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2.1.1 ZHEhsh o

spam(& ¥ 3ol AMF o] 7HF Fobdte &4 ) olgte & 52 WAt 28aL C gholH Y g
34 system () o] T3t Fo] A AHF o) AE RET AT FATH ., o] L d 28 EALES AAR
A A5 AP Sel o) G ke Zo] st Mo 5T 5 A1 AP

>>> import spam

>>> status = spam.system("ls —-1")

spammodule.c FYS BT Ao 2 A AN L. (A AOE BES spamo] gt 39, s G 13
= Z 30k C 9t Y- spammodule.c2til FUth BE o] F°| spammify A F v AW, B 5 o] 52
3 spammify.c ¥ & AFUTh)

sdel A e F 2L e 2oyt

#define PY_SSIZE_T CLEAN
#include <Python.h>

A€ shold APIE AU TH(AATHE BEY 543 A0 BAE Y5 24 24T 5
A<
B\
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ZH3: JpolH o] dFE A|AHe] FF F| o] TS v A= QR AA 7] o E ZAT = oA, 2F
3|6 7F 235 7] Aol REEA] Python.hE 238l oF Ut
It is recommended to always define PY_SSIZE_T_CLEAN before including Pyt hon . h. See &7 gF5=of| A] wjj 7]

¥ 4= ==3}7] for a description of this macro.

Python.h7} AL ALEALE 4~ A= 7|5+ a—i%— S t] stdol AojH 7|2 E A9 st 5 Py L PY
I bl

4TS 25 Th A€ S50, 123 o) W AB el el 7L B89 5HA AH§ 317 W ol "python.
h'e= 92 712 22 9|0 3d & 283t} <stdlo.h>, <string.h>, <errno.h> @ <stdlib.h>.
oW, T malloc (), free() ¥ realloc() & A AAF Yt

L EECE RN

2o g BE v 715t AL gto] M TH A spam.system(string) o] H7l12 w] SEE C T
A?JWDH"]"]"] AGA SEHE=A 2 EAE AYYh:

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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2.1.2 9t7k=2: o|2{2} o2

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

Jpo]  API= TRt @] ol2] & A7) f1% o2 8 Ao gyt

7F3 A AL PyErr_SetString () YU Th 1A= o 9 7H;‘<1]9}cfx}0ﬂ?gqr,} oqm 2 =
& PyExc_ZeroDivisionError$} 22 vlg] AoJH AR YUttt C EAE2 g 9 1,}5}141134
ol H FAE AA 2 HEE o] of| 99 “AdH o2 AFH UTh

2 38334 = PyErr_SetFromErrno () YUT} o] S o Q] AR5 AY e errno
S AAS] B ™ g2 A Y Y d Rk 01 = PyErr_SetObject () o|H, ol & o} & gkl
TS AR JAAE H Utk ol2l g 5ol AgH = AAE py INCREF () F 8+ Ut

PyErr_Occurred () 2 o7} dAF o] Q=X 8] gty Aoz AASE 4 A5 yh A
o15) 71 5 €908 NULLS W T e helA 2 Slofokolsf dsto 2 5 2ol
o g 7} A P =] E216t7) Y5 PyErr_Occurred() 2 323 2= gl5Uth

When a function f that calls another function g detects that the latter fails, f should itself return an error value
(usually NULL or —1). It should not call one of the PyErr_* functions — one has already been called by g. f s
caller is then supposed to also return an error indication to its caller, again without calling PyErr_*, and so on —
the most detailed cause of the error was already reported by the function that first detected it. Once the error reaches
the Python interpreter’ s main loop, this aborts the currently executing Python code and tries to find an exception
handler specified by the Python programmer.

(There are situations where a module can actually give a more detailed error message by calling another PyErr_ *
function, and in such cases it is fine to do so. As a general rule, however, this is not necessary, and can cause
information about the cause of the error to be lost: most operations can fail for a variety of reasons.)

At et &2 AAE o8 A ?‘5}?’4 , PyErr_ Clear() S SE%to Ao 2SS YA Ho =R
2] 9] oF U*W?‘r C =7} PyErr_Clear () & E%BHO]: St 9 s m o 2] 2 ol e = 2 ¥ o] ADa}A
Bl 227 AT AL o= B dU ek (ofhvt o 74 S A EEAY, o} RF AL AR A ok
z—1011/\1).

BEE A Stnalloc() T2 A2 A& o Yt —malloc () (E+ realloc ()Y AH &
SA= &2F PyErr_NoMemory () & &8t Al &A1 7] & wH&s) O]E 3“/]"/} 2E AR 84 4 o=
(1S E°l, PyLong_FromLong ())& ©] 7] o] &g +HsB =g, o] Fo=malloc() & AH TE3=
T A A T s By Tk

T3t PyArg_ParseTuple () 3 1 AFEL 52309 & A9 5ta, F ) & Widste=
2 A" TEAHY ‘QE‘}@—QE BF A F 3ol 05 whEetar, A Al -1 vhEgoh
npA et o g, of 2] E A 7] E W 0 (o] 1] ThE A X E Py _XDECREF () U Py_DECREF () & Z&3}0])
7H A& 7 2l sk Al 2

l

The choice of which exception to raise is entirely yours. There are predeclared C objects corresponding to all built-in
Python exceptions, such as PyExc_ZeroDivisionError, which you can use directly. Of course, you should
choose exceptions wisely — don’ t use PyExc_TypeError to mean that a file couldn’ t be opened (that should
probably be PyExc_IOError). If something’ s wrong with the argument list, the PyArg_ParseTuple ()
function usually raises PyExc_TypeError. If you have an argument whose value must be in a particular range or
must satisfy other conditions, PyExc_ValueError is appropriate.

o LRI A o S T QlFUTh ol & A, Nt o 3 A F el A AA MeE
Adduch

static PyObject *SpamError;

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

2.1. CL} C++2 1o =HEH5}7| 7
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PyMODINIT_FUNC
PyInit_spam(void)
{

PyObject *m;

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

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

return m;

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

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

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

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

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

const char *command;

int sts;

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

sts = system(command) ;

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

}

return PylLong_FromLong (sts);

8 Chapter 2. HM|&XxI £ Q0| &%t QLS 7|
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2.1.3 O|M| 2 E0}7}7|

ANA| 2 Fol7HA, oAl o F-E o] 2= ol o lofoF Futh:

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

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

= =4 fr92 5 system() = TE YT, PyArg_ParseTuple () oA €2 A2 S A2dY

t}:

sts = system(command) ;

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

’return PyLong_FromLong (sts) ;

o] 4%, A AAE A G UL (o, B2 AR gl ol A= & e AAd Yo

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

Py_INCREF (Py_None) ;
return Py_None;

Py None2 E2= sho]# A None o C o] 29Ut} oA HSo], tjiro] Absbol A “of 2" =
LE5l= NULL Z Q1 E] 7} ofu 2F A%} 3fo] M A A Ut

214 D E°| HAME EH|O|E1} X7\ &4

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

static PyMethodDef SpamMethods[] = {

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

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

Al AR 5 (METH_VARARGS) ol 2] 3t Al L. o] 212 AE Z e oA C ol AHEE 25 1 3=
dHFE=Z gyt gutA © 2 A METH._VARARGS W METH_VARARGS | METH_KEYWORDS ¢ of
FUTH 0 2 B & AMS 5 A] 9= PyArg_ParseTuple () W& o] AFSH S 9 v h

METH_VARARGS ¥+ AR & wf], 3= sho]H 43 vj 7] §57} PyArg_ParseTuple () & &8 7% &
Ao SEH = FEZ AEE 222 7|t of Futh; o] Froll th gk ApAI 8 B B = ofefjof] Al 5-F U th
The METH_KEYWORDS bit may be set in the third field if keyword arguments should be passed to the function. In

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

A= H ol B2 2E Ao FRA A Fx ook Fdyth

21. CL} C++2 T}O|M &Hx+5}7| 9
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static struct PyModuleDef spammodule = {
PyModuleDef_ HEAD_INIT,

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

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

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

PyMODINIT_FUNC
PyInit_spam(void)
{

return PyModule_Create (&spammodule) ;

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

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

When embedding Python, the PyInit_spam() function is not called automatically unless there’ s
an entry in the PyImport_Inittab table. To add the module to the initialization table, use
PyImport_AppendInittab (), optionally followed by an import of the module:

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

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

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

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

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

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

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

(Th5 sTeTATol A1)

10 Chapter 2. H|&tx} =3 gi0| 82t OHE Y|
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(o] A sl o] A ol A AH)

PyMem_RawFree (program) ;

return 0;
}
Fa: sys.modulesol A FEZ A ASGA Y Z2AH A oA AodE RES o2 AHZZHE
YZE S (= exec () ENPAIZIA &L fork () E WEW) F G L5 A7 AT 5
AsUth &4 25 A= YR tolH F2 & 2738 o FY & 7|k FUTh
=

= 1
dzdloz AgH A Bed oA 42 5 A&k

Zr31: spam 9| A2} 28] xxmodule2 THHA| & 7|3} (multi-phase initialization) (3F0] % 3.5 M 22 7]%)
E AFE 3 T} o] 7] Al &= PyModuleDef - Z A 7} PyInit_spamol| A ¥18E 17, 5 AL AEZE F =}
AU ohA 2730l o & 2pA g W82 PEP 4898 FF23H4 Al 2.
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A 29 A8, AR AT A" o] ARl 5 2 A Y wheEl Eed £ sy th &%
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ZXAZYS AL S GAY, EES Jo|H A Z Y A REog utEd Y, LA AL
WHASIY AHZEHE A A= o gt & FAE, o] A2 F920 A v gy ch 35S+
A2~ Bl E 9] Modules/ T A E o 3t (o] & E9¢] spammodule.c)S E31, Modules/Setup.local
stdof o HE 3L S 7|3 S FUEIAAAI L

spam spammodule.o

72) 51 249 v F e 2 o) A make

2] ] o A make S AP % g

FUth (O] AL setup YL M7
7k

Bgo] 33d F7etolHne vt 2
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spam spammodule.o —-1X11

2.1.6 CO||A{ L}O|M St SE5}7|
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glo|H g T =T7). o] A2 53] “2W” E A Yok ghol B 2o B s gtk C A EH o
27N S S, FE st ol M2 TF vt R I A S W AYS S ATl 227t
AsUTh FE2CZHAA o] FW T TSl FUTE T S5 44T + ds Ut
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o M (e ool B7lofl AT 3 ojtfoluhofl stoj A ek Ao th e 2AEE A FAAI 2
(Py_INCREF () 3fl oF 8} Zl°ll —rA SHHAILD. A& E0f, U= e 28 oY 47 d = dsyth:

static PyObject *my_callback = NULL;

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

PyObject *result = NULL;

PyObject *temp;

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

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

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

}

return result;

This function must be registered with the interpreter using the METH_VARARGS flag; this is described in section 5
E9| y A= o] B} % 7]3} . The PyArg_ParseTuple () function and its arguments are documented
in section €7 ghpol| A vl 7l Wl F=E617].

1] Z 2 Py_XINCREF () 2 Py_XDECREF () & AA| 9 IR I 4+E 2774 7|1 NULL Q1 E] 7} &
o BRI T (2 o] & el A temp= NULL ©] °Pé°ﬂ T Al L), A =z 840 o]of ofj gt
ZpA g A H 7 5 U th

Uz, & £, C ¥4 PyObject_CallObject () & =Yt} o] o= F 719 AR}
7F Sedl, BF °‘«H sto] A A el thet 2 AE JUth: shol A o) AR HE. QAL E%% sy
ZAo)7F AR 9l FF AA A of YTt QA glo] sto]H F4E SE5HH W, NULLo| U ¥l FES
AgaAe; el AR TEAeH, & G2 FEL AL L. py_Buildvalue () & EY

G0l BE Abolo] 07] o] 4o R HER THH UG 0] FES WAFUT oI SH:

int arg;
PyObject *arglist;
PyObject *result;

arg = 123;

/* Time to call the callback */

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

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

PyObject_CallObject () ] s
Ut PyObject_CallObject () &= 1A} # & dto] «3
PyObject_CallObject () ]

“Yh

PyObject_CallObject () 9
71E AA At} wpepA, L%ﬂ H
A}E Py_DECREF () 3f oF & th.

