfal A=, 5ol A W)= 7hol b A o] A % ghris A o] o8 of FuTh.

Hlo|E & o]l 59 H52 dis 5 A vyt

m

callable (Z&] &)

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

[callable(argumentl, argument?2, argumentN)

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

callback (&)

AR AE = ujefo] o] A|H oA AP A H FE F,

class (Z~)

g A Ao AR E
WA= Ao 5 2T T
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class variable (Z & A~ HS)
2o FoH 1 FH A FF (F, FH2Y dAxd x| 7)ot} o qut A F = W

complex number (&2 4)

%8 A% A2 A, BE A7 A5 40 o BAF UL 55 A5
¢ (-1 AFDE F AU, FF A= 12, Tt 2 718U stolH 2
A B WL 2L a4 R AAGUT SASTE 5 ATAE BIA B2 G, o8 S,
3413, math BES B4 wdo] W W, cnach® AEFYTh Baso 8L W £F B
2314 7% AUk Baskthn L7 Fach, A9 a8 TAHE F5UT

context manager (¥l A E 32| 2}
An object which controls the environment seen in a with statement by defining _ enter_ () and

__exit__ () methods. See PEP 343.

context variable (A&l A E H4)
A variable which can have different values depending on its context. This is similar to Thread-Local Storage in
which each execution thread may have a different value for a variable. However, with context variables, there may
be several contexts in one execution thread and the main usage for context variables is to keep track of variables
in concurrent asynchronous tasks. See contextvars.

contiguous (%)
W 3= A &3] C-A %5 (C-contiguous) ©] A} ZE 2+ A< (Fortran contiguous) @ W] A< o] gkal of AU th
QAL WAL C-A%o| WA ZED AL T AR Lo A, FEES A2 A5, 0014
Al #ehe &5 ANl
Fo0) SAT BEES PR opA T Qu 20} 4 B W o AR, EE B A v o]
A, A A A 271 7 ] gy o

f ¥~
o iy .

coroutine (¥ 5€l)
IFEH2AEFEHY ¢ dutsld FefdUth ABFEHL st A A APt th2 A A &=
Ut ZFEL2 8 o2 A FA A AYsta, &3, AT = A5 ULk o] AE2 async def
: 2T} PEP 4922 H A 2.

coroutine function (Z €l 3t4)
F2E A E EHFTE 5. ZFH T4 asyne def Fo2 AFod 4= 911, await & async
for®tasync with 7| EE 28T = 5 Uth o] 52 PEP 492 o &l = Y5 5 th

CPython

stol A =2 e Ao Al F& ], python.orgol| A ¥l =5 Yt} o] &S Jython ©] U} Iron-
Python 7} 22 th& 2153 73T Z 27} 912 uff 8] “CPython” ©] A& Yt}

decorator (t] Z ) o] €])
e d42 283 49, BE urapper £ St wgoz AP Ut o3 o]
B9 &3 o= classmethod () F staticmethod () YT}

Hmeole BHe v A9 2 Y BUUT B T F5 3= AU goE S5Hh

i)
o
>,
ofo

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

@staticmethod
def f (arqg):

L

22 Mol 2 2ol E EA A RE € A5 AUt H I o B ofl T @ T AA T W 82 T A2

B EEE L RERL oS

descriptor (t] 23 Y E])
HAE _ get_ () o]t} __set_ () ©]L}__delete_

() 2 A= AA|. ZehA oJEFYRET}
Uagded o], olEYHE 23 = 583 A F82 do

5{:}1414-. E%y ab% %Jlﬂl/]"ik-ﬂl/]—)}‘ﬂl—
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AsHet g ), ag) Sel2 MM b ki o] & Bol A AA S LTk AR b} T2
= b

HHY, Gt 2T gy WA= SEHUTH AT HEE o]sf| ok 22 oo g 22
ol o] A4, &, MM E, Z2HE, FH 2 vAE, AEHE WAL, 3 FHs Fx T S
7158 7125 o] R A7 W F P YT
Y23 g e o v A=E o tf gt &AM g Y82 descriptors Y T) 2~ T HE] AR S A of] Y3t}
dictionary (9 41 2])
olo] 9] 7] & zhol EH% Al 7]= A vl E (associative array). 7]= __hash__ () &} __eq_ () HIAEE
Zt= BE AAI7EE 5 s Uth oA sjAl gt 5t
dictionary comprehensmn (1—,1 A A=)

ol #HE JdE= A AAN UV IEE XYty AdHE LG
= {n: n ** 2 for n in range(10)} Fn ** 2
H t}. comprehensions 2 X 314 A

dictionary view (5] A4 2] )
dict.keys () dict.values (),dict.
Uth o] AE2 9M Y e FEEol o
gttt YUt gAY E /R E

dict-views & H/\ﬂ

() MAEEHZE AANES 9V Helr 7
5} ol HE Alwsted, 9V 7 A AFE wll, 571 o] WSS
AAT B AER U H W 1ist (dictview) & AF23td P th

docstring (5 AE )
A string literal which appears as the first expression in a class, function or module. While ignored when the suite
is executed, it is recognized by the compiler and put into the __doc___ attribute of the enclosing class, function
or module. Since it is available via introspection, it is the canonical place for documentation of the object.

duck-typing (€] €}o] )
ZHkE AEH o] 25 Tt A Adeted AA S FE BA ghve z2adw 2eY; thAl, &9
HA=L o Eel R Eﬂiéﬂﬂur H’L%MDH“OQZWEOI A4 29
th) 5743 3 Aol AE o] ~E FxFog N, F AA"H FEE 3h-S
FrAdE 7H*d€}¢ AsUTh d Bo] 82 type () o]t isinstance () & AMES FAAME F U
(BFAITH & Elolg o] Faf o]~ Fef~ & Bebg 5 glF ol Fo 3l oF Fut}) thAlel], hasattr ()
AV EAFP 22 I8 WS o}

EAFP
st o= 84 & F£317] 7} g o} (Easier to ask for forgiveness than permission). ©] &3] £ 4= 9l+&= u}o] A