2 o] e £ sh7] Mol vk gho] NuLL o] obd A] 2l s of EME} a5, ghol
o928 WA A7 28 AT Pyobject_Callobject () 2 C LE} sholalol A 33
oAl sto] 2l T E A ol A ofl 2] T AIE WSO, A Z 2] F 7}/\H‘ =] Ol/\e Af AL T&3

O: ol AL shold ol wa g
A¢ FHA AU o deA=
ZALT N EZo] BHESH

o gre A A" QU Th: B8 A 2g A o] AL} 2
ol Qe Ao o &, Ak (53 1 @

Erm

12 Chapter 2. H|AHX} =7 Q10| &} OHE 7|
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NI a4 Yr= sh) o] o] E7153 AV vt A 51 A] 9o, PyErr_Clear ()

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

glo] W Zul rof T3l Pk e o] 2] whel, PyObject_CallObject () o A E=L A F5f oF
T dsuch woll e A 52 29 S AT 22 A o] AE B3 stold =2 Il A
ﬂl*%\%ﬂ I8 v g AR o 22 WA 2 ARSI AN %l*\%vk OE drols A EF
L2 AL M FE22 AL £ 5 AFUh o] 8 k= 7p 2bd et 2 Py _Buildvalue ()

mr

£ 523 AYUTh ol § Bol, A% oMlE =S A Y, e A=S AT 5 JHUTh
PyObject *arglist;
arglist = Py_BuildValue (" (1)", eventcode);

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

& A%, o2l ¥4 Aol py_DECREF (arglist) o] W0 f2] st Al Ll =3 A 81A T3t o]
D=7 AASHA bl = F 3 A 2 Py _Buildvalue () ol HIE 27} £5 4= 9loj M Qs of

a-
Ut
Q17k9} 719 = A2 X BHE PyObject_call () & AHE3He] 9 E A7} Ye F4E 52T 4T

d&Ut) 99 oo A 2bgto], Py _Buildvalue () % AHgst] 9V Bl E A4 F YT

PyObject *dict;

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

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

2.1.7 EAH SEA0f|A] OY7H B =E5517]

PyArg_ParseTuple () = o}

o
i)
my
o
>
re.
it
AW
iul

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

arg A= SFOl N A C F4 2 AGH & 914 B2 o] LFH K& AR o] oF FUTh. format A AH= Z o)
27493 0] of oF B}u], 3£ 3o] A/C API 31 12 v 37 2] arg-parsingo] 4] o G3uTh. vhul A
A E9 Ao o8] Wol AR & w4e] Faolof gk,

o

PyArg_ParseTuple 2 gho] A AA7F & 7 H = FAA FASA L S &0 AGHC WS T4 F
TS AT blE} A4E 3, AT SEF AU Ao E v 2|9 o v EE Yo% Th
a2y iﬁﬁ}ﬂ/\l+

TEAANA AFEH = BE stold AA Fxe DH L2 (borrowed) FE Do FFHAL; Fx AFE

2 o] 2] mh4] 4] 21

R 7 A A B
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#define PY_SSIZE_T _CLEAN /* Make "s#" use Py_ssize_t rather than int. */
#include <Python.h>

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

const char *s;
Py_ssize_t size;

ok = PyArg_ParseTuple(args, ""); /* No arguments */

/* Python call: f() */

ok = PyArg_ParseTuple (args, "s", &s); /* A string */

/* Possible Python call: f('whoops!') */

ok = PyArg_ParseTuple(args, "lls", &k, &1, &s); /* Two longs and a string */

/* Possible Python call: f(1, 2, 'three') */

ok = PyArg_ParseTuple (args, " (ii)s#", &i, &3J, &s, &size);

/* A pair of ints and a string, whose size is also returned */
/* Possible Python call: f((1, 2), 'three') */

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

f('spam')

f('spam', 'w')

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

}
{
int left, top, right, bottom, h, v;
ok = PyArg_ParseTuple(args, " ((ii) (ii)) (ii)",
&left, &top, &right, &bottom, &h, &v);
/* A rectangle and a point */
/* Possible Python call:
£(((0, 0), (400, 300)), (10, 10)) */
}
{
Py_complex c;
ok = PyArg_ParseTuple (args, "D:myfunction", &c);
/* a complex, also providing a function name for errors */
/* Possible Python call: myfunction (1+27) */
}
14 Chapter 2. H|&XI =7 Q10| &% QHE Y|
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40
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7I9IE O 4

PyArg_ParseTupleAndKeywords () s o337 2ol AAdg Ut

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

~

(]
—

=

argS} format Wi 7| M 42= PyArg_ParseTuple () 49} S A3tk kwdicr ] 7] W 5= I}
Aol Al Al A 7] W2 S8 7|9 = g GUTh kwlist vi7) M= wfj7) M8
AL NULL F8 S5 YU o] 52 5N LELOR formar®] @ B H} A Y

PyArg_ParseTupleAndKeywords () & Z& Wi3sta, 18 x) ¢Foy 7}21 S wk3tala A 7<E

AUk,

o
B

ﬁioiJz
oH i =
ol

To

B1: AYE ANE AT 0 FHD F2L PEEAT 5 A5 UTH kiisrel gl 7191 = vl W47}

HE
AE= 1 TypeError& WA A Y Th

T}-2-2 Geoff Philbrick (philbrick@hks.com) &] o #| & 7]¥ko. 2 3}, 7] =& AL&-3l= oAl RE DY TH

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

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

{
int voltage;

const char *state = "a stiff";

const char *action = "voom";

const char *type = "Norwegian Blue";

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

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

return NULL;

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

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
—~KEYWORDS,
"Print a lovely skit to standard output."},
{NULL, NULL, 0O, NULL} /* sentinel */

METH_

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

bi

(TH= sl AT A1)
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(o] A sl o] A ol A AH)

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

}

2.1.9 Q9|9 gy& A 55}7|

o] 4 PyArg_ParseTuple () o] Wl AU th The 7} o] AAF )

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

PyArg_ParseTuple () oA JAA = &= AT} FAE 29 o9 32 A4 A B, AR 59] &3
T2 2158 e s 2 216l o} ofu]of 1% 2ol o1 oF Sl T shol ol A S5 8 C Baeel A M Ehst A1
A5 A} 5ol A A7 BT

PyArg_ParseTuple () 29| §F 7}A] Zpo] H: &2k 3 HA QA7) F-& o] of oF &4A| vk (gho] A A=}
B2 §A Y 2A OE S22 2897 ffEYYh, Py_Buildvalue () &= FA FZ S U A=
%"QHD} ZREALD E ol 2R A7 2FH Aot FES D= h 90 Fxpd o] v o]
AO W None= WU TH HEHe] sttt 2wl &9 & =3std, 1210 T ol s = &9 7t
7]€°]'“: AAE G 277100 1Rl FES BAZ IS E S oW, 2 RIS S =

_,1_oz\1,\]_]_

A (AL BZ0|T, 2 2%e A3} so]# g Th:

Py_Buildvalue ("") None
Py_Buildvalue ("i", 123) 123
Py_BuildValue("lii", 123, 456, 789) (123, 456, 789)
Py_Buildvalue ("s", "hello") 'hello'
Py_Buildvalue ("y" "hello") b'hello!
Py_BuildValue("ss', "hello", "world") ('"hello', 'world')
Py_BuildvValue ("s#", "hello", 4) 'hell'
Py_BuildvValue ("y#", "hello", 4) b'hell'
Py_Buildvalue (" ()") ()
nyBuildValue("(l) , 123) (123,)
Py_Buildvalue (" (ii)", 123, 456) (123, 4506)
Py_Buildvalue (" (i,1)", 123, 456) (123, 456)
Py_Buildvalue("[i,1]", 123, 456) [123, 456]
Py_BuildValue("{s.l,s:i}",

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

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

2.1.10 & =x sl

CUFCt 9 22 Qojoll A, Pol A vl mele] 54 B3t @G Ao A m2 et ggguct C
ol A, malloc () 3 free () §458 AHg3ko] o] 49E S AT Th Crrol A, A4 new st delete
SR Aen 28 oiuE 4B oL AdmE Hol s Col 4P e ARG AU

Every block of memory allocated with malloc () should eventually be returned to the pool of available memory
by exactly one call to free (). Itis 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.

AR o) QA AL AES BN ALAY ALY, A § B0l B vz $EE
FIoaL, o @ A4S BTk, BEL A AT 5 AUk ol Al @50l tha &7 Ag o] WA of

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




Extending and Embedding Python, £A| B{% 3.10.18

e 245 ZA S Astel tig AALE F7Hetal 7 2710 W& E ¢ Y= F Fuh o] 7]
g2 YT o, 53 UFol Z=o FrtE w, @FE E Y ESZ At AS dov g 7] g5
Utk o3t e 4D S A TF AT A FAH A s UTh o8 22 AA TE9 72
FRo AT o] F oA, R F o] HAl AlA”e = g2 ZHE W R e 7 Qo A, 5 Sk FE A
AHE ke L E) A B E = ZEA XA T =27 dEbgUTh whebA, ol /Y ol E 29 & ol
Aekg 5ol =57 B eHA] FEF of+= Ao TPt

g}o] A& malloc () _,Jr free () & Wol Ab&st7] wj& o, W2 + A W2 A -’46}%
Aekol Ao sttt AEE W& 22 35 M| 7] (reference counting) F’/}IL tUoh Y= gtk 2

AA o= 7 H & i“%}@"’]r/} 7he- 8= A A o o g 2 7F ol A 7boll A o S 7hekaL, FE T} /\L;q]El
o ZHAFHU T 72 E 700l =2 atd, A A of o gk wpA] et 2 7F A E A o] A A7) A U Th

YA A kS 25 78] A = F (automatic garbage collection) 0] g gyt (25, ZR 34 A 75 718 A
FA Aol A, F 7R E FEE] | “AHs & B s U Tth) A 7R =719 g E S
PG free ()  BAIA R SET Ho7 vk AYUth (E o FAH o2 SE v R g

AF2- ko] 7 o] X g — o] AL 74“!8}/\}/\10] o]_H],]r/].) DAL Co AL Az 34 A7) = o)A A

TAZ QAR (T malloc () Ffree () EART F U T — o= CHEEO] AT, A=
o] A4 A+ AHE 7HAIA 3] 7] 7} ATH= ?:MD} AAZFCE S8 &3] o] A4 A= A5 7HA A
—’F%‘Jﬂ%&ﬁﬂ’“ As AUt lﬂﬂ}xl,fil%ﬂiﬁﬂ—?ﬁr@ﬂl% ofo F%"ﬂ?&‘%ﬁ}

ol H L AF A Fx 34 A7 7S AR SA T Fx 32 AA sk <& AA 7 = AFF
ol E Tl §8 Z2 AW AFAHNAYHHAN B FRE WEE A (o] A o] F=x 3 uk ALL-31Y
T 7H A R 9] Sk AuTh ol tisf 2 g skA] ekote HuUth Fx 3 (A P A7) ARl
of gt FxE xste “Zﬂi—?“ﬂ‘ﬂ/ﬁ T3] 7 A= 00] obd Fx AE Zsuth dukA <l
Az M7 FEAA = 3 AA o e F7F Fx27} gleiets Fx &3] AR ol &5k v e
3ol L3 A A FxE WEDE I+T S U5 UTh

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

Lo Mol M EZ= Bl M7

Iz A4 Z71e A4S AP stE T /Y W2 E Py INCREF (x) & Py _DECREF (x) 7} ls54th
Py_DECREF () + 357100 =2etH AAE A7 = FUth A2 Al free () EXH IE
32 kF Ut — Al AA 2] & AA (type objec) o & T4 ZAHE B3 TE&Fh o] H4 (L
71Eh < 918 BE AAlddl& OH‘:‘Ui A ol o g 40113*;%@}%14;}
olAl & Z‘% o] dF YT AA pPy_ INCREF ( x) 9} Py_DECREF (x) & AFE U7 WA & 7}4] &ol &
2N ASsUh ol AAE <4 (ownS)”‘G}X] syt 1 2, AR HE F2E & (own a
reference)?fL—’F Ayt AA 9 "X 3 oA o 7“Zﬂ o gt FxE AFFTE FgF Uk F=x
e e F27 83 ‘E%g uj Py_DECREF () & SE3loF FUch F2 42 FAL F=ES 5
0‘—‘45} 2F3 F2E ARSE A 7HA B ol dFuth: AL, A% 2 py_DECREF () 3&. 273
F2E AE3HA FoW v R w5 7F A o
AR o o3k IR E W 2= (borrow)? %JE 7}53hyth #x 9] o o] X} (borrower) = Py_DECREF () & &<
A= S UTh tHoAt= dE 2FART H o AAE Exods FFUTE &/ AVE AR
W FRE AN A E W2 E AT 9 o] QlojA A FsloF .
Fz aFg nnTdu] A7) o)W IEE 53 /MG BE JRA F2E AT Dol glhe
AUt — &, 182 2 E AL 27 55 Al L*-J Aol gls Utk &frshe 2ol vls)
Welt Aol BHL, AuolE SNE TEAY, WAE AFA AARE F2E ARG Fo] W2
F2IFAEE 5 Qe B 3] gtk A Yy th
W F2EPy_INCREF () § &3] ARt F22 AAT 4 AF UL o] & F2E W82 &/AY
FEf el G FS v A A ‘E%Q O — A2 258 F2E UEL, AT AFA AP Ry (o] A
AfAHETE obU g A 2f- Ak RS SukE A A28 o FUth
22 Ul Gomouing)” 5= #4001 Sk SEAL U9 B2 A4S 2
Sz Sl oAl AT Ae A YT — Bz 54 AAAAAD o welol 9 5 oA THE AR

A& 5 gyiTh
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E L=

ARH 7

AR 2 He Ao w AL Hvkh, £5-00] F2G BA AL 4] 124 AL B4 A

So] 2~ WAlel A%k

Aol et FxE &A= REY TFF 1

PyLong_FromLong () ©]4}Py_Buildvalue () & Z2 A AAE Wl = V)5S

AL AR A A oh A7 AAZ A AA 7} ot BtE,

A& w5yt 9 & £9, PyLong_FromLong (
= Whehe 4 Qs th

rlo

ot
ol
>

ofo
i g
ﬂrr
zy o
1o
)

r]i

=
o] PyObject_GetAttrString(). I3y B 7}X

AREAQl FEo] ool 7] o] 1
o] M&3slA o5 Ut PyTuple GetItem() s )

PyDict_GetItemString() € BT FZ, g2E EE gAY oA dE F2E vskah] o}
PyImport AddModule () 4% AA|= vtgst= A4 & s 4= AT A 2 E Wk 2
Aol Y3t 273t ZZ 7} sys.moduleso A= o] ¢17] W) £ 7}t

WA FZ2E 2Tl AT uff, Ut o g, st R oz R A2 EWFUtt— F2EAA
S| oF 3}W, Py_INCREF () & AFS-3lo] 59 &FX7F HUth o] &&= F 7FA] S 23899 7F I H Y
T} PyTuple_SetItem() #PyList_SetItem(). o] §+E AGH FE st 2 FAS H Tt
— AAL A st el E! (PyDict_SetItem() 3 1 AFEL 42 /AL FHA FFUTE— o] &2 “HA”
dyth)

Cot7t oo A sE2E u, 3EAZHE & Ao gt F2E AP Utk TE A= 214 o bl st
A2E 237w o, ¥d gz £y g7 usE w7k x] 2P U ol i Y A2 E A%
StAY Ao & w vk Py_INCREF () & S &3t0] £27-3 FZ2 2 wtEojof gyt

spol oA TEE C ol A widE AR F2E 42f3 FxR ok FUtt — 2 7Fd3L T TEA}

AlOiS

= =20

AR 7)o Balsh Wel Fxo) Ago] BAE QoA 5 =D AR Aol AHUTh JASL vE
2 BEMEEE S EEOE:

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

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

s

ol =l A list (0] et F2E WA Oh, Llist [1] S FH 0L Z vy, npz|gto g iy 3z
AUt Fafs HolA 82 3pA vk 18 ] kU TH

Let’ s follow the control flow into PyList_SetItem (). The list owns references to all its items, so when item
1 is replaced, it has to dispose of the original item 1. Now let’ s suppose the original item 1 was an instance of a
user-defined class, and let’ s further suppose that the class defineda __del__ () method. If this class instance has
a reference count of 1, disposing of it will callits __del__ () method.