ﬂ
o
ol
o H
N
[o
qh
W
o
o
Fru
X

:“.:

o:
oy

79 22, SHlE 7Y o ERHES 2AE /1AL, 2 7HA o] W A9 & FAFUth o
Zoetn mhE AL W tryftexcept B EAE SFA AU ol HlAY L CY 2L T2
w2 Aol A A5 AFS-E| = LBYL 2~ et 3} o v g U o}
expression (3 2])

o grog T3 ¢ = B 27 g2 27 235, 234 L ZHEY, o] &, olEYHE
HAM 2, A4kt f&#—%ﬁr 2L = 8T E R 845 Fo 29 A4tk o B2 dojet
fzxHog, BE A FAHAES EFAQA 22 ofdUth while A H, A2 02 AT = gl
23 50l A5 o Q) =& EFol a1, £& A o] obd U Th

f-string (f-& 2} ¥)
PR B ] B9l 2D HYES £8) EAD  olgta e, 20 24D H Y o
Z9TA Yt} PEP 498 & H A 2.

file object (2} 7} A)

s}; 219 o) q]aﬂ G| x]f‘g; API(read () Ywrite () Z2WAEE)E =& AA. w93
Aol et 3 ARl AA 2= A stdoju o AR AA U FA A (E E0l, B#E 9=
Eﬂ,a w2 e W5, £, -’Jr 12, 58) ol et AN 25 FAT = A5t 3-d AA= 57 AA

(file-like objects) } 2~E & (streams) 0] Frx EFJYrch



https://peps.python.org/pep-0498/

Extending and Embedding Python, Z2|A 3.11.14

AAZE Al F7Y 5t AR = 0] »1%‘4‘3]'- i (raw) vl 2] 3, v 3 = (buffered) vlo] v 2] 3+, E]
~E 3k, o] 59 QI F o] A& io REAIA FYF Ut 31 AAE vE= R A < W2 open ()
TdrE 2E AYYTh

file-like object (3} 5 A A))
7 AA 9o vl

filesystem encoding and error handler (3} A] A" ¢l 37 93} 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 () function:
see filesystem_encodingand filesystem_errors members of PyConfig.

2ALAIY = HASL.
finder (3} 21t])
YEXEFH RES ST 20 & Foea Alxshe= AA.

Since Python 3.3, there are two types of finder: meta path finders for use with sys .meta_path, and path entry
finders for use with sys.path_hooks.

See PEP 302, PEP 420 and PEP 451 for much more detail.

floor division (3 4~ U}=A)
P 77kE A2 W she 284 WAL A A dabake //nk el s o), £ 1L // 4
75%%84:‘;14@ -11) // 47F-2.758 W ¥ gt -30] Hej
‘rr-/] oﬂokzmv} PEP238 H2AL

function ()

SEAelA oW kg BHFE A BFE. QAL 2 o) 4ke) 94 7 ALD £ gled, e
AdPol] ALRF 5 Q5 YU Th v 7] ¥ 5 9F v A = 9} function A AT H A K.

function annotation (g4~ o] = €] o] )
a4 o) A wkE ] o] o] 4
g olHolde dudog 3 It 2 AGHUTE g 5o, o] F5E F 719 int AAE WolE
d Aoz 7| 1, FAol int W3 FS £ Ao 2 g Yk
def sum_two_numbers(a: int, b: int) -> int:

return a + b

34 of B 0] 4 £ 32 function ol A] 47 g o,

o] 7152 AH3E= W o] | o] A I PEP 4845 FHZ23AM| 8. TSt o] - H o] Ao tf st B Aldll =
annotations-howto = X 34| 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)
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garbage collection (7}8] X] 4~ #)

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

F Ut

generator (AU ] o] €])
Add ol e olE#HolE & B FE . e = =
A& 2gstheE Fol Y th Ol UE2 for-F 22 ALE31 7 U next () T2 3 W a7
+ dHUth
BE AV ol g4E 7he 7] A
o w) 7} W &atA] k2 A=

HelolH o8l olH £ 7hl A Yth o =5k

R L ]
AR §oE NN BEFS YTk

generator iterator (AU ] o] €] o] €] o] ¥])
A d el e 471 gteE= A A

Each yield temporarily suspends processing, remembering the location execution state (including local variables
and pending try-statements). When the generator iterator resumes, it picks up where it left off (in contrast to
functions which start fresh on every invocation).

generator expression (AU 2 o] & E34])
An expression that returns an iterator. It looks like a normal expression followed by a for clause defining a loop
variable, range, and an optional i f clause. The combined expression generates values for an enclosing function:

>>> sum(i*i for i in range (10)) # sum of squares 0, 1, 4, ... 81
285

generic function (A ] g &4)
2 ANS NZ g2 FEd dis] £ o
Haaj %] darg]Eol JOH 24"t

== Eati by %—OPS &3} functools.singledispatch () Bl Z d o]} PEP 443% H A Q.

o

ez 2A4E

n

4. 52 oW 7He] AHEEA L

generic type (A ] g
v 7H tﬁTﬁ}ﬂ" 9l YutA o 2 1ist Updict 9} 2L Ag o] Za)~. 8 3l E 9} o] g o] Ao
AU

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

GIL
A e meld % 2 HAS

[«

global interpreter lock (A& QlE] Z 2 E| &)
sk o @ & st Ag =7 o] H vlol E = § A e T W A7) 98l CPython 18] Z 2] E 7}h
ARg Sk M AYZE. (dict & 22 S 23 WA EZHole) AA BRlo] FA| Aoz FA] HA| 20

3
feis
A=
C
QLAN=]

sl SR BHES WS A CPython TR S Tdt BEUTE ABzE AAE F1E AL oA
SelEE Og A B A7 SR UL 0% B2 AN A AL F A Bl pre
4 Fch

52, BROG AL BF, GF oI 4 2 AL H A YL £HT

sA oW S & ok
= GILZ ¥hdst= 1Bh=3
Past efforts to create a “free-threaded” interpreter (one which locks shared data at a much finer granularity) have not
been successful because performance suffered in the common single-processor case. It is believed that overcoming
this performance issue would make the implementation much more complicated and therefore costlier to maintain.

o
LB

= [e]
= ) =~ ]1__
Z HAAE QS YT =3 /0E 3 uj= 34 GILS vy

hash-based pyc (3] 2] 7] 9} pyc)
$EAE BEo) 8] AT 22 A HAF 57 Ako] opdl A B A8
4. pyc-invalidationS #2314 2.

rlr

HRolE FE 7 A]
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hashable (3] A] 7}%5)
AA7F LAY 1 ko] WahA] o= s A 7‘% Zt31 (__hash__ () WIA=E7F 283U h, o2 AA| 2} vl
d2a Yol (eq () WIAEZFERFUTY, A 7 etthar Fy o kol v s = S Al 7 st
BAE] A L Zokok T o,

AN A5 AANE Gl A AT W ALEE 5 QA S, o] AR TR A
o #AZE Ag37 WEA T

g shol el BW WA AAEL A AU Th (FAEY gAY 2e) 4 Aol s e
=y fe) = - }\

a9 stk (F *Olb‘rfrozenset Z2) B Ao EL 259 2450 A 75T uf w3 A
}—U“JE} A2 A Sl AAEA AAEL 7B AH 07 A 7T (A7) AHAE Al )
3alE) EF thEra vaE ,UH/‘V‘S id() 2 £ 5o Yt
IDLE

glo] W& 935 E3 7t W &< 317 (Integrated Development and Learning Environment). idle-2 }-o] %1 ]
xE HfTL_‘lOﬂ wete = 7124 A7 Az e A Y th

< TRFYh oW AR S WMAD 5 A5y
SFA] o= S AT gko] QlofoF F XA F 273

)
| 9= g uEE 7 AY AUAL PLE @E Gw dee) o g8 g
U

importing (¢ Z¥)
& RE shold A=~

importer (Y3 E])
5L AV E T ZE Y% s AA); A shelr o) 2 =1 AR At

interactive (t} 3}3))
Python has an interactive interpreter which means you can enter statements and expressions at the interpreter
prompt, immediately execute them and see their results. Just launch python with no arguments (possibly by
selecting it from your computer’ s main menu). It is a very powerful way to test out new ideas or inspect modules
and packages (remember help (x)).

interpreted (21 €] Z 2] €] &)

f
i)
rlu
il
i
1o
k=)
s
X
=]
[
=2
>
>,
ofo
)
-
30,
bt
f
)
rlr
iy
)

dhol= SE Aot eie] £ o] 1 TR o] BEHA /1 AT, st WS A5t Aol 7} ok 2k
e zele Aotk o AL FA Ao A Y WEA QAT &2 AL AP BT 4
ke Utk T2 age] & o AA A7) AW, Ae el dlojx BE A5t o]

By g2 i/ A £718 s Ut Eﬁiﬁé T HAS.
interpreter shutdown (Q1e] = 2JE] £ 8)

S8lehs 92 We o, shol 4l Qe melElx S8 e Al 7]o] A S, BE ol ole] /4 Fa %
UPFEE 2L R E B ANEE BAD 0w WAL, B, A0 2717 F Ad W 5F
T AH8A o) 5314 weakref E90] Sl TEES] 4B L AN L 5 gk E A7)
Fo A s not T o9 52 v 5 glud), a%e] g E ekt NS o s eA e 4

AN W E AU (E 2 ol hel B e REolu 4 FASdUh.
AdEZ e 582 9 YA APFH = main_ BRECIY2IHEVAFPS T = AU

iterable (o] €]2] &)
An object capable of returning its members one at a time. Examples of iterables include all sequence types (such
as 1ist, str, and tuple) and some non-sequence types like dict, file objects, and objects of any classes you

define withan __iter__ () method or witha ___getitem__ () method that implements sequence semantics.
O EL for FZ AEE = 3, A E2E F8 = 3t th2 W2 X (zip (), map (), ) °l
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N
L

AFUTH olHHE AA 7 WG T4 iter(
. o] olEdEolE = FEY ATS e W
iter () 3 %5}71‘)5 ole] & o] ¥ AA & & o
A3 A AHE ’H-rftﬂ, FIZE S FetolHAEA O HE FolE ol F gl HEE e YTth

]Hﬂl"]ﬂ,/‘l?ﬂi, Xﬂﬂ fole &= HAL.

iterator (o] €] &) o] ¥])
dojge ~2EHS Eﬁﬁ‘}“ AA. olHHolE ] _next_ () HIANEE WEHOR SEH (E+
W 3 next () 2 AEstd) 2E o Q= FEES AU E S FUth o o] 42 ol g7t %i%
= th Al StOPIterat on o9& doUrth o] A H A, o]HH o] B AA & A2XF I, o] Fo B
__next__ () WA E &2 StopIteration o9& thA] 27| 7] %k T} o] E & o] &= o E] Eﬂ
o] ¥ A Z}LE EHFE _iter_ () FINEE 7?*‘ Aol 7= 7] wZel, oled o E &= o|HHE
o] 7|% &tal thE o|HH EE S WotE ol 29 oA AMHEE & s UTh S8 A9+ oY
Hol o] # o] Al et ZEYYTE (List 2-2) HH oY AA= iter () T2 ALsA Y
for F3zof| AL wfjutrt Af o] B & o] H & WU th o] A& o] E o] B o] ths A 3 ste] i 5t
A1t olE o] ol AHEH o] &Z19 o]E Ho]El & = A, ¥l AH o] YA H oA w5yt

typeiter ol T Z}A 3+ W& 0] 9l Th
CPython -3 A} A)): CPython does not consistently apply the requirement that an iterator define __iter_ ().

=

Mo o
o oft T, ofo

g rlo

[«

key function (7] g)
7] 4 == iﬂﬂ o] A (collation) T+ A & (sorting) ©] L} ¥l & (ordering) o] A H = 7S S8 F= =
31%?4‘4‘3}- & 50, locale.strxfrm() 2 ZAY SR PAS 2= FE 71 & ‘?}E% o] AH&

g

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

7] & HeEE e oAy FHol dsUth dE £, str.lower () WA EE Ao & gl
AEE A7 FF2 AHEE = AdFUT tddH o, 7] T4+ lambda EHA 02 e £ & 3
=¢], o] A Yt}: lambda r: (r[0], r[2]). E3} operator attrgetter (), operator.
itemgetter (), operator.methodcaller () 7} Al 74¢] 7] &= ALY YL} 7] §+E s
AHg-3= Ho gl gk o & Sorting HOW TO & E/\ﬂ

keyword argument (7] 9] & 21 z})
o1z 5 HA L.

lambda (E}E})
2 o gro] PR L e mAlA o2 PAT ol E gl Aok B4 AT BB BEE BHL

lambda [parameters]: expression YU Th

LBYL
7] Ao X2} (Look before you leap). ©] T 2EL L T ol 23| & 317 Aol YA F o2 ALA
ZAES A UL o] 2B Y2 FAFP FR I thv) = 2, W2 if w9 S 2 S AP Ytk
OFE 2dl= S A, LBYL 2L 5" 5} <5 7] ol A4 24€ WEA F Aol A5t
o] & 50, FE if key in mapping: return mappinglkey] © AA} Zof, 3}tA T 23] A,
2 2 E7} keyE mapping | A A ASHH AT 5 A5 o|® o4+ Fo] U EAFP H WS
Aoz A AR % e

list (2] X~ E)