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

Py_INCREF (item) ;

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

Py_DECREF (item) ;

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

e Fxo] A7 e 7 HA Aee cdeg 3dd dPduth drkd o g, stold e HA A
ﬂ?ﬂéiiﬂLﬂ“iﬂ“QHiﬁmoﬂ g o 2d=s uE AEY de 7ol &
A5 Unh 22y, 32 2 Py_BEGIN_ALLOW_THREADS S A& 3to] o] & dAF o2 & A3t
Py_END_ALLOW_THREADS & A}-&3}o] ThA] &R & 4= H5 Ut} o= EZ 7 /0 T & A £31|, 1/0
7V RAEEHTE Vvt e et thE 2 ET 22 AAE AT AEE FUTh 298], v e
ol st e EAZ AFUTh

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! */

g HW o=, 211 FEE AR Ad= @4% NULL 29 HE AL Aoz 7g5tA o, 137

&) . A A %‘i% 113} 5= 3} EP*L gutx o=
O%lﬂﬂ %“EA < YEehg 7 %oHH“PNULL% = AAI3HA] %}t 01%t ol
%% Al o] uke ﬂﬂle o2 ol Ags) M%%\/]D}—ﬂﬂ?ﬂNULL% AAretoid, S8 A

ol At IETH =2 711 Ay
NULL S 4= 1= 3£ Q1 7} 5 A1 o] b o A RENULLE RAFSHE 2ol S5 Th el & S ol malloc )
ool S YN E £ e f&#oﬂfﬂ.

"] =& Py_INCREF () & Py_DECREF () £ NULL 298 Z AAsA] g5Uth — stxnh, 252 Wy
Py_XINCREF () 3} Py_XDECREF () + A3y th

—
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2.1.11 C++E E&t ZHA5}7|
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Python provides a special mechanism to pass C-level information (pointers) from one extension module to another
one: Capsules. A Capsule is a Python data type which stores a pointer (void*). Capsules can only be created and
accessed via their C API, but they can be passed around like any other Python object. In particular, they can be
assigned to a name in an extension module’ s namespace. Other extension modules can then import this module,
retrieve the value of this name, and then retrieve the pointer from the Capsule.

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

91Utk

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

23], CAPIE 3751 o AF85 = Ag ol the 7 2ol we} o] B2 A Qe of g )

modulename.attributename

Ho] &4 PyCapsule_Import () S AF2SH HES 8] Al Z2F CAPIE A 22 & 4 QAW H
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The following example demonstrates an approach that puts most of the burden on the writer of the exporting module,
which is appropriate for commonly used library modules. It stores all C API pointers (just one in the example!) in an
array of void pointers which becomes the value of a Capsule. The header file corresponding to the module provides
a macro that takes care of importing the module and retrieving its C API pointers; client modules only have to call
this macro before accessing the C API.
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The exporting module is a modification of the spam module from section 7F%+3} of|. The function spam.
system () does not call the C library function system () directly, but a function PySpam_System (), which
would of course do something more complicated in reality (such as adding “spam” to every command). This function
PySpam_System () is also exported to other extension modules.

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

static int
PySpam_System (const char *command)
{

return system(command) ;

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

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

const char *command;

int sts;

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

sts = PySpam_System (command) ;

return PyLong_FromLong (sts);

259 AF LR A, Th F 2 Thgo]

#include <Python.h>

e T 2€ o 278 oF gtk

#define SPAM_MODULE
#include "spammodule.h"

#define2 3|t utdo] &
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PyMODINIT_FUNC

PyInit_spam(void)

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

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

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

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

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

(Th5 slTeTATol AI%)
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return m;

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

Z YR EL F Y 9Y spammodule.hol glow, o423} 25y tth:

#ifndef Py_SPAMMODULE_H
#define Py_SPAMMODULE_H
#ifdef __cplusplus
extern "C" {

#endif

/* Header file for spammodule */

/* C API functions */

#define PySpam_System NUM 0

#define PySpam_System RETURN int

#define PySpam_System PROTO (const char *command)

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

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

static PySpam_System_RETURN PySpam_System PySpam_System_ PROTO;

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

static void **PySpam_API;

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

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

static int

import_spam(void)

{

PySpam_API = (void **)PyCapsule_Import ("spam. C _API", 0);
return (PySpam_API != NULL) ? 0 : -1;

}

#endif

#ifdef __cplusplus
I3
#endif

#endif /* !defined(Py_SPAMMODULE_H) */

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

PyMODINIT_FUNC
PyInit_client (void)

(Th= ST Ao A1)
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PyObject *m;

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

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

webAl, A 482 Foj s, A @ AAE wEsolof 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 cust om:

o] 7] o] F A3 A% A A < (static) 3= 9 *}
3 oF gt} C API+= T3l PyType_FromSpec ()
Uyl o] Zp5 A ol A= thFA] gk U th
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ol 1% K

#define PY_SSIZE_T CLEAN
#include <Python.h>

typedef struct {

PyObject_HEAD

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

static PyTypeObject CustomType = {
PyVarObject_HEAD_INIT (NULL, O0)

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

(TH= ST Ao A1)
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.tp_itemsize = 0,
.tp_flags = Py_TPFLAGS_DEFAULT,
.tp_new = PyType_GenericNew,

bi

static PyModuleDef custommodule = {
PyModuleDef_ HEAD_INIT,

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

bi

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

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

Py_INCREF (&CustomType) ;

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

return m;

o A= & ol w9 ok 3 2 o] BB, o] A A3} w53 Kol 7 & HhUIth o] AL Al XS G
Yok
1. Whata Cust om object contains: this is the Cust omObject struct, which is allocated once for each Cust om
instance.

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

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

A 22

typedef struct {
PyObject_HEAD
} CustomObject;

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

F3l: PyObject HEAD W3R Flofl& AlnjZ&¢] glguth A& F718He 2ol oAl dF
AstdeE 238 AUt
=8 AAl AR 2F PyObject _HEAD W& 2o 27 tlolHE AU ol & S0, &
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typedef struct {
PyObject_HEAD
double ob_fval;
} PyFloatObject;

= ) AL 8 A9 Hel g,

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

it A7 22 9= REPyTypeObject BEE UYL3A] ¢ Fx 9]
/\
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’ PyVarObject_HEAD_INIT (NULL, 0)

o] 2L 9 oA AF 3 ob_base BT E 27]3}3}17] 98 A4 A8 dUch

’.tp_name = "custom.Custom",

2 P o] F. o] AL A9 7| R HAE FHI AF o wA A o YEbEUT o & S0t

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

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

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

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

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

Z3: If you want your type to be subclassable from Python, and your type has the same tp_basicsize as its
base type, you may have problems with multiple inheritance. A Python subclass of your type will have to list your
type firstin its __bases__, or else it will not be able to call your type’ s __new___ () method without getting an
error. You can avoid this problem by ensuring that your type has a larger value for tp_basicsize than its base
type does. Most of the time, this will be true anyway, because either your base type will be object, or else you
will be adding data members to your base type, and therefore increasing its size.

We set the class flags to Py_ TPFLAGS_DEFAULT.
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.tp_flags = Py_TPFLAGS_DEFAULT,
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’.tp_doc = PyDoc_STR("Custom objects"),

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

the API function PyType_GenericNew ().

.tp_new = PyType_GenericNew,

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

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

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

Py_INCREF (&CustomType) ;

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

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

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

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

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

£ setup.pydhe F¥o 92 o oS

$ 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.

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

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

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

} CustomObject;

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

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

CustomObject *self;

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

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

Py_DECREF (self);
return NULL;

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

3
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,
sfirst, &last,
&self->number))
return -1;

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

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

}

return 0O;

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;
3
if (self->last == NULL) {
PyErr_SetString (PyExc_AttributeError, "last");
return NULL;
}

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

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

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

bi

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

bi

(Th5 sTeTATol A1)
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PyMODINIT_FUNC
PyInit_custom?2 (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 e gl o] kA WA Abdol Jsdth

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 F2A L THeT} 2] AAF Y

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

} CustomObject;

olA &g Hlole 7t A7) wiEoll, AA dFt D S A ol &3l oS AT o Futh H 4% &
A WA =7 2o

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

o]+ tp_dealloc Wl thYE Yt}

.tp_dealloc = (destructor) Custom_dealloc,

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

Z+31: CustomObject * Q1A}E FHSIEE Custom_deallocS ALY P A 9 tp_dealloc T4 £l
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static PyObject *
Custom_new (PyTypeObject *type, PyObject *args, PyObject *kwds)
{

CustomObject *self;

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

self->first = PyUnicode_FromString("");

if (self->first == NULL) {

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

a2]3 I3e tp_new WH o A

.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 t p_new member, and indeed many extension

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

tp_newt JABA B HE BN 2ear) QAL 5 W, 9EA] CustonTyped Dot
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self = (CustomObject *) type->tp_alloc(type, 0);

m 2] o] Asjd o 9lojA, A7) Aell tp_alloc A37FNULL O] obd ] &3] oF gy
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ZF31: If you are creating a co-operative tp_new (one that calls a base type’ s tp_new or __new__ () ), you
must not try to determine what method to call using method resolution order at runtime. Always statically determine
what type you are going to call, and call its tp_new directly, or via type—>tp_base->tp_new. If you do not
do this, Python subclasses of your type that also inherit from other Python-defined classes may not work correctly.
(Specifically, you may not be able to create instances of such subclasses without getting a TypeError.)
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static int
Custom_init (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,
sfirst, &last,
&self->number))
return -1;

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

}

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

}

return 0;

o] Z tp_init €X& AFYth

.tp_init = (initproc) Custom_init,

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

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

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

A o] A2 A RIUTE 92 FL first W] P2 AT3A b, BE 5 A D 5 9
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static PyMemberDef Custom_members|[] = {
{"first", T_OBJECT_EX, offsetof (CustomObject, first), O,
"first name"},
{"last", T_OBJECT_EX, offsetof (CustomObject, last), O,
"last name"},
{"number", T_INT, offsetof (CustomObject, number), O,
"custom number"},
{NULL} /* Sentinel */

bi

183 tp_members £X° A E dH5Uh

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

static PyObject *
Custom_name (CustomObject *self, PyObject *Py_UNUSED (ignored))
{
if (self->first == NULL) {
PyErr_SetString (PyExc_AttributeError, "first");
return NULL;
3
if (self->last == NULL) {
PyErr_SetString (PyExc_AttributeError, "last");
return NULL;
}

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

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

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

Note that we have to check for the possibility that our £irst 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.

VA A= S Ao Mg h WA B g wE o] oF Fvk

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

bi
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(note that we used the METH_NOARGS flag to indicate that the method is expecting no arguments other than self)
Z12]3l tp_methods €% i Y FUth

.tp_methods = Custom_methods,

Finally, we’ 11 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)

2.2.3 H|I0|E| O{EZ|REE O MZSIA Mo{5}H7]

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

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

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

} CustomObject;

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

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

CustomObject *self;

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

self->first = PyUnicode_FromString("");

if (self->first == NULL) {

Py_DECREF (self);
return NULL;
}
self->last = PyUnicode_FromString("");

(Th5 sTeTATol A1)
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if (self->last == NULL) {
Py_DECREF (self);
return NULL;

}

self->number = 0;

}
return (PyObject *) self;

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

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

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

3

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

;

return O;

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

bi

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

Py_INCREF (self->first);

return self->first;

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

(Th5 sTeTATol A1)
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tmp = self->first;
Py_INCREF (value);
self->first = value;
Py_DECREF (tmp) ;
return 0;

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

Py_INCREF (self->last);

return self->last;

static int
Custom_setlast (CustomObject *self, PyObject *value, void *closure)
{
PyObject *tmp;
if (value == NULL) {
PyErr_SetString (PyExc_TypeError, "Cannot delete the last attribute");
return -1;
}
if (!PyUnicode_Check (value)) {
PyErr_SetString (PyExc_TypeError,
"The last attribute value must be a string");
return -1;
}
tmp = self->last;
Py_INCREF (value);
self->last = value;
Py_DECREF (tmp) ;
return 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, O0)
.tp_name = "custom3.Custom",
.tp_doc = PyDoc_STR("Custom objects"),
.tp_basicsize = sizeof (CustomObject),
.tp_itemsize = 0,