W shol A A, T o] Foll = Bk, Yol g AM 7o) o] 7] w2 oll, 912 2] 2 E (linked
list) 2 oh= oh2 Aol 9] v @34 AR Y o

list comprehension (2] 2 E 7 = 2] 3 A)
Afse R4 AR EE ARE 4281 1 ANE AER BoFE 4D P result -
['{:#04x}'.format (x) for x in range(256) if x % == 0] &= 09]A] 255 Afo]of Y=
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A5 1644 (0x) S EF3E FAQe] J2ES BEvth is 2 44T 4 9)

)3

S

loader (2 ¢])
An object that loads a module. It must define a method named 1oad_module (). A loader is typically returned
by a finder. See PEP 302 for details and importlib.abc.Loader for an abstract base class.
locale encoding (27| Y 217 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: "cpl252").
On Android and VxWorks, Python uses "ut £-8" as the locale encoding.
locale.getencoding () can be used to get the locale encoding.

See also the filesystem encoding and error handler.

magic method (7] 2 o 4] =)
E5 A= o uFA Al u$3t

mapping (7} 3)
Ao 7 23 E A Y3 collections.abc.Mapping ©] Y collections.abc.
MutableMapping 4 Hlo]a el o AZE HANEEE T3 AH Y AA. =2+
dict, collections.defaultdict, collections.OrderedDict, collections.Counter &
=294y
= T X8 .

meta path finder (W€} 7 2 3}2lt])
sys.meta_path & Mol FF& s, W A2 s 42 dE 3l H & #-AT
A7 A Tt Y T
HE A2 37 L3 sE WA =S A= importlib.abce.MetaPathFinder & B 3§
e},

metaclass (W€} S| 2)
ZH2Y FHia FHA FYE FH2 ol FH2 gAY, Hlola FHAEY F
[e]

A
o
=)
i
v
v

vl e Sl aE o] Al Q1AL WolA FH s vEE AYL FUth tlRE AA A FP =z g
AolE2 712 FES AT FUth gl A S 585 e A2 AL HE FHAE U 5 Utke
AdUch thFE ARG AP A= o] =77 ds 28 AT, o742 of, vleF Sl st
©o13t S S Az Urh o] ErHE AN 29 27 (logging), AH = HAA Q] 27} A AA A,
BEE AR E2 OE AGl AHERSF U
metaclasses o A] T ZFA 8 U] 22 28 4= 95U}

method (W] A &)
ZY 2 vty QoA Ao =T I ZHPAY AAEHA EFHEZA TESHY, I HAEE A
WA A (RE self i BATH 2 Aads AR E BEYTh §5 G FHE A3Z 8 BAL

method resolution order (W] A& 24 4+ 4])
Method Resolution Order is the order in which base classes are searched for a member during lookup. See The

Python 2.3 Method Resolution Order for details of the algorithm used by the Python interpreter since the 2.3
release.

module (&)
435 092 g AR, RES Q99 shold A EL T

B SEEE
BEL A2y Ao 9 sejH oz =P
[]

pul

rlr
o

2y
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module spec (2& A3
BES 230 AHS
ModuleSpec o] Q1A~H

MRO

ZF. importlib.machinery.

[» jﬂ
rlr
ao,
kel
[t
ry
Y
o,
b
il
tjo
ol
kJ
30,
rlr
-
alll
ol

HAE 24 =4 & HA L.

mutable (7}H)
7hi AA = ghol M = Ak id () = 23
named tuple (V| J & £Z)
“named tuple (U] ¢ °] = R olghe §ov FEAA FEsta ol B2 ol EE R
T Qe QA AL T Q= BE Yoy Fedad HLg U £
& 5 itk
time.localtime () & os.stat () 7} RE&3E k2 = 3eto], of ] WA F o] A= FEHPUTH E
2 o= sys.float_info YUYt}

AHg3ho] Qe s

e te 7=

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

1024

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

1024

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

True

AR YIE FE2ZWZAIZ Y ) JUth =&, tupled A AHsta o]5 B2 2= Yo+
I 272 92 Y FES BE 5 A5k ol @ FALE A8 FAFAL, typing,
NamedTupleE A$3A Y HAEZ T4 collections. namedtuple ()2 9EF Id5Yt =219
712 A AGdAG HZ U IE FEAAE 2 5 e B 7HA F7HHA =& F7HeH 7 = o

namespace (¢]5 27

W7t AGE = Za. o)lf 302 9 Yl FAg Uk AAo 34 o5 53 (A= oflA)
weholfe} Ao, Ao, U o B F2bo] AT OB BAL o] F B AN ZEAL AN
1/]1;]’ A& 591, Q’zy\—bUthlns.openI’J—os open() L 359 o]& F 7o) o FEE YTk x5
2 3
o

D]—. o] & £}, random.seed () = 1tertools 1sllc

itertools & & L+ L2 0o] HE s AT}

namespace package (©] 5 57} 31 7] 7))
A PEP 420 package which serves only as a container for subpackages. Namespace packages may have no physical
representation, and specifically are not like a regular package because they haveno __init__ .py file.

RE T HASL.
nested scope( He 232)
Eﬁ"‘} Z*-J ANA MFE TR 9. dE
‘__,_—E x]—zﬂ/\ o) %141:]— %,:g
2o —r-/]*ﬂ"]”é}q‘?} A9 HrE
A o] F Tl A ¢l F YTt nonloca

new-style class (- A€l S A)

Ir

L THE 4 R o)A B8 Bt uhE gl gt
2325 ®, e 54 Ferhe
o 4 931 ZUth TN R, A MEEL

v AF 2o 2= 218 5 3 Th

rl

AF2 BE ZFea Aol AMEEH I = ;A WAL oA o] 5. 2719 Fho]H HAA &, &3 7
28 229 slots éﬂ%lﬂ,gﬂ-ﬁ] E], _getattribute_ (), 22 HAE, 26 E
WSS} e stol A0 AF W ke /S 58 ST F 99l e

object (Z4A)
AR (=L REY ) 2 2T 54 (IAS) o] B E BE HolH. B8 BE FaEd Fea
A2 A ol Zef U,
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package (2} 7] 2])
AE 2 EE o, A7)
__path_ oJEZ|HE
At 71 A 2 ol 5 S A7 A = HAL.