(Th5 sTeTATol A1)
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.tp_flags = Py_TPFLAGS_DEFAULT | Py_TPFLAGS_BASETYPE,
.tp_new = Custom_new,
.tp_init = (initproc) Custom_init,
.tp_dealloc = (destructor) Custom_dealloc,
.tp_members = Custom_members,
.tp_methods = Custom_methods,
.tp_getset = Custom_getsetters,
bi

static PyModuleDef custommodule = {
PyModuleDef_ HEAD_INIT,

.m_name = "custom3",
.m_doc = "Example module that creates an extension type.",
.m_size = -1,

bi

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

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

Py_INCREF (&CustomType) ;

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

return m;

To provide greater control, over the first and last attributes, we’ 11 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, wvoid *closure)
{

PyObject *tmp;

if (value == NULL) {

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

return -1;
}
if (!PyUnicode_Check (value)) {
PyErr_SetString (PyExc_TypeError,
"The first attribute value must be a string");
return -1;

}
tmp = self->first;

(Th= ST Aol A1)
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Py_INCREF (value);
self->first = value;
Py_DECREF (tmp) ;
return 0O;

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

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

PyGetSetDef FZA o vjdE w51

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

8|3l tp_getset €X° FEHIYTH

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

T3 FAET AL
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static int
Custom_init (CustomObject *self, PyObject *args, PyObject *kwds)
{

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

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

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

(TH= Aol AT ol A1)
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}

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

return 0;

-
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>>> 1 = []

>>> 1.append (1)

>>> del 1
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In the second version of the Custom example, we allowed any kind of object to be stored in the first or last

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

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

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

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

#define PY_SSIZE_T CLEAN
#include <Python.h>
#include "structmember.h"

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

} CustomObject;

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

(ThS ST Aol A1)
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Py_VISIT(self->first);
Py _VISIT (self->last);
return 0O;

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

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

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

CustomObject *self;

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

self->first = PyUnicode_FromString("");

if (self->first == NULL) {

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

3
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,
sfirst, &last,
&self->number))

return -1;

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

}

if (last) |

(Th5 sTeTATol A1)
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tmp = self->last;
Py_INCREF (last);
self->last = last;
Py_DECREF (tmp) ;

}

return 0;

static PyMemberDef Custom_members|[] = {

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

{NULL} /* Sentinel */

bi

static PyObject *

Custom_getfirst (CustomObject *self, woid *closure)
{

Py_INCREF (self->first);

return self->first;

static int
Custom_setfirst (CustomObject *self, PyObject *value, wvoid *closure)
{
if (value == NULL) {
PyErr_SetString (PyExc_TypeError, "Cannot delete the first attribute");
return -1;
3
if (!PyUnicode_Check (value)) {
PyErr_SetString (PyExc_TypeError,
"The first attribute value must be a string");
return -1;
}
Py_INCREF (value);
Py_CLEAR(self->first);
self->first = value;
return 0O;

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

Py_INCREF (self->1last);

return self->last;

static int
Custom_setlast (CustomObject *self, PyObject *value, void *closure)

{

if (value == NULL) {
PyErr_SetString (PyExc_TypeError, "Cannot delete the last attribute");
return -1;

}

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

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

return -1;

}

Py_INCREF (value) ;

Py_CLEAR(self->last);

self->last = value;

(Th5 sTeTATol A1)
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return 0O;

}

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

bi

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

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

}

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

bi

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

(Th5 sTeTATol A1)
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Py_DECREF (&CustomType) ;
Py_DECREF (m) ;
return NULL;

return m;
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static int
Custom_traverse (CustomObject *self, visitproc visit, void *arg)
{
int vret;
if (self->first) {
vret = visit (self->first, arg);
if (vret != 0)
return vret;
}
if (self->last) {
vret = visit (self->last, arg);
if (vret != 0)
return vret;
3

return O;

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

ato] W& visit T TE S AFEStE Py VISIT() W22 E AlFdYTh Py VISIT() & AHE3HY,
Custom_traverseo| A FEF F& Ha3s1e 5 JAF5Ych

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

Py _VISIT (self->first);

Py_VISIT (self->last);

return 0;

B3 by VISIT() & AFEHE® tp_traverse TR Q1A o] 2L visitTh arg 2 4 2317 2| 43l of
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static int
Custom_clear (CustomObject *self)
{
Py_CLEAR (self->first);
Py_CLEAR (self->last);

return O;
}
Py_CLEAR () WA 2 AR FESIHAI Q. IFE SI4E Fo]WA 49 Fo HolH EZREE AT+
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PyObject *tmp;

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

I8, A ESFES AA T o) F4 Py _CLEAR () & ARSI 7H A Ja o7t AUtk A<
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static void
Custom_dealloc (CustomObject *self)
{
PyObject_GC_UnTrack (self);
Custom_clear (self);
Py_TYPE (self)->tp_free ((PyObject *) self);

Finally, we add the Py_TPFLAGS_HAVE_ GC flag to the class flags:

.tp_flags = Py_TPFLAGS_DEFAULT | Py_TPFLAGS_BASETYPE | Py_TPFLAGS_HAVE_GC,

A 5tk A8 A9 tp_allocethtp_free xmﬂ% Ao 3 4 A = AE 95
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In this example we will create a SubList type that inherits from the built-in 1ist type. The new type will

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

t} 7o) R3PyTypeObject & G A AR
T R2E 7t O] 23l PyTypeObject FRAZE F-73}17]

>>> 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;

(Th= ST Aol A1)
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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,
.tp_methods = SubList_methods,
bi

static PyModuleDef sublistmodule = {
PyModuleDef_HEAD_INIT,

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

bi

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

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

Py_INCREF (&SubListType) ;

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

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

typedef struct {
PyListObject list;
int state;

} SubListObject;

TP AA ] F 8 Aol AL wo]ag ] A F2AN7E A WA gholofof gttt AUt Wl o] ~F 2
o] x| &} A% FFol PyObject _HEAD () & Ef?} Tk

When a Python objectisa SubList instance, its PyObject * pointer can be safely casttoboth 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 to the __init__ method of the base type.

°l o EH -2 A2 9 tp new?}tp_dealloc HHE 2+ FS A4S u] T 2FYTH tp_new A ] 7]
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PyMODINIT_FUNC
PyInit_sublist (void)
{
PyObject* m;
SubListType.tp_base = &PyList_Type;
if (PyType_Ready (&SubListType) < 0)
return NULL;

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

Py_INCREF (&SubListType) ;

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

return m;

PyType_Ready () & £&317] doll,  FZ2A 0l tp_base €F 0o MY A oo Ayt 71& < 3
A& u, PyType_GenericNew () Z tp_alloc €5 S A 2 o= gFUth-wlol~g e a7}
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After that, calling PyType_Ready () and adding the type object to the module is the same as with the basic
Custom examples.
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Here is the definition of PyTypeObject, with some fields only used in debug builds omitted:

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

/* Methods to implement standard operations */

destructor tp_dealloc;

Py_ssize_t tp_vectorcall offset;

getattrfunc tp_getattr;

setattrfunc tp_setattr;

PyAsyncMethods *tp_as_async; /* formerly known as tp_compare (Python 2)
or tp_reserved (Python 3) */

reprfunc tp_repr;

/* Method suites for standard classes */

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

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

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

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

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

const char *tp_doc; /* Documentation string */

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

/* delete references to contained objects */
ingquiry 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 */

(THS ST Ao A1)
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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;

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;
} PyTypeObiject;
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’const char *tp_name; /* For printing */
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’destructor tp_dealloc;
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static void
newdatatype_dealloc (newdatatypeobject *obj)
{
free (obj->obj_UnderlyingDatatypePtr);
Py_TYPE (obj)->tp_free ((PyObject *)obj);

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

static void
newdatatype_dealloc (newdatatypeobject *obj)
{

PyObject_GC_UnTrack (obj) ;

Py_CLEAR (obj->other_obj);

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

my_dealloc (PyObject *obj)

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

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

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

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

PyErr_WriteUnraisable (self->my_callback);
else

Py_DECREF (cbresult) ;

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

Py_DECREF (self->my_callback);

3
Py_TYPE (obj)—>tp_free ((PyObject*)self);
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static PyObject *
newdatatype_repr (newdatatypeobject * obj)
{
return PyUnicode_FromFormat ("Repr-ified newdatatype{{size:%d}}",
obj—>obj_UnderlyingDatatypePtr->size);

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

tp_str A g 7] str() ol gt Aola, Yo A dYsttp_ repr 8] 712} repr () 7+ Jrﬁﬂﬂ ze
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static PyObject *
newdatatype_str (newdatatypeobject * obj)
{
return PyUnicode_FromFormat ("Stringified _newdatatype{{size:%d}}",
obj—->obj_UnderlyingDatatypePtr—->size);
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Python supports two pairs of attribute handlers; a type that supports attributes only needs to implement the functions

for one pair. The difference is that one pair takes the name of the attribute as a char*, while the other accepts a
PyObject *. Each type can use whichever pair makes more sense for the implementation’ s convenience.

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

S L. K/

getattrofunc tp_getattro; /* PyObject * version */

setattrofunc tp_setattro;

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

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

tp_methods 7} NULL O] o} H, PyMethodDef F2 A 9] i d& Fxsl of &t Elo] &2 7 452
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typedef struct PyMethodDef {

const char *ml_name; /* method name */

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

const char *ml_doc; /* docstring */

} PyMethodDef;

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

int type;
int offset;
int flags;

const char *doc;
} PyMemberDef;

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

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

Constant Meaning
READONLY Never writable.
PY_AUDIT_READ | Emitan object._ _getattr__ audit events before reading.

WA 3.100] A ¥ 73: RESTRICTED, READ_RESTRICTED and WRITE_RESTRICTED are deprecated. How-
ever, READ_RESTRICTED is an alias for PY_AUDIT_READ, so fields that specify either RESTRICTED or
READ_RESTRICTED will also raise an audit event.

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

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

¥ 0EEIRE
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For simplicity, only the char* version will be demonstrated here; the type of the name parameter is the only
difference between the char* and PyObject* flavors of the interface. This example effectively does the same
thing as the generic example above, but does not use the generic support added in Python 2.2. It explains how the
handler functions are called, so that if you do need to extend their functionality, you’ 1l understand what needs to be
done.

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

o€ v Z2EUth

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

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

%.400s'",

return NULL;
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The tp_setattr handleris called whenthe __setattr_ () or__delattr__ () method of a class instance
would be called. When an attribute should be deleted, the third parameter will be NULL. Here is an example that
simply raises an exception; if this were really all you wanted, the t p_setattr handler should be set to NULL.

static int

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

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

2.3.4 24| H]|

richcmpfunc tp_richcompare;

The tp_richcompare handler is called when comparisons are needed. It is analogous to the
rich comparison methods, like ___1t__ (), and also called by PyObject_RichCompare () and
PyObject_RichCompareBool ().

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

Wit 28] 277 2o 2 tstE HolHP A td AL A2 v 25 th

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

PyObject *result;

int ¢, sizel, size2;

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

sizel = objl->obj_UnderlyingDatatypePtr->size;
size2 = obj2->o0obj_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;
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PyNumberMethods *tp_as_number;
PySequenceMethods *tp_as_sequence;
PyMappingMethods *tp_as_mapping;
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hashfunc tp_hash;
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static Py_hash_t
newdatatype_hash (newdatatypeobject *obj)

{
Py_hash_t result;

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

return result;
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static PyObject *
newdatatype_call (newdatatypeobject *self, PyObject *args, PyObject *kwds)

(Th5 sTeTATol A1)
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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:
obj->obj_UnderlyingDatatypePtr->size,
argl, arg2, arg3);

return result;
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/* Iterators */
getiterfunc tp_iter;
iternextfunc tp_iternext;

These functions provide support for the iterator protocol. Both handlers take exactly one parameter, the instance for
which they are being called, and return a new reference. In the case of an error, they should set an exception and
return NULL. tp_1iter corresponds to the Python ___iter_ () method, while tp_iternext corresponds to
the Python __next__ () method.
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weakref RE o] th 3k 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 struc-
ture, 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:
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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, O)
/* ... 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:

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

o ®17]:
CPython 22 AL o} 2 E314 A Q. https://www.python.org/downloads/source/
GitHub ¢] CPython Z 2 A €  CPython A2 A F &7} 7)¥kE] &= 3L, https://github.com/python/cpython
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.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 et 22 8-S 25Ut
PyObject *PyInit_modulename (void)
s = 715‘}3 R E o]y PyModuleDef JAHAE whHgHY ok 24| 8F W &2 initializing-modules &

FEHA L
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ASCIIE ¥k o] F0] 3 O] = AL, 49 o] 52 PyInit_<modulename> ©] o] oF LT}, of
714 <modulename>& E’_C-O/] o] 2o 7 X3+gty] t}. multi-phase-initialization S AF&- € w] ASCII7} ofd
B2E o]E0] F{FH YT} 9 FolEerp yInltU <modulename> | W <modulename>
2 FFo] K & punycode QTP & JAFYE 11 5to] o L& A G th sfo] H o A:

def initfunc_name (name) :

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

return b'PyInit' + suffix

ofe] 27131 G55 A2 sto] B 7 eholHejelo A ofe] RES Y & Yy T} o 5L
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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 key-
word 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 mod-
ules, 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,

(Th5 sTeTATol A1)
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include_dirs = ['/usr/local/include'],
libraries = ['tcl83'],
library_dirs = ['/usr/local/lib'],
sources = ['demo.c'])
setup (name = 'PackageName',
version = '1.0",
description = 'This is a demo package',
author = 'Martin v. Loewis',
author_email = 'martin@v.loewis.de',
url = 'https://docs.python.org/extending/building’,
long_description = '''
This is really just a demo package.
'7',
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 direc-
tories, 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-1686-2.2/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_rpm
python setup.py bdist_dumb
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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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cl /LD /I/python/include spam.c ../libs/pythonXY.lib
cl /LD /I/python/include ni.c spam.lib ../libs/pythonXY.lib

AR HH 2 A MY & WEYSESUT}: spam.ob], spam.dll ¥ spam.lib. Spam.dl1l-2 1}9]
A 34 (718 PyArg_ ParseTup e())E XFHA FA T pythonxy. lib Gitol] gto]d =& 3=
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2, void _declspec (dllexport) initspam(void) Y PyObject _declspec (dllexport)

*NiGetSpamData (void) X ¥ _declspec (dllexport) 2t A A& of gt}

Developer Studio will throw in a lot of import libraries that you do not really need, adding about 100K to your
executable. To get rid of them, use the Project Settings dialog, Link tab, to specify ignore default libraries. Add the
correct msvcrtxx.lib to the list of libraries.
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#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 () to inform 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)) {
pArgs = PyTuple_New(argc - 3);
for (i = 0; 1 < argc - 3; ++1i) A
pValue = Pylong_FromLong(atoi (argv[i + 31));
if (!pvalue) {
Py_DECREF (pArgs) ;
Py_DECREF (pModule) ;
fprintf (stderr, "Cannot convert argument\n")
return 1;
3
/* pValue reference stolen here: */
PyTuple_SetItem(pArgs, i, pValue);
I3
pValue = PyObject_CallObject (pFunc, pArgs);
Py_DECREF (pArgs) ;
if (pValue != NULL) {
printf ("Result of call: %1d\n", PyLong_AsLong (pValue));
Py_DECREF (pValue) ;
I3
else {
Py_DECREF (pFunc) ;
Py_DECREF (pModule) ;
PyErr_Print ();

(Th5 sTeTATol A1)
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fprintf (stderr,"Call failed\n")
return 1;

}
else {
if (PyErr_Occurred())
PyErr_Print () ;
fprintf (stderr, "Cannot find function \"%s\"\n", argv[2]);
t
Py_XDECREF (pFunc) ;
Py_DECREF (pModule) ;
}
else {
PyErr_Print ();
fprintf (stderr, "Failed to load \"%s\"\n", argv[1l]);
return 1;
}
if (Py_FinalizeEx () < 0) {
return 120;
3

return O;

o] A= argv[1] & AHESte] Bho] W AT HPEES ZESIL, argv (2] A BHE TS TE
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def multiply(a,b):

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

c=c+b

return c

Jew Ahe the ) gotel g

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

m2 o] /SR 4FE 2 Wo| A wh i T 5ol A5} C Abol9] HlolH WE} e} Wi g
e ATk ol W 43 BRD Ful2 e BEE OheA Y AAF T

Py_Initialize();

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

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

t
Py_XDECREF (pFunc) ;
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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_FromLong (numargs) ;

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

bi

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

bi

static PyObject*
PyInit_emb (void)

return PyModule_Create (&EmbModule) ;

EEmain() g5 vlZ ol A YsIAAI L. =3 Py _Initialize() o gt & & Hof o5 F
A

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

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

import emb
print ("Number of arguments", emb.numargs())
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e pythonX.Y-config —-cflagst AL duje] AR ZHIE AlFTYh

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

pythonX.Y-config --ldflags --embed+ H3I S ujo] dF 21 &5 AFTY )

$ /opt/bin/python3.1l-config --1ldflags —--embed
-L/opt/lib/python3.11/config-3.11-x86_64-linux—-gnu -L/opt/lib -lpython3.11 -
—lpthread -1dl -lutil -1m
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,$19] o9} o] pythonX. y-config®] AT} 4= ALg3he Ze] E&ITh

(o

o] @ﬂﬂﬂfﬂ%%%éﬂ& 7 Srevd (2
FUth sA Y W2 RuE sy, 54 3 °ﬂ

rIn
J .IL
A
e
@, it
Py
ltd
2
>
L)

[e] fu
Makeflle_»‘r(j_—AZ]E zto 3 sysconfig. g et_makefile_filename () & A&SHUAI L) A9l
£98 92kl oF Uk ol syscontig REE Sl ol AWl e P4 g zeaAY WA o2

FEsted FET =FdUH dE =

>>> import sysconfig

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

>>> gysconfig.get_config_var ('LINKFORSHARED'")
'-Xlinker -export-dynamic'
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0[0
<
bl

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

e 2L AL e 4 ALYk

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 W& A,

2to3 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 1ib2to3; a standalone entry point is provided as Tools/
scripts/2to3. See 2to3-reference.

abstract base class (34 Wo|A Ze|A) FA oA~ &
A nBaHA ZREE (& o, A WAE) 4
g o] & Rtk ABCE 7H A B S8
X isinstance () £ issubclass () o 93] X
S HASQ. FolHe= B2 W ABC £9] w}a}_?_% Al I“/‘r%-‘Jr 22 AE O] AsUth 25 7+2
(collections.abc BEEIAA), A} (numbers EEA), 2EH (io REAA]), YT E Folt] 9}
29 (importlib.abc 2E|A]). abc ZES A& A XAl W] AB CE = "“: &)

annotation (o3 H|o]H) Trell we} 3 9= 2 A= WS, Fes o B HE £ B4 RS
v uket g A E ol ey
A% 95l A IE A N DAL AT B W Fol

gt hasattr () g2 2 HIYEol EH}
%, Qe o~ E 7&43}h‘31‘:‘4° 7<114—U‘°E’>‘1
£ =9 'GP“H],%EH*E A5 3HA] koA
249

£ B2 5yt abe 25 175

FEI

il

Al w1l
-1 0 X =u
Hold& 22t BE, Fdl2, 49 __annotations__ E]-‘F',—E o A=Yt}
o] 7]15< AWsl= ¥4 o] g o] A, 84 o] - H| o] A1, PEP 484, PEP 5268 &2 314 2. o] =g o]
Az o of) 3F =¥ Alg] = annotations-howto & I X 314 &

argument (Q12h) F-E 22T o o (B vAE) 2 ABH = & F 72 AL

. 719 = SR} keyword argument): 4 & ] 4] tﬂx}ﬂ ool -2 QAAH (el & 0], name=) ==
** 5 Qo] B9l g E 2 AEH = AR A& 23} 22 complex ()

55 BT ]-rlE ARG Y ok

complex (real=3, imag=5)
complex (**{'real': 3, 'imag': 5})
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& 2] Q1 2} (positional argument): 7] = Q1 217} o} d 21 A},
e Avt ]E%ﬂ‘j o o * & o] AT 5+ JdF YT
35 e RE 94 ARk

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

A= T vi 9] o] 5 22 A Wl hd gyt of o ol A-8-5 = 7 2 5ol Hisi M= calls
A HAL BYFoz, oW E A JAA= AME 5 Ayt Tl R ghel A1 W]
R AERske

fol R o] w7 vl FE 7 FAQ AE Q1 x}1e} mf /M 4= 2] 2}o] &} PEP 3625 H A&

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

asynchronous generator (8] 5 7] AU #@ o]€]) v] 5 7] Al & o] g o]E dlolE & E8]F+= 4. async
def 2 Aol A2 FAH Mot asyne for F2ALE 5 Q= A gEe W
Elyield 384L 233 tt= Ao trEUTh
B 057 AU ol El G el /1AW, o EH ol At w57 Avielolel ol e ol e &
e AU o m et o u 7 BEkehA) oo Ao, AT Bol2 MA BEIS G
v 7] Avd ol &4+ await £84F, async for w3 async with £ 28 4+ U5

e,

asynchronous generator iterator (8] 7] Ay & o] €] o]eg]#o]E]) B|E 7] Al d o] &7 Hte= 2.

9
=

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

Each yield temporarily suspends processing, remembering the location execution state (including local vari-
ables and pending try-statements). When the asynchronous generator iterator effectively resumes with another

awaitable returned by ___anext__ (), it picks up where it left off. See PEP 492 and PEP 525.

asynchronous iterable (8]% 7] ©]€]2] &) An object, that can be used inan async for statement. Must return
an asynchronous iterator from its __aiter__ () method. Introduced by PEP 492.

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

attribute (S]E2]HE) &3] AR HA S AHE ot ol 502 FxH & AA 9 d3st g dE Sof, 4Al

07t AEZ|RHE aE 7AW, 0a X ™ F=H U

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] €] ©]E]E) An object that can be used in an await expression. Can be a coroutine or an object with
an__await__ () method. See also PEP 492.

BDFL A#}d] 22 £ 41 =2 A} (Benevolent Dictator For Life), = Guido van Rossum, 3} 0] % 2] ZA] =},

binary file (W} o] 28] 2} ) A file object able to read and write bytes-like objects. Examples of binary files are files
opened in binary mode ('rb', 'wb' or 'rb+'), sys.stdin.buffer, sys.stdout.buffer, and
instances of io.BytesIOand gzip.GzipFile.

str AAE 932 5 Qi 9 Aol AL B aE Y ® FEFHAL

borrowed reference (" & ZF=x) In Python’ s C API, a borrowed reference is a reference to an object, where the
code using the object does not own the reference. It becomes a dangling pointer if the object is destroyed. For
example, a garbage collection can remove the last strong reference to the object and so destroy it.
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Calling Py_ INCREF () on the borrowed reference is recommended to convert it to a strong reference in-
place, except when the object cannot be destroyed before the last usage of the borrowed reference. The
Py_NewRef () function can be used to create a new strong reference.

bytes-like object (B} o] E €7 ZJA)]) bufferobjects & A| P32 C-91<5 HH S A2 E T 4= 9HF T
2] % memoryview 4 Zﬂ££ =&09]il bytes, bytearray, array.array AAEL
oh Wl =R AAEL wol ] Hlol e S TRt olg] 7hA] A4S AHEE 4
Mol shel 2 A, ~AL B3 A4 e AS o] YL

o A4t violul g dlolE 7 7t A d Q7 i Uth o]d Ao AgAe FF «eal-
2 7] vl EGF AR et 2@ T YT 7HH W3 Ao A2 bytearrayﬂ—bytearray./]
memoryview 7} O]Aqr/]' o2 A4tEL mlojy g ol 7 & AR (“8)7] A& nlo|ELEHF
AA) A AFH=E Q72U o] AEQ] dZ = bytes? bytes AR 2 memoryview 7}
AESIES

bytecode (H}o]E T &) Fo|H AA FEE=dlol|E FEE 731U 5 =4, CPython QB Z 2] E 9| A }o] A
Z2 IR YR FIYYh H}O]E FEE .pyc Lo A Hof, T2 HdS F AR AP uj
o] el x] A ThE U T (&2 o) A BEo] E Ci«] AAIGLE 3T JdFUTh. o] “F A" =
Zr ulol E I = o th 33t 7| AE A3 ”3} W 71 A A AdE g B YT vl E I ==
A2 T2 Fhol A 713 7] Aol A & ZLE F 2102 7| slA| T, Fo] A vl 3 Thel| A o A & gt
Zlof =28l oF g th.

HlolE = Yol el 552 dis BE AW A e] g Uh

callable (Z2]¥) A callable is an object that can be called, possibly with a set of arguments (see argument), with
the following syntax:

callable (argumentl, argument2, ...)

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

callback (%)) Azt ALds = n)ale o] Al Ao A A3
i ef

AT AL Ao B e E Bt

y =]

At s = e

coercion The implicit conversion of an instance of one type to another during an operation which involves two
arguments of the same type. For example, int (3.15) converts the floating point number to the integer 3,
but in 3+4 .5, each argument is of a different type (one int, one float), and both must be converted to the
same type before they can be added or it will raise a TypeError. Without coercion, all arguments of even
compatible types would have to be normalized to the same value by the programmer, e.g., float (3)+4.5
rather than just 3+4.5.

complex number (52452) 953 A4 A 2~d o] S0, E’_% AL AR} s oz xd
FYth R AFd e A (-1 AFDHE F3H A, FF o= li F o A=
2 AL ol 2 T4 LU 2E FESE S AT A5EE 5 AR
2o 71Ut} o & S0],3+17. math REY BA4 o] 83 W, cmaths AFR 3T
B B8 U £2 L #3H Uth LRI 274 BRGH, A2 A5 FA
A= 25Ut

context manager (8]~ E 2] %}) An object which controls the environment seen in a with statement by
defining __enter_ () and __exit__ () methods. See PEP 343.

context variable (1E] A E W 4*) 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 (J<%) ¥ ¥ = A3EH3| C- Oﬂﬁ\—(C-contiguous) o] A} = E & A< (Fortran contiguous) 4 W] <5 0]
g AAZ YT A HFH = C-A%5oldA TEZR ASYUh A wjdolA, FEELS
A% ol A5, 0004 A 2ok @ 2 Aha o6 0] Aol = v 2.2 o 5 5 o] of ] o Tkl

69


https://www.python.org/dev/peps/pep-0343

Extending and Embedding Python, £A| B{% 3.10.18

C-A%5 Mg, R 4 TAHUZ FESES YT o npA] 2 AE A7} 7p2d whe] gyt
stA| gk 2 EZ AL v oA =, A AR AP A7 74 wike] ¥ g o

coroutine (ZF¥l) T FE 2 HBHEFE 1 dutstd FeJuth A BEFEL 3 A Fo| A A Y3 T2
AGo| A EEF Ut TFEHL o Z A FZANA DAY, &5k, NS 5= dF Ytk o] A
S8 async def 202 33T 4 95Ut PEP 4928 H AL

coroutine function (T F¢ ¢+4) T8 AA & ST 5. TFH g4+ async def 722 F 9
H 4 93, await 2 async forQtasync with 7|9 =S £33 4 &5 U th o] AE L PEP

492 of) o} =15 YL
9l

CPython }o]% 272w dojo] 37 2 ol & Qld], python.orgol| A ¥l £ Yt} o] 73S Jython o]}
IronPython ¥} 22 t} & 7 qd g7 1% cq1 £ o] “CPython” 0] AFEE Y D]-.