parameter (7] 7] ¥ 32)
P4 (B W AE) B A T4l 9 4 9k A (Ek oW A9 AAE) & AGehe o B B
AE B, A EF o] w4t Q% ok

o Y A-7I ¥ E (positional-or-keyword): 9] %] 2]
ol Aol 71 & Fejo] T YU A& =

Aoz NBNAASL E2FT 5 Ut oA BE. Ao, A
Fole

t}-ol A foo 9} bar

[def func (foo, bar=None): ... ]

« AA-A§ (positional-only): | A2 AlFd 5 e AAE AZFUE AA A§ viAdT=
B4 oo WAL B / £A2 ERFL 1 Aol T 5 AIh o Sof Tl A
posonlyl T} posonly2:

{def func (posonlyl, posonly2, /, positional_or_keyword): ... ]

o 719 =-AE (keyword-only): 71N EZ W A 52 = Q&= AAE AFZ YL 7| HE=E-AL w7 H
= g 4o miNEs EF A & st M- X wi e U & O E 286 A o
T A5 Uth o E =9, kol Al kw_onlyl &} kw_only2:

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

o 7VH-$ X (var-positional): (TF2 v} 7] S0l &3 A] o] n] RtolEo] A £ X] QA X9 § &) A==
9t AR 2SS 9o NVLE ARG ol D R wA RS ol F ol <+ & ool

2014 AE  dsuth A€ =0 thaollA args:

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

« 7PAIAE (var-keyword): (THE Bl 7} H 5 S0 34 o] ] WolS o] 7| Y= A=l T3
AT 4 AE A9 A% AYE AAES NG o A ARG vl A5 o] Fof ++ S
ol oA Ao 5 A5 Uth & 501 A9 el A kwargs.

ARG E AHA AAES 95 /) BB ol el A Ao A1} B4 AAELS A HE 5 Q5T

o1z 8o %] &=, QxLo} u 7 H 2] po]of L2 = FAQ A&, inspect .Parameter 22, function
A, PEP 362% H A 2.

path entry (7 & QlE2])

AR ZINEIRIE ZFAXZE F RESS 27 fo Faaste 2 E A= Y st FAa
path entry finder (3 2 JE 2] 5}21td])
sys.path_hooks ol Sl FHE (F, 42 dEZ F) o] F8]F+ 3plH Qd], o3 F = A EF
ERES FE=THE € AU
AZ dED oA Eo] FHG= WA EEL importlib.abc.PathEntryFinder o] Y34tk

path entry hook (7% 2 Q=g &)
sys.path_hooks Z|AE Qe EEUH, 54 4= dE o4 RS e e €2 dvd
AR dED 3}QH & EHFUTH
path based finder (7 2 7]4} 5} 2l )
718 v e A= IQIH & F s, J 2 E AR A RES ZFUTH
path-like object (7 2F 21 A))
Hd A2" A2E e+ AA. AE2F AA= ZE2E JEW+ str Y bytes AA o] Ak
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os.PathLike Z2EZE ZA3E= AA YUl os.PathLike ZE2EFS A A3tE= A A= os
fspath() ¥4 E STE3A str U bytes Y Alad 22 H3d 5+ 55U 4l os
fsdecode () 2 os.fsencode () & 27 str Y bytes 23S B As=d AFR-E 4 J5 YTt PEP

519= E%‘ﬂ As Tk
PEP

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

A F3oF gy u}.

ot FA o] B3 ARYE 48
é°§/ﬂi?}%7lé’jf& 12 v AU Z AU T PEP 4 A= AR

portion ()
PEP 420 o ] 9 & A&, o] & §7k 57 Ao ol ubA] 3k bl el el o] Sof gt HAEY
A (ip el A5 £ A= 75 Fh.

positional argument ($] 2] <1 x})
A7 E HA L.

provisional API (23 API)

ﬁd
ofr

A7 APLE £ vho|ueele] 3 B84 HPORRH A AD AYUh Aels|o] 2y 2
W37} of 415 A= SEA T, R A o] 2h EAIH = 2, 2o] A EAE o] B8 ehrya AZRehE B
S80] §AE A e W Fo] ol - g UTh 18 WAL BB 8 P02 YofAL %
AU — APIE Z@57] Ao] 4 Frjsha 2R A0l Ago] AR 9ol v ol AUtk
A7 API A=A =, A A o] §A5 A o WAL “HFY Su7 oz o AMUTh- BE 439
2AE B3l B BHE S %Zlﬁ} AMe Foddt RE AR Ay

o) ARl EE o) BT LW AT FF FRH A LFol E AT A BT BAT 5 JEE

SR I R R

provisional package (3 3| 7] ])
A APIE A L.

Python 3000 (5}o] % 3000)
ghol A 3.x v 24le] "B (W 39 w27} ¥ o] o]opr|d Al H e w0 %] o] Fo|t}) o] A
“Py3k” B Z0] 27| % T T}

Pythonic (3} o] % t}-&)

= QojSol A AW AGES AN BEE TASE T4, Tho) A Aofoll A A4 AT AL
5% o) 6 952 7h7ko] it ool tlolu} T 27 o Bol, sl Ao A A4F i ol UYL for
2 Mg oo Be] BE 848 Y5 AUTE OHE B dojolt o1 F572] T4 B
glome, sholdol el%atA) e RS L thalel £44 712 E & ALgSH 7= Ptk

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

o 253, sfo| Mtk W 2 ol g g yrth

for piece in food:
print (piece)

L

qualiﬁed name (373} 9 o] 8)
o A aF x| BE Ao S, T, A o2 “HRE Rl Hor 17
Q o] 5. PEP 3155 o Al Ao g Uth H 4 o 29 Aol A+43H4 ol & o] &
ZEyrth
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p
>>> class C:

class D:
def meth (self):
pass

>>> C._ _qualname_

IC’

>>> C.D.___gualname

'C.D'

>>> C.D.meth.___qualname_
'C.D.meth'

EE< 7t 7l AR , A3 AASEE o) E (fully qualified name) & & 2 9| 71 A &S £
WA RERE 7= HOoRE —-‘ﬂ% o] &g ouT Ut} & E90],email .mime. text:

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

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

regular package (3 5f 2 7] #])
__init_ .py 4= 2Fsh= Ay 9 22 A5 A 9 7] AL

ol T I A = HA L.

slots

S WY AAAdH, D2 ERESS AL 02 vg] Addsta d2dx e &

AAT oA R e 2 A RS FUTE 97 A71E HAW, o] Ay gtz A g7

Zhtkze HolehA, v welo] el 38 Z2 o)A Bl 5ol ArHAL JE SEY A9

@@ﬁ}f Zlo] F5 U

sequence (X] @ 2)