decorator (| Z#|o]¥]) T} & F+E = &4, BF @urapper = AMSSH S WSt o ®
ALFA Utk dZg °)E e &3 9= classmethod () -»]-statlcmethod ol t}.
H

sl ol 8 B B Mo P LYY e F G5 A n g S5k

def f (arqg):

f = staticmethod (f)

@staticmethod
def f (arg):
22 Mol Fezol e EASA T, @ A 2 Gt vl Z g o Blof th & 5 AAIF &2 o
EEEE I FEPEREL EERE

descriptor (tJ A~ =3 3]E]) Any object which defines the methods _ get_ (), __set_ (), or
__delete__ (). When a class attribute is a descriptor, its special binding behavior is triggered

upon attribute lookup. Normally, using a.b to get, set or delete an attribute looks up the object named b in
the class dictionary for a, but if b is a descriptor, the respective descriptor method gets called. Understanding
descriptors is a key to a deep understanding of Python because they are the basis for many features including
functions, methods, properties, class methods, static methods, and reference to super classes.

t2aHe o =S of 3t 24| 3F W &2 descriptors U T] 2 3 E] AF&H oFU A o] Y31 T}

dictionary (5 414 2]) An associative array, where arbitrary keys are mapped to values. The keys can be any object
with__hash__ () and__eq_ () methods. Called a hash in Perl.

dictionary comprehension (541 2] A=z A) olH 8 gl& 24 JAY RE At 235
go g g E usel= 438 . results = {n: n ** 2 for n in range(10)}<
fhn xx 20 Migd 7] ng 23t 9 U2 E 44 FU T comprehensions & FZ25HAAl 2.

dictionary view (5 A 2] H) dict.keys (), dict. values (), dict.items () WIAE7I S8 3+ 2
Zﬂae —l}‘:]LﬂE] ‘I'I"‘j/]'J—-"l"qu o]/\ax_. —1}‘:]]’_1 %‘éoﬂ EHB_]'%—I?J.‘]IE‘FE Zﬂ—'—o}ftﬂ» —1}‘:]
ek 948 o, 3ok ol MstE Mg At EYULh SAd Y HE 2D JAEE iR
list (dictview) & AF23HH = Ul dict-viewsS H A S

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

duck-typing (Y E}0]33) Zu}& AEHH A E 7HH =4 Aot AAY S KA = =z2 089
2EHY; Al TS mA =Y ﬂEﬂ%Eﬂi%ﬂ AU ARG EHUTH (“LB A" Hola 2 2 A7
A, DAL 0 Th) S A R oAlo] AefH o) AE RPN, T AAY nEE O
Aol XL FSTorM FTAANLS s MAE 4 Gt g EFo]FL type ( 0]\/]—151nstance (0
S 087 GAE MU (AT H ol B0l 24 ol 4 2ol & 5 4 3800 59150}
ghUtt) thAloll, hasattr () AARYEAFP =2 18 W S &4 th

EAFP 35]2tR )= S 45 12317 7} 4 o} (Easier to ask for forgiveness than permission). ©] 3] 2 4 Q&=
Thol W 7Y /\E}%_wg SHIE 7Y o]ERRES 2AE /MAE T, 1 710l S o9 E Fs
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Uttt o] Z3starmhg 2B 2 W2 tryftexcept 2 EAZ SR H Y o] HAHYLC
o} 22 T} We Aof ol A AF A H £ LAYL 2EF ) o u] U T
expression (33 42]) oj®H gtog Z33 4 Q&=
o1 F, o ERRE oA 2, A, Y E
OE WS Aotz o, BE o] 7
SR ABEF UE £ 50 Aok e £ 29
l ]

f-string (f-—l.t'_—x]-?_;."_) "YU R B Qo] 29 —.—X]-Oﬂ HEES T3] “f-2xg ot Had, 29
£2% 2E Y o 29T PEP 498 & HAI 2.

file object (3} 2} A]) An object exposing a file-oriented API (with methods such as read () orwrite ()) toan
underlying resource. Depending on the way it was created, a file object can mediate access to a real on-disk file

or to another type of storage or communication device (for example standard input/output, in-memory buffers,
sockets, pipes, etc.). File objects are also called file-like objects or streams.

AAZ = A 7Y 3 AR =0l d5Uth E(raw) vio] v 2] 312, ¥ 5] = (buffered) vfo] ] 2] 3+,
Gt 59 o 59 QElH ol A% io REOIA AR UL 7Y AAE BEE PR L
open () T4E 2E AYYrch

file-like object (3} 47 AA|) 3 A4 9] vk 2.

filesystem encoding and error handler (3} ] A~ ¥ 917 )3} of|2] 2]2]~7]) Encoding and error handler used

by Python to decode bytes from the operating system and encode Unicode to the operating system.

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

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

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

AL AIY T HAL
finder (3}Q1t]) d2EE BRES AT 20 & Fo il A== A

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 (84 i 4l) 714 17k A4 2 RSk 304 Al A4 Al 4k // o

o E Eo], BAA 11 // 49 FL 27t EH A A4 u} Aﬂo 2.752 E8EF Yt} (-11) // 4
7F-2.75€ W ¥ st -30] Fol Fo3oF gt} PEP 2383 KA 8.

function (3) S Z =}l 7 01 A @32 25 999 . fiAG T o) AY A AEE 5 e
g, vir] o] Addo A2 4= Q& Uth v 7] 4 9 v Al = 9} function A AT H A L.

function annotation (42 o] ;=B 0] 4) §H4 vl 7wl 41} whsk ghe] of 1o o] 41

FoojrHolde ditdor § dE 2 ARFULE o8 Sof, o] §4E T 9 int ARE
o5 Aoz 7UH 1, SA6] int B GL E Aoz APtk

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

B4 o i H| o] A B2 function oA AW}

o] 7]-s& A3 W of mH o] 4 I} PEP 4845 2 3HA 8. EESE o] 'l H| o] A of] Tt $F B H Al =
annotations-howto = ZFZ 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
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__ 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)

garbagecollectlon (7}B]x] 27) o AFLE A O W RS uhgels A} oML AR B4 2AT
Iz ¢8-S BARL BL 5 JE <8 HA £A7E 53 A £ A4S SRR H A
FA71E gc 4_%; A& A Ao e 4 g5yt

generator (A oE]) #|LU]d o] E] olElg|o]E] & B e g, dulatA]E Hol=g), 99 g
€ WEL yield BUAL 2T Wo) BEYTL o] 5L for-FZ 2 X887t next ()
gz g o sty Ad £ Qs Ytk

B A& A ol E olE g olE & Ztel YT o &

HE A o E F5E stel A A, oW £
ah ol vl 7} B e A) ke 7

Each yield temporarily suspends processing, remembering the location execution state (including local vari-
ables 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 (A& o] €] 33 2]) An expression that returns an iterator. It looks like a normal expres-
sion followed by a for clause defining a loop variable, range, and an optional if 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 (AU 2] &4) 2L A4S A E 2 FESo tisf] L3 o] 42 TAHAY T 55
A] A

o o FH o] AHE B A= H 2T
At 2]z €018 %3} functools.singledispatch () Bl 23| 0B} PEP 4435 H A Q.

generic type (A1 &) W70 W3 & 5 9t @ AWAOE List hdict 9 2L AE oY Zeh 2,
g 2=9} o wglo] Ao AHgFUTh

For more details, see generic alias types, PEP 483, PEP 484, PEP 585, and the t yping module.
GIL A< 9lEZ2]E = & BRAQ

slobal interpreter lock (1%} QIE|Ze1E] ) & W] &3] shipe) A} sholdl o] =
£ 1457 98] CPyhon AE 22 7 AHS 5 B AU S, (dict 9} 2L 58
o) A4 ZAol KA A0 2 5 A oA 2ol tha] 9 SHE S BHE o] Al CPython 7%
BEU ez E A4S FIE AL dHZHE nEad Sae] G4 HEE o, o
m2 AN A AZSE B B B R AP

SEAIEE ol | B RE S, EFO| Y AR BT, dFolu e 22 ALt R oRA
o= GIL< J‘#O}E% AAE IS U E3LTVOE o= 34 GIL2 Rbd gyt

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.

hash-based pyc (3] 4] 7%t pyc) #5442 3L7] flall s 25 9pd o) HF 574 AlRbe] obd S|AIE
AHg3l= vlo| E I = ) A] 3FY. pyc-invalidation& 2 3FA 2.
hashable (3] A] 7}°5) An object is hashable if it has a hash value which never changes during its lifetime (it needs

a__hash__ () method), and can be compared to other objects (it needs an __eq___ () method). Hashable
objects which compare equal must have the same hash value.
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7]
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N
bt
ok
rr

AA; sl gkl o)A} 2 AA Yot

interactive (0 2}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 (QE]ZE|E]=) violE I & HAspd o] &4 wfjFofl 2 F-F 0] S8l A] 7] = SFA| v, 3ho] A
2 A3 A7t 0}‘4‘3}0151 2B dojduUrth o] A2 BAHoE Ay 5 LS VEA I,

srstde A4 ARY 2 Aok FAUTh 1z a0 £ 1 A4 AW 7]§a}x]u¢, S
P doj=HE 7&«4;_ @015‘:}%‘1}3 R 1vA= Rz AR 7]‘3 Zt& Ut EHﬁ]r T HAS.
interpreter shutdown (QE]Z2]g] £8) & ET‘D‘}E‘rh A& WS, glo]# A Z el EHE= E-E3 A 7]
24 O}LH],;E ol o 7HA] T2 YR FREA L2 RETFIH LSS dAFOE 9
‘)'%“4 ok T3k 7| A =AY E 0434 H T EF ok AR A G 9] 3} APt weakref F 9 of] Q=
FEEY AYES A A = AFUTE T8 A7) X AAH = I g ES e 5
A, 270 &3t AdEC] ¥ 75 &E 5 A7 WEY YT (T3 o & 2ol B g

2Eolu A AAE=dYh.
AHZPE £2Y FH FAL AYFHE  main REOIUAIHENAF S ZUYE= AUt

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

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

iterator (©] €] ©]€]) An object representing a stream of data. Repeated calls to the iterator’ s __next__ ()
method (or passing it to the built-in function next () ) return successive items in the stream. When no more
data are available a StopIteration exception is raised instead. At this point, the iterator object is ex-
hausted and any further calls to its __next__ () method just raise StopIteration again. Iterators are
required to have an __iter__ () method that returns the iterator object itself so every iterator is also iter-
able and may be used in most places where other iterables are accepted. One notable exception is code which
attempts multiple iteration passes. A container object (such as a 1ist) produces a fresh new iterator each
time you pass it to the iter () function or use it in a for loop. Attempting this with an iterator will just
return the same exhausted iterator object used in the previous iteration pass, making it appear like an empty
container.
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typeiter ol T 2} 3 W& 0] 9l Th

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

Z | o] A (collation) &=+ 7 & (sorting) ©] L} ¥l & (ordering) ol AH-&-=]

key function (7] ) 7] S E = =
t} o & £9], locale.strxfrm() 2 Z2A I EZ S EE=
o

=g sFe 29

L S0 ABA A A AL Fol=AE Aoty Al 7] 45 whot
=94t} o]A A5 E=min (), max (), sorted(), list.sort (), heapg.merge (), heapq.
t

nsmallest (), heapq.nlargest (), itertools.groupby () ©] Ux5Yc}

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

keyword argument (7] 9] & 21z} QA & H A Q.

lambda (Fth) 522 o] ghol FHAL sl Tel4 0w T4H oS P el B4 et
U= B WL lambda [parameters]: expression YUYt}

%
]

2~
T

LBYL % 7] Aol B2} (Look before youleap). ©] T ~E}L L T & 0|} 23] & 317] Aol HA|H o7 AFA

ZAEE AU o] 28 Y2 FAFP H2 A o= 1, @2 if 7o SR EZ A A Yt}

U5 28 E oA, LBYL 2R “H 717 eL < 7]” o)l A 2712 WA 2 o] Ids5Y

th o] & 0], FE if key in mapping: return mappinglkey] & AA} 3o, A 2k %3]

Ao, tb2 28| =7} keyE mappingol| A Al Astd A& = JF Utk o]# o]4+ E o] EAFP
A2 A TozH 128 4 dw ok

locale encoding (2#A)| Y 2137 Y) On Unix, it is the encoding of the LC_CTYPE locale. It can be set with
locale.setlocale(locale.LC_CTYPE, new_locale).

=

On Windows, it is the ANSI code page (ex: cp1252).
locale.getpreferredencoding (False) can be used to get the locale encoding.

Python uses the filesystem encoding and error handler to convert between Unicode filenames and bytes file-
names.

list (2] 22E) A built-in Python sequence. Despite its name it is more akin to an array in other languages than to a
linked list since access to elements is O(1).

list comprehension (2] AE Az 3 A) A|AA9 Q45 AR EE=dRE gty 1 20E g AER
3= 70838 . result = ['{:404x}'.format (x) for x in range (256) if x
% 2 == 0] £ 004 255 AFoo] gl B550) 1675 (0x) & 23E EAGY PJ2ES
WY if 22 AT 5 95Ut AR, range (256) o Yk BE 247 AP ek

loader (£T]) 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.

magic method (W] 2 | A =) E5 v A= o] v FA A<l Hj23 L

= .

&

mapping (W8) A container object that supports arbitrary key lookups and implements the methods specified in
the Mapping or MutableMapping abstract base classes. Examples include dict, collections.
defaultdict, collections.OrderedDict and collections.Counter.

meta path finder (W€} A2 5}91t]) sys.meta_path ¢ AMo] EFE v, vg A= 5=
Az =2 el o Bels o 971 BT g,
e 2 357 F 8= WA E S e A= importlib.abc.MetaPathFinder & E W
2o,

¢

metaclass (WEl Ze|2) S 29 S A AHY= ZH2 ol E, S IAYE, Hloa FHaE
o B2ES wtsUth HE ZY 2= o] A AAE oA ZPAE T A AL F UL gREQ
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o
TG W2 o2 Z Yol AHEHS YT

metaclasses 9| A ©] ZFA| 3 Y &S 28 2= Q)5 T)
method (WA E) S vl Stof| A Aojsl= . O S22 A2BE A JEZHEZA TE2H W,
IAEE N HA A (HE self g E8TH 2 A8 A AR S S UL T¢ o E=HE

AFZ EHAS.

method resolution order (W] 4] & Z & 4 A]) 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 al-
gorithm used by the Python interpreter since the 2.3 release.

module (25) stold 2=o] 243} th9) & Ggali A4, LELS 999 so] 4 AR S T o B
27 2oyt BES 9w Ao o) Holmew =gy

712 = BA L.

MRO WA= 274 =4 & HALQ.

mutable (Z7}¥) 7P AA = gho] M 4= A vkid () + ASA FAF

named tuple (V] Y = &) “named tuple(V] Y & FF)” o] 2h+= & A olg B2 E
g HEE AMESte] Ad A 35 9l 840 AN~ T 5 gl ol Fef 2o AEH YTt
Folup FEfxe = e 75 % IS 5 AF YT
time.localtime () #os.stat () 7} ¥h&3k gh2 £ 3sto], o2 WP o) vd = FEIUT

T o}2 o= sys. float_info Yyt

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

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

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

True

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

namespace (¢] 5 57H) W57 AZEH = A ol 32 AV E AP YT AAl SHE o5
T (A E A A) Batotyet A, A, | o] Fo]l dsUTh olF 3L olE T ES
WA A REdS ALY dlE E0], 5 builtins.open ¥ os.open() & 159 o5
F 7ol o3 FEPEYLE £ o] F FH2 ofH BEO| I4E FHIEAE B T oA
=T FA EEA o =28 St ol & 9], random.seed () =X itertools.islice ()
2t3l 2 1 35 o] 47t random ¥ itertools BE Ol o3 FEH o] HEHUTh

namespace package (0] & Z 7t 9| 7] X]) 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.

BEEZ HAS.

nested scope (38 223%) 2t 490N M4 E F2oE 5. o & So), 2 T4 U4 4
9 E FrE u2 5o dE MSES A2 TS YFUT P 2nns Ao B2
R, e 5 A Sheths Aol o sof gLtk A MAE L A R el Aol A g1

o

HFUh A 2, A9 A5 AY o5 Tl A ¢1al Yt nonlocal 2 v AT L9
2 & gy h
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new-style class (F+ €} Z#] &) Old name for the flavor of classes now used for all class objects. In earlier
Python versions, only new-style classes could use Python’ s newer, versatile features like _ _slots__ , de-
scriptors, properties, __ (), class methods, and static methods.

object () FH) (IEZREUZ) & 2 T2 (MAE) o] BH EE vlofE. =3 BE 7ok
Sl of 5 R Mol 2 2l A,
package (F| 7] 2]) AN EH EESo| U, AAH R AH Jﬂﬂ?‘]%% AT Ao s VeAHeR,
7] A= __path_ AEZFEZ} = ol REAYTh
At 71 A 2 ol 5 FX A = HAL.
parameter ORV) 91 (0 9A) Ao 57 S 5 9l 7 (o 2T ) &
Ao ol £ 2L AL, oA 25 AAAG S5
o A X-71¥ = (positional-or-keyword): 9] | Q1A U 7] 9] = 2l
Utk o] o] 712 FEf ] mi7f AUt A& Sl tha

}'i;ﬁa = ‘l" 2)\“\;__‘ ?_]X}—% 117@"2’
oA A foo &} bar:

def func (foo, bar=None) :

o A A-A& (positional-only): A X Z A FE = = AAE AZ UL A AL i AS-=
S A A HEO / EXE et 2 FH YT = JdF5 U dE o U

ol A posonlyl 3 posonly?2:

’def func (posonlyl, posonly2, /, positional_or_keyword) :

o 719 E-AE (keyword-only): 7]% ul A Ae AAE AZFYLE 7| =-A-§ w7
tﬁ—?%f&’“ Aol AUy 5= 1 1 o] 6‘}‘/}«1 71 -9 2] vl 7| H 4= —‘E—ZEHEJ@‘BHH

Ao 4 AdF ULk dE , TF2- o A kw_onlyl £} kw_only2:

def func(arg, *, kw_onlyl, kw_only2):

o 7VA-9 A (var-positional): (T}2 w7l A4S0 &3 A] o] u] gtol5o] 7 9] 2] AAE T 3l)
Asd = d=AA AAEY g AA2E A QT o] mj7f 4= w7 4= o] 5o
* 5 Qo] & 04/\1 Ao 5= AdFUth A& 0] th3 oA args:

’def func (*args, **kwargs):

o 7HA-71 91 = (var-keyword): (TH2 vl 7H@—/F%°ﬂ o] &f| Al o] m] HrolE 3] 7] Y = A=l B 3l)
A 7 Ae 4 A 719 = QA= AR FULE o] w7l = w7 | o] Fo
Srofl 244 Fo)E 4= JdFYth o E 50 Y9 oo A kwargs.
A= AE A AAES A 728w ot A Aol A A5 AAES AR S = A5
yrtt.
At “‘101@ T, Ak} W7 ao] Zfololl 2= FAQ A&, inspect.Parameter Fe# &,

function Z, PEP 362% H A Q..

pathentry (G2 QlE®]) 4= 7|0t 32T 7t dXE @ RESZ 37| A8 Faste J2E 4= 49
BhLEe] .

path entry finder (7 2 N E2] 3}2t]) sys.path_hooks o] Y= ZHE
=3 Y A, FolA A2 dEE 2 RES FE=UHEE EY JdsYTh
AEAEY IRIEEo] FHe}=mANEES

path entry hook (7 2 Q1 E 2] &) A callable on the sys . path_hook list which returns a path entry finder if it
knows how to find modules on a specific path entry.

path based finder (7 2 7|49 5}elt]) 7] &2 ve} 4= 3} H & F s, Y2 E F = oA BE
S4th

path-like object (A 25 ZAA) 3L A"l A2 E Yetdl+ A, A2F AA = A2 E YEHW & str
Ubytes AA o] At} os.PathLike T2 EZS T HSE= AA YY) os.PathLike Z2EF
= A Q3= AR os. fspath() FFE SE3NA] str Ubytes FL A 2H AEE HSHE 5

j=
)]
AN
**E 1=

importlib.abc.PathEntryFinder | Y3 4T}

tlo
AL
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PEP

g5 Ut} Al os. fsdecode () 2 os.fsencode () = Z+Z str Y bytes 23S B 33+
AH8E 4 Jds5 Utk PEP S92 =95 5yt

ko] & 7H A A <t PEP“ s}o] A ﬂv‘/]ﬂoﬂ AREAZAY Tl M e T 22 AN EE ST
ol st 22 715 AWt A A YUTH PEPE AME 7] 5ol thgt 123 7| A g 2
AE Xﬂ%'—ﬁﬁo]i%qu-

PEP= F8 ME L 7|5 At FA o st AFUE 48 3t Iho] Ao E013 A A
AR AR BE7] A 7|2 WM AYUS Y YT PEP 24 2= AFUE WA ol & F+53taL
W) o) A2 EAS T Aelol gt

PEP 1 FZ3HA &

portion (E41) PEP 420 o] 4 51 & 21, 0] $21 5171 0f o] 81 shufe] vl 2ol o9l

sk 5o A3 (dp Aol A AH £ A% s Th.

positional argument ($] 2] €12} ¢1x} & H A Q.

provisional API (213 API) 773 API&= R & glo| 2|9 A 334 Hgo g HE A3 A9
durth AEFH o]~ & W37t oq]ﬂﬂx]‘— AT IR Aol gtal FAH &= § T o] AAE ]
d oot A4St &}74 Z 3 o] F A A ?%t HAol dojd syt 2 HAF S EZ
g3 r dojupA = gkZ AP Ut — APIE =385H7] Aol X Foietal 224 23]
HAE Aot dojd Ayt
A APIMZAE, A7 T80l FAHA e WAL “H T s 0= gAY YY - BE
A8 E ZA Sl tial 4A 55 é%%x] Sl o= EE AR AYE YT
ol AAt= ZE Bol By gt LM A F AR E A LRl HE e A G AT YRS
U th o 2R sk 82 PEP 411% B2 gyt

provisional package (23 #]7]x]) FA API S HA 8.
Python 3000 (2}o]%1 3000) s}o] % 3.x wiaz 2ble] ¥ (M 39 vj27F ¥ v o]of7|d Al & of vt

Pythonic (3}o] M th-2) ThE A o] EollA AREA <

o] o] 2olt}) o] AL “Py3k” 2 %omﬂgwq
= Al gtol A o

o)l A 7} AL F AGE & o] DE% 7y7tel w}z%o}omoab}iziﬁ = Sof, ol ao
M A 28 oHPL for £ AFEAlA olHeEe RE 248 25 AYUL. e gL
Qlofol = o] d BRE] TR YO B2, o] W] o5 atA] e AFREL tAle] 74} LB 2

ARESH7| = gyt

N
L
I
o

>
ofo
:(?L_“
>

M

[

rulru

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

o 289, Fol Ak B oI5k

for piece in food:
print (piece)

qualified name (F 7318 o] F) ZEQ A 2T Zo|A BE HoH S, g, A= o

=x
‘427 HolFr o2 739 oIF. PEP IS AN AL B . 249 Bost Zah 29l A5
o, A3 ol §L AR ol I} Ttk

>>> class C:

class D:
def meth (self):
pass
>>> C._ qgualname_
YC’
>>> C.D.__qualname_
'C.D'
>>> C.D.meth. gualname
'C.D.meth'
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EEL 7tel7l=d AMEE ul], &A 3] AFSH ol & (fully qualified name) & RE 22 I 7| A&
EgHN BEE b A0 2T o] 2L o u gt} o2 Sof, email.mime. text:

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

reference count (2= 314*) The number of references to an object. When the reference count of an object drops
to zero, it is deallocated. Reference counting is generally not visible to Python code, but it is a key element of
the CPython implementation. The sy s module defines a get refcount () function that programmers can
call to return the reference count for a particular object.

regular package (J7F 3]71A]) __init_ .py $¥¢L 233= e o 2L AFAQ 9 7] A.
o5 FF A7 A = HA 8.

_slots__ 2 YFYg AAQdY, A2B A AEHREESES A 572 v AAstr A~

HeE|E A AT zH HRe S E0stE 2395 FUt Q7] 97]&= dHAH o] Eﬂig‘

AFEE71 7 F 72 HolghA, W R elof] T S8 T2 oA W o] A
Eg3 4oz AL Ao 2SUTH

sequence (XA] @) An iterable which supports efficient element access using integer indices via the
__getitem__ () special method and defines a _ len__ () method that returns the length of the se-
quence. Some built-in sequence types are 1ist, str, tuple, and bytes. Note that dict also supports
__getitem_ ()and___len__ (),butisconsidered a mapping rather than a sequence because the lookups
use arbitrary immutable keys rather than integers.

The collections.abc.Sequence abstract base class defines a much richer interface that goes be-
yond just _ _getitem__ () and _ _len__ (), adding count (), index (), _ _contains__ (), and
__reversed__ (). Types that implement this expanded interface can be registered explicitly using
register ().

set comprehension (& AZ A A) olgHE & 84 AAY IHEE A3t 238 F2 IS
vlEkst= 7FF 3 WY, results = {c for c in 'abracadabra' if c not in 'abc'}
=E22499 A% {'r', 'd'} = AA T} comprehensions2 FZ A A L

single dispatch (A2 t]AF]x]) T3 o] 31+ A=t ol 7| x| A 2AY = A|v| 8 &< tyas)z]9
3t ey,

slice (&glo]l2) HE AJdx o] dRE 283t AA|. Setolats ME ATYE B7|H S AFSEIA @
FUTh variable_name[1:3:5] A9, [] oA A 7o) RAHE FE o E Fedth d2s
HNEA23PE) Z7HS WRAOE slice AAE AL FUTH
P

special method (54~ WA &) 3} ]
E. oA HAEE F e BER AlFSAL U o]
o] FAZ BEolA st

statement (73 42 29 E (Z =9 “EF (block)”) & T+t FEYUTH B2 234 o] A
HER=2=3 /\]-ilb‘]-t o8] 7HA] 2 E 59 gyt 7Fd if, while, for.

strong reference (733t 2 X) In Python’ s C API, a strong reference is a reference to an object which is owned by

the code holding the reference. The strong reference is taken by calling Py_INCREF () when the reference
is created and released with Py_DECREF () when the reference is deleted.

2o AR 529 A
Saage

4= W] A] = = specialnames

_llm _1.11:1

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

0P HE E HAS.

text encoding (B) A E 21 37.YJ) 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”.
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text file ()2 E 51Y) str AAE 0 & 5+ J= 9L A4, 55, dAE 5142 AA 2= ulo]E 2|
dolel 2 A AA AT FlAE <5y & A% AFUTE G2 e et daE RE
('r'EEx'w) 2 dd 3}Y, sys.stdin, sys.stdout, i0.StringI0 9 AAEHAE &5+ AH

U,

Sl =GR AA B Q3L 5 A D AR AN £ vol V2] Y £ B2 AL,

triple-quoted sring (415 T3t 1 EAhed) WL () 1} SLGEL ) A 2 FelA 24 2
g E ShE Sl Ao 9t /%2 ABSHAL AW, o @ 74 ol ol A Lt 9
FUth o] 2ol = ﬂﬂ%%ﬁ%ﬂ%ﬁ4%ﬂ%£%%ﬂ“®ﬂ£§‘¢“C%%HLQQ
EAE 2K GUE ol Zo] AW 5 QT SAEYLS L0 53] 2R J5Un

type (3) The type of a Python object determines what kind of object it is; every object has a type. An object’ s
type is accessible as its __class___ attribute or can be retrieved with t ype (ob7j).

type alias (% o 20| 2) FE AR ]I 5ho] WS o} A& W] Fool.
Yo Qelol 2t g F=E desste o R8T o S

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

et 2ol | 97 97 BE 5 gk

Color = tuple[int, int, int]

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

Fo

typing3} PEP 4845 ZZ5}1A)
type hint (g 31 &) ¥, Fe2 o ELHE ¢ 3 v 7|
H| o] A.