An iterable which supports efficient element access using integer indices viathe __getitem__ () special method

anddefinesa___len__ () method that returns the length of the sequence. Some built-in sequence typesare 1ist,

str,tuple,and bytes. Note that dict alsosupports___getitem__ () and__len__ (), butis considered

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

collections.abc.Sequence FA o)A FdAE_ getitem () F__len. ()2 oA &

A Z33 olEH o] A8 Ao st=)|, count (), index (), contains (), reversed ()&
9l

F7FUth o] B AEH o) AE TS F S register () & AMENA HAIH R ST 5
FUth Al A2 WA= dubo] th g 2pA & F A4 =, 38 AlES ‘?ﬂ/ﬂ'gx_ AL

set comprehension (3 g 7 = 2] 3 A)
olHHE Y= 84 AA Y dHE At AFHE G2 J TS v&st= 712 S . results =
{c for c in 'abracadabra' if c not in 'abc'}E= EXEY AT {'r', 'd'} S YA
U t}. comprehensions & #2340 Al 2

single dispatch (4 2 t] A s x])
T&o] e AR Fof| 7|24 A= = Al € T tasf X9 g FH.

slice (&2}o]2)
HEAAdx 9 dRE EETEV}‘“ “iﬂ Sfol~
variable name[l 3:5] A9Y otof| A of & 7]
HE)Z7/|HL YRrdoe= sllce 7“24] ARE-3HY
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special method (54 WA &)

gho] o] ol o | AkE, Sl 22, APT ] FAHOE TEH = HAE. o] HAEE F 7Y
Wz 2 A Zel Zbs o] 28 2h1 Q)4 U th E4 WA &= specialnames of] A 2 TS o] A 95U )

statement (%))
AL ARE (RE “BE (lock)”) & TASHE REAYTE £HE 224 o] A} AN =8 A8}
= oY A F2RE F9 shud Yt 718 if, while, for.

static type checker (3 2 & 7 x}7])

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

strong reference (7}l 2+ %)
In Python’ s C API, a strong reference is a reference to an object which is owned by the code holding the refer-

ence. The strong reference is taken by calling Py_ INCREF () when the reference is created and released with
Py_DECREF () when the reference is deleted.

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

18 Hx = AL

text encoding (Bl ~E 217 9))
A string in Python is a sequence of Unicode code points (in range U+0000-U+10FFFF). To store or transfer a
string, it needs to be serialized as a sequence of bytes.

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 (Bl A E 3} <))

scr AAE B3 & 5 e h 4. $F, AaE e dARE el= A ool rERg
HH 28t B AE Q1T Y S A5 AU g2 JJF%IA |2 HAE BE ('r = Tyw') B
dd 3+¢Y, sys.stdin, sys.stdout,1i0.StringI0 & AXHXAE & JFUTh
Hlel 2GR A4 & 232 4 9 3 AR Hlal A ue] e 79 E FasAle
triple-quoted string (’\F% e 3 H Ex1Y)
mhedE () A2 mEE C) A R S e EAE. g wha i shte s A wAd ] gle
715& AFHA = FA T, o 2] 71A] ool A ER7L A5 T o] o]z ¥ 4] ¢k A2uEat
EUJr%E% A ol ZFF # YEF o, A FAE 24 Gk o Fo] 23 5 Q=
SrEge 2w 53 &8 den

type ()
The type of a Python object determines what kind of object it is; every object has a type. An object’ s type is
accessible asits ___class___ attribute or can be retrieved with type (ob7j).

type alias (3 o] & 8] o]A)

g2 Aol g shel BrE o] A& el Fof.
Yo Qelol 2t Y A =S desse o 8% 8 S0

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

£ rhed 2ol H 971 47 BE 4 Jarh
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Color = tuple[int, int, int]

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

pass
°] 7]s= AW e typing ¥} PEP 4845 F2 31 8.
type hint (3 3 E)
M, 2 o B HE 9 3 v U ke 3re) ZidiE = S A sk of lmH o) AL
@ A A8 Aetolar shoj o A ZAN S A= A, A @ Aol f-8 3o EIIDES] 2=
44 YA ELE FHU
A AeE Asty, A W4, Fha JEGHE 2 49 ¥ IEL& typing.
get_type_hints() & Ag o] AA 2T 5 gy
o] 7l.s= 4™ 3tE typing I PEP 4845 2 5HA 2.

universal newlines (UM A & 9 7))
the _4_71.0 AES RE 2o Zog A HAE /\angﬁzﬂ-@} HEx: 492 7138 &4}
e LAESZE A '\r\n', oA ) 715/\] & . F7HA QL A J&OHH + bytes.

splitlines () ¥ul o} 2} PEP 278 2} PEP 3116 = Exﬂﬁ.

variable annotation (¥ <= o] 1= ¥]| o] A)
W EE FYa oERHEL o nE o] A

T A
class C
field annotation
M oleloj e Ao § d=r ASH YTk o Sol, of Wt int @& /M AoR A
20tk
[count: int = 0 ]

WM o] = H| o] A FH-2 A A annassign ol A A g o}
o] 71%-& A sk 94 o] :mH| o] 4, PEP 484 % PEP 526 22 3H4 2. B3t o] ;| o] A h¢f o] v &

¥ A}#) = annotations-howto & Z 2 814 8.

virtual environment (7}4} 317)
Sjol 8 485} §8 L2 19ol, e A AWl AR £ ThE Thold §§ LR IYE o]
TS FA oA, stolH vl 7| A E& A A AL G ol = qeg

Kp el pri iy
venv & HA L.

virtual machine (7}4} 7] A))

czEolvto® HojH HFH. o] Mg 7 A= vlolE ZE HAupd 7t Yot vl E A
=g AR

Zen of Python (2}o] 4 Al)
gho]d Tzl Aot A5 HEA|, Ao & ola et AFE ot tl =g o]l HUTh o] 552 T3y

=2d
ZEZE A “import this” & YH3tH Pt}
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https://peps.python.org/pep-3116/
https://peps.python.org/pep-0484/
https://peps.python.org/pep-0526/

APPENDIX B

About these documents

These documents are generated from reStructuredText sources by Sphinx, a document processor specifically written for
the Python documentation.

AT A et o] 2 f 8 EA A TS sthol ApA of v A 7 A A o' AG B AR =y th 7] o5k
Althd, Zhof W o] of 8t A K 3= reporting-bugs 3] 0] A & Z A AH A 2. A2 AL E 7\}1]'% A 29t
YtH

O3 2504 B2 ZAE =g Ytk
o Fred L. Drake, Jr., the creator of the original Python documentation toolset and writer of much of the content;
« reStructuredText 2} Docutils 22¢] EE HFE = Docutils Z2 A E,

o Fredrik Lundh, 1.2] tj] ¢t 5} o] #1 2% (Alternative Python Reference) = 2 A E o] A Sphinx 7} &2 o} o] ]
2 a9zt
= Tt M B8

B.1 Contributors to the Python Documentation

olH FF gtolBd g ¢ TholA A A 7| F U 72t BEEF
MSL/ACKS E ZAxIAANL
z

14 2 xy
oj4o] ol@ WA AFAE 2A B AL ol W ARUE S 47} 7o) i # U T ZATI TR
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appeNDIX G

AALRL 2fO] 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:
/Iwww.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 (now Zope Corporation; see
https://www.zope.org/). 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 is 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 oAM= 2 AS K} GPL compatible?
09.0~1.2 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 no
2.1 2.0+1.6.1 2001 PSF no
2.0.1 2.0+1.6.1 2001 PSF yes
2.1.1 2.142.0.1 2001 PSF yes
2.1.2 2.1.1 2002 PSF yes
2.13 2.1.2 2002 PSF yes
2.2 o] 2.1.1 2001-dA] PSF yes
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ZF31: 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-compatible licenses
make it possible to combine Python with other software that is released under the GPL; the others don’ t.

Guido 9] A& 3}o] o] vl ZE 753 WHE W2 2] 5 AL BARFE AN A ZA= U T

C.2 TO|4Mofl HMASIAHLE ALRS}7| R 0|8 2kt

Python software and documentation are licensed under the PSF' License Agreement.

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

shole] £ Y Az e ofo] & ke ol At A STk ol AL Y 2ol Ao Hgshe
S eL5) S ). ) 21 ool 5] 5 6h 9 585 A4l ool 68 hol 4 ) ol

e ORE

C.2.1 PSF LICENSE AGREEMENT FOR PYTHON 3.11.14

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

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

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

2. Subject to the terms and conditions of this License Agreement, PSF hereby
grants Licensee a nonexclusive, royalty-free, world-wide license to.
—reproduce,
analyze, test, perform and/or display publicly, prepare derivative works,
distribute, and otherwise use Python 3.11.14 alone or in any derivative
version, provided, however, that PSF's License Agreement and PSF's notice.
—of
copyright, i.e., "Copyright © 2001-2023 Python Software Foundation; All_
—Rights
Reserved" are retained in Python 3.11.14 alone or in any derivative version
prepared by Licensee.

3. In the event Licensee prepares a derivative work that is based on or
incorporates Python 3.11.14 or any part thereof, and wants to make the
derivative work available to others as provided herein, then Licensee.

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

—Python
3.11.14.

4. PSF is making Python 3.11.14 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

90 Appendix C. A2} 2fO|MIA
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USE OF PYTHON 3.11.14 WILL NOT INFRINGE ANY THIRD PARTY RIGHTS.

5. PSF SHALL NOT BE LIABLE TO LICENSEE OR ANY OTHER USERS OF PYTHON 3.11.14

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

MODIFYING, DISTRIBUTING, OR OTHERWISE USING PYTHON 3.11.14, OR ANY.
—DERIVATIVE

THEREOF, EVEN IF ADVISED OF THE POSSIBILITY THEREOF.

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

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

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

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

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

third party.

8. By copying, installing or otherwise using Python 3.11.14, Licensee agrees
to be bound by the terms and conditions of this License Agreement.

C.2.2 BEOPEN.COM LICENSE AGREEMENT FOR PYTHON 2.0

BEOPEN PYTHON OPEN SOURCE LICENSE AGREEMENT VERSION 1

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

2. Subject to the terms and conditions of this BeOpen Python License Agreement,
BeOpen hereby grants Licensee a non-exclusive, royalty-free, world-wide license
to reproduce, analyze, test, perform and/or display publicly, prepare derivative
works, distribute, and otherwise use the Software alone or in any derivative
version, provided, however, that the BeOpen Python License is retained in the
Software, alone or in any derivative version prepared by Licensee.

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

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

5. This License Agreement will automatically terminate upon a material breach of
(T2 sl o] A of] AlZ)
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its terms and conditions.

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

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

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

C.2.3 CNRI LICENSE AGREEMENT FOR PYTHON 1.6.1

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

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

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

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

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

This License Agreement will automatically terminate upon a material breach of
(ThZ sl o] A of] Al<)
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its terms and conditions.

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

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

C.2.4 CWI LICENSE AGREEMENT FOR PYTHON 0.9.0 THROUGH 1.2

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

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

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

C.2.5 ZERO-CLAUSE BSD LICENSE FOR CODE IN THE PYTHON 3.11.14 DOCUMEN-
TATION

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

THE SOFTWARE IS PROVIDED "AS IS" AND THE AUTHOR DISCLAIMS ALL WARRANTIES WITH
REGARD TO THIS SOFTWARE INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY
AND FITNESS. IN NO EVENT SHALL THE AUTHOR BE LIABLE FOR ANY SPECIAL, DIRECT,
INDIRECT, OR CONSEQUENTIAL DAMAGES OR ANY DAMAGES WHATSOEVER RESULTING FROM

(TH& sl o1 Aol A1)
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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 Z3t=l AT E|0{0] CH3t 2l0|MIA LU &0

A2 sho] 2 vl 2ol I AALA Az E S ool Th g B LA A T ol Lk gl 2ol M) ol

C.3.1 H2M EQ[AH

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
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.

(TH& sl el Aol A1)
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(o1& # o] A ol A A<)
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
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|ES7| &% MH|A

The asynchat and 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,
(Th= sl o] Aol A%
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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| &z|

http.cookies REL 0} 7} 22 79 482 ¥ B o)

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

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

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

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

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

o3} 2L 2o ARE 2RYYT

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

(TH& sl o1 Aol A1)
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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 module 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.

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 & Z2 A S5

xmlrpc.client BEL T T} 22 79 A9HS ERFUTh

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
(ThZ sl o] A of] Al<)
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its associated documentation for any purpose and without fee is

hereby granted, provided that the above copyright notice appears in

all copies, and that both that copyright notice and this permission

notice appear in supporting documentation, and that the name of

Secret Labs AB or the author not be used in advertising or publicity
pertaining to distribution of the software without specific, written

prior permission.

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

7 o] A ol A A <)

C.3.8 test_epoll

The test.test_epoll module contains the following notice:

Copyright (c) 2001-2006 Twisted Matrix Laboratories.

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

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

THE SOFTWARE IS PROVIDED "AS IS", WITHOUT WARRANTY OF ANY KIND,
EXPRESS OR IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE AND

NONINFRINGEMENT. IN NO EVENT SHALL THE AUTHORS OR COPYRIGHT HOLDERS BE
LIABLE FOR ANY CLAIM, DAMAGES OR OTHER LIABILITY, WHETHER IN AN ACTION
OF CONTRACT, TORT OR OTHERWISE, ARISING FROM, OUT OF OR IN CONNECTION
WITH THE SOFTWARE OR THE USE OR OTHER DEALINGS IN THE SOFTWARE.

C.3.9 Select kqueue

select BE S kqueue B o] 20 th3) T3} 22 o) AL EFFUh

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

(TH& sl o1 Aol A1)
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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

AU o 7)ol th= 22 W&ol 2= o] JFUth

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

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

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

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

Solution inspired by code from:
Samuel Neves (supercop/crypto_auth/siphash24/1little)
djb (supercop/crypto_auth/siphash24/little2)
Jean-Philippe Aumasson (https://131002.net/siphash/siphash24.c)
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C.3.11 strtod 2} dtoa

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

*

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

C.3.12 OpenSSL

The modules hashlib, posix, ssl, crypt use the OpenSSL library for added performance if made available by
the operating system. Additionally, the Windows and macOS installers for Python may include a copy of the OpenSSL
libraries, so we include a copy of the OpenSSL license here. For the OpenSSL 3.0 release, and later releases derived
from that, the Apache License v2 applies:

Apache License
Version 2.0, January 2004
https://www.apache.org/licenses/

TERMS AND CONDITIONS FOR USE, REPRODUCTION, AND DISTRIBUTION
1. Definitions.

"License" shall mean the terms and conditions for use, reproduction,
and distribution as defined by Sections 1 through 9 of this document.

"Licensor" shall mean the copyright owner or entity authorized by
the copyright owner that is granting the License.

"Legal Entity" shall mean the union of the acting entity and all
other entities that control, are controlled by, or are under common
control with that entity. For the purposes of this definition,
"control" means (i) the power, direct or indirect, to cause the
direction or management of such entity, whether by contract or
otherwise, or (ii) ownership of fifty percent (50%) or more of the
outstanding shares, or (iii) beneficial ownership of such entity.

(ThE sl el Aol A<)
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"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,
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
(TH& sl o1 Aol A1)
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Contribution(s) alone or by combination of their Contribution (s)
with the Work to which such Contribution(s) was submitted. If You
institute patent litigation against any entity (including a
cross—claim or counterclaim in a lawsuit) alleging that the Work
or a Contribution incorporated within the Work constitutes direct
or contributory patent infringement, then any patent licenses
granted to You under this License for that Work shall terminate
as of the date such litigation is filed.

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

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

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

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

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

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

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

with Licensor regarding such Contributions.
(TH& sl o1 Aol A1)
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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
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

(TH& sl oA ol A1)
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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 extension is built using an included copy of the libffi sources unless the build is configured
——with-system-1libffi:

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

z1ib B2 A" ol A 2 zlib W W o] L7 2.2 of A A =of] AFSE 4= glow, 23 zlib S AR S

ARg St dEg Ytk

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

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

Permission is granted to anyone to use this software for any purpose,
including commercial applications, and to alter it and redistribute it

(TH& sl oA ol A1)
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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

7 o] A ol A A <)

C.3.16 cfuhash

tracemalloc o 93] AF&% &= A H o] 22 73 L cfuhash Z2 A EE 7|wto 2 o

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 module is built using an included copy of the libmpdec library unless the build is configured
——with-system—-libmpdec:

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 C14NEHIAE ARIE

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,

(TH& sl oA ol A1)
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SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT
LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE,
DATA, OR PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY
THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT
(INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE
OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.

C.3.19 Audioop

The audioop module uses the code base in g771.c file of the SoX project. https://sourceforge.net/projects/sox/files/sox/
12.17.7/s0x-12.17.7 .tar.gz

This source code is a product of Sun Microsystems, Inc. and is provided for unrestricted use. Users may
copy or modify this source code without charge.

SUN SOURCE CODE IS PROVIDED AS IS WITH NO WARRANTIES OF ANY KIND INCLUDING
THE WARRANTIES OF DESIGN, MERCHANTIBILITY AND FITNESS FOR A PARTICULAR PUR-
POSE, OR ARISING FROM A COURSE OF DEALING, USAGE OR TRADE PRACTICE.

Sun source code is provided with no support and without any obligation on the part of Sun Microsystems,
Inc. to assist in its use, correction, modification or enhancement.

SUN MICROSYSTEMS, INC. SHALL HAVE NO LIABILITY WITH RESPECT TO THE INFRINGE-
MENT OF COPYRIGHTS, TRADE SECRETS OR ANY PATENTS BY THIS SOFTWARE OR ANY
PART THEREOF.

In no event will Sun Microsystems, Inc. be liable for any lost revenue or profits or other special, indirect and
consequential damages, even if Sun has been advised of the possibility of such damages.

Sun Microsystems, Inc. 2550 Garcia Avenue Mountain View, California 94043

C.3.20 asyncio

Parts of the asyncio module are incorporated from uvloop 0.16, which is distributed under the MIT license:

Copyright (c) 2015-2021 MagicStack Inc. http://magic.io

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

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

THE SOFTWARE IS PROVIDED "AS IS", WITHOUT WARRANTY OF ANY KIND,
EXPRESS OR IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE AND

NONINFRINGEMENT. IN NO EVENT SHALL THE AUTHORS OR COPYRIGHT HOLDERS BE
LIABLE FOR ANY CLAIM, DAMAGES OR OTHER LIABILITY, WHETHER IN AN ACTION
OF CONTRACT, TORT OR OTHERWISE, ARISING FROM, OUT OF OR IN CONNECTION
WITH THE SOFTWARE OR THE USE OR OTHER DEALINGS IN THE SOFTWARE.
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Copyright © 2001-2023 Python Software Foundation. All rights reserved.

Copyright © 2000 BeOpen.com. All rights reserved.

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