Type hints are optional and are not enforced by Python but they are useful to static type analysis tools, and aid
IDEs with code completion and refactoring.

E

of i

rlr

b urE kel s 9 A3

2 W= xﬂﬂ‘é}J_, Ad Ay, F2 oJEYHE 9 549 3 IE L& typing.
get_type_hints () & AFR-3} Onf‘ﬂ 4 dsyth
o]ﬂ%%ag%a%wymnqﬂPEP%4%i‘ o 2.

Az

universal newlines (FUHA & 37) USH 22 AES EF £9 ZOo7 A3, HAE AEHS
A= HE: 92 7H?5“ A "\n', A== FE '\r\n', A N EA] F& '\r
Z7}A Q Abgof] B A= bytes.splitlines () ¥yl ol 2} PEP 278 9} PEP 3116 & A &

variable annotation (4> o] - EH|o] ) W == S 2 o] ERHEQ o] - H| o] A.
HeE T E S oEZREY o HolAS Euj o g2 A8 AU

B
2

class C:
field: 'annotation'

WS ofmHol e Ao o AER ASPUTh & Fol, o] WSt int S AL A=
71HE U ek

count: int = 0

LE o)A 22 A A annassign of| A A F o}

S A= 3 o] =H o] 4, PEP 484 @ PEP 526 F 2 31A| 8. 3k o] - H|o

¥ A}4] = annotations-howto & 2F3 o}AﬂL.

nvironment (7} 37) ho| W ALE A9} S8 2 g o], 7o A AH O A] A E = T2 F}o)
g ZEIWEY 5”011 B FA GOoHA, Fto| A vl £ 7| A= AA AL 1 o

S A8 A5 e e, g How AeE A9 a4,

—

Gl

-l%i

Aol
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venv & HA| 8.

virtual machine (7}4 7] 4]) 2z E9|ojvto g o HFE. oM 7H 7| Al= violE & HAstd
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APPENDIX B

About these documents

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

A X8} o] & 98t A Q1 N Thol A LA &} v A 2 A A 0 2 AP B ALY =8 YUt 7] o 3
3 AT, o] Wy o tf 3 A B = reporting-bugs 3| ] A& il } Al L. A 22 AL F A= A AL
g eH
Te BEol 7 Be 7ArE =y

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, Z2.2] tf ¢F 51} o] 8 2= (Alternative Python Reference) 3 2 A E of] A Sphinx 7} -2 o} o]
ol A9l Uh

B.1 Contributors to the Python Documentation

of, sfol A %F gholBefg] ¢ sto| A A A 7| FUTh 7] Ao FEAH QA
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3
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C.1 AZEQ0{Q A}

Python was created in the early 1990s by Guido van Rossum at Stichting Mathematisch Centrum (CWI, see https:
/Iwww.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 Python-
Labs 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/pst/) 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 [ &Y ALK} GPL compatible?
09.0~1.2 | n/a 1991-1995 | CWI yes
1.3~152 | 1.2 1995-1999 | CNRI yes
1.6 1.5.2 2000 CNRI no
2.0 1.6 2000 BeOpen.com | no
1.6.1 1.6 2001 CNRI no
2.1 2.0+1.6.1 | 2001 PSF no
2.0.1 2.0+1.6.1 | 2001 PSF yes
2.1.1 2.1+2.0.1 | 2001 PSF yes
2.1.2 2.1.1 2002 PSF yes
2.1.3 2.1.2 2002 PSF yes
2.2 o] AF 2.1.1 2001-3 4] | PSF yes

Z31: 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.
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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.

shol ol E3E Q¥ sz Eo]of & ThE gholAlart A §F U Th ehol Al s eho] Al 2ol o35}
= =9} G EUTh ole @ eholllA0) B9AT R m e £u g o] o e 2ol 4l

-
SRR EXEREY

C.2.1 PSF LICENSE AGREEMENT FOR PYTHON 3.10.18

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

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

3.10.18 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 3.10.18 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 3.10.18 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 3.10.18 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
3.10.18.

4. PSF is making Python 3.10.18 available to Licensee on an "AS IS" basis.

PSF MAKES NO REPRESENTATIONS OR WARRANTIES, EXPRESS OR IMPLIED. BY WAY.
—OF

EXAMPLE, BUT NOT LIMITATION, PSEF MAKES NO AND DISCLAIMS ANY.
—REPRESENTATION OR

WARRANTY OF MERCHANTABILITY OR FITNESS FOR ANY PARTICULAR PURPOSE OR.
—THAT THE

USE OF PYTHON 3.10.18 WILL NOT INFRINGE ANY THIRD PARTY RIGHTS.

5. PSF SHALL NOT BE LIABLE TO LICENSEE OR ANY OTHER USERS OF PYTHON 3.10.18
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FOR ANY INCIDENTAL, SPECIAL, OR CONSEQUENTIAL DAMAGES OR LOSS AS A.
—RESULT OF

MODIFYING, DISTRIBUTING, OR OTHERWISE USING PYTHON 3.10.18, 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,.
—O0or any

third party.

8. By copying, installing or otherwise using Python 3.10.18, Licensee.

—agrees
to be bound by the terms and conditions of this License Agreement.

C.2.2 BEOPEN.COM LICENSE AGREEMENT FOR PYTHON 2.0

BEOPEN PYTHON OPEN SOURCE LICENSE AGREEMENT VERSION 1

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

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

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

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

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

6. This License Agreement shall be governed by and interpreted in all respects
by the law of the State of California, excluding conflict of law provisions.
Nothing in this License Agreement shall be deemed to create any relationship of
agency, partnership, or joint venture between BeOpen and Licensee. This License
Agreement does not grant permission to use BeOpen trademarks or trade names in a

(Th5 sTeTATol A1)
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trademark sense to endorse or promote products or services of Licensee, or any
third party. As an exception, the "BeOpen Python" logos available at
http://www.pythonlabs.com/logos.html may be used according to the permissions
granted on that web page.

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

C.2.3 CNRI LICENSE AGREEMENT FOR PYTHON 1.6.1

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

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

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

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

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

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

This License Agreement shall be governed by the federal intellectual property
law of the United States, including without limitation the federal copyright
law, and, to the extent such U.S. federal law does not apply, by the law of the
Commonwealth of Virginia, excluding Virginia's conflict of law provisions.
Notwithstanding the foregoing, with regard to derivative works based on Python
1.6.1 that incorporate non-separable material that was previously distributed
under the GNU General Public License (GPL), the law of the Commonwealth of
Virginia shall govern this License Agreement only as to issues arising under or
with respect to Paragraphs 4, 5, and 7 of this License Agreement. Nothing in

(ThS slTeTATol A1)
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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 3.10.18 DOCU-
MENTATION

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

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

C.2. mlo|¥ofl HMASIHLE AHZSE7| 218t 0|8 22 87




Extending and Embedding Python, £A| B{% 3.10.18

C.3 ZBHEl AT ES|o{0l cHSt 2lo|MA U SOl
o A2 ol W Wl ol = FE AR £z Eolol T3 BAAHA T Soj 1 Y ol Ao
919 2yt

C.3.1 HE2M 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. 1IN NO EVENT SHALL THE COPYRIGHT OWNER OR
CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL,
EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO,
PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR
PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF
LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING
NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE OF THIS
SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.

Any feedback is very welcome.
http://www.math.sci.hiroshima-u.ac.jp/~m-mat/MT/emt.html
email: m-mat @ math.sci.hiroshima-u.ac.jp (remove space)
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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|S7| &3 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,
INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS, IN
NO EVENT SHALL SAM RUSHING BE LIABLE FOR ANY SPECIAL, INDIRECT OR
CONSEQUENTIAL DAMAGES OR ANY DAMAGES WHATSOEVER RESULTING FROM LOSS
OF USE, DATA OR PROFITS, WHETHER IN AN ACTION OF CONTRACT,
NEGLIGENCE OR OTHER TORTIOUS ACTION, ARISING OUT OF OR IN
CONNECTION WITH THE USE OR PERFORMANCE OF THIS SOFTWARE.
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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.

o7 e 29 ARke TRFUTH

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

Python 2.2 license.

Author: Zooko O'Whielacronx

http://zooko.com/

mailto:zooko@zooko.com

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

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

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

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

Permission to use, copy, modify, and distribute this Python software and
its associated documentation for any purpose without fee is hereby
granted, provided that the above copyright notice appears in all copies,
and that both that copyright notice and this permission notice appear in
supporting documentation, and that the name of neither Automatrix,
Bioreason or Mojam Media be used in advertising or publicity pertaining to
distribution of the software without specific, written prior permission.
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C.3.6 UUencode & 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 ¥ T2 A &2

xmlrpe.client REL 04T 22 79 43S ¥R

The XML-RPC client interface is

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

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

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

SECRET LABS AB AND THE AUTHOR DISCLAIMS ALL WARRANTIES WITH REGARD
TO THIS SOFTWARE, INCLUDING ALL IMPLIED WARRANTIES OF MERCHANT-
ABILITY AND FITNESS. IN NO EVENT SHALL SECRET LABS AB OR THE AUTHOR
BE LIABLE FOR ANY SPECIAL, INDIRECT OR CONSEQUENTIAL DAMAGES OR ANY
DAMAGES WHATSOEVER RESULTING FROM LOSS OF USE, DATA OR PROFITS,
WHETHER IN AN ACTION OF CONTRACT, NEGLIGENCE OR OTHER TORTIOUS
ACTION, ARISING OUT OF OR IN CONNECTION WITH THE USE OR PERFORMANCE
OF THIS SOFTWARE.
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C.3.8 test_epoll

The 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 RE S kqueue 1B o] 20 th3) T3} 22 o) AL EFFh

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

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

modification, are permitted provided that the following conditions

are met:

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

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

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

ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE
IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE
ARE DISCLAIMED. 1IN NO EVENT SHALL THE AUTHOR OR CONTRIBUTORS BE LIABLE
FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL
DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS

OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT
LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY
OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF
SUCH DAMAGE.
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C.3.10 SipHash24

AU o 7)ol th= 22 W&ol 2= o dFyth

<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)

C.3.11 strtod 2} dtoa

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

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

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

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

*

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

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

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

* documentation for such software.

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

* REPRESENTATION OR WARRANTY OF ANY KIND CONCERNING THE MERCHANTABILITY

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

*

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

The modules hashlib, posix, ssl, crypt use the OpenSSL library for added performance if made available
by the operating system. Additionally, the Windows and macOS installers for Python may include a copy of the
OpenSSL libraries, so we include a copy of the OpenSSL license here:

LICENSE ISSUES

The OpenSSL toolkit stays under a dual license, i.e. both the conditions of
the OpenSSL License and the original SSLeay license apply to the toolkit.
See below for the actual license texts. Actually both licenses are BSD-style
Open Source licenses. In case of any license issues related to OpenSSL
please contact openssl-corelopenssl.org.

OpenSSL License

Copyright (c) 1998-2008 The OpenSSL 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. All advertising materials mentioning features or use of this
software must display the following acknowledgment:
"This product includes software developed by the OpenSSL Project
for use in the OpenSSL Toolkit. (http://www.openssl.org/)"

4. The names "OpenSSL Toolkit" and "OpenSSL Project" must not be used to
endorse or promote products derived from this software without
prior written permission. For written permission, please contact
openssl-corelopenssl.org.

5. Products derived from this software may not be called "OpenSSL"
nor may "OpenSSL" appear in their names without prior written
permission of the OpenSSL Project.

6. Redistributions of any form whatsoever must retain the following
acknowledgment:
"This product includes software developed by the OpenSSL Project
for use in the OpenSSL Toolkit (http://www.openssl.org/)"

THIS SOFTWARE IS PROVIDED BY THE OpenSSL PROJECT "“AS IS'' AND ANY
EXPRESSED 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 OpenSSL PROJECT OR
ITS 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)

FE R ST T S N S R TR S N S S S S S S N S S e T S S S S N SRS N S T S T S
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ARISING IN ANY WAY OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED
OF THE POSSIBILITY OF SUCH DAMAGE.

This product includes cryptographic software written by Eric Young
(eayl@cryptsoft.com). This product includes software written by Tim
Hudson (tjh@cryptsoft.com).

L I S T

Original SSLeay License

Copyright (C) 1995-1998 Eric Young (eay@cryptsoft.com)
All rights reserved.

This package is an SSL implementation written
by Eric Young (eay@cryptsoft.com).
The implementation was written so as to conform with Netscapes SSL.

This library is free for commercial and non-commercial use as long as
the following conditions are aheared to. The following conditions
apply to all code found in this distribution, be it the RC4, RSA,
lhash, DES, etc., code; not just the SSL code. The SSL documentation
included with this distribution is covered by the same copyright terms
except that the holder is Tim Hudson (tjh@cryptsoft.com).

Copyright remains Eric Young's, and as such any Copyright notices in

the code are not to be removed.

If this package is used in a product, Eric Young should be given attribution
as the author of the parts of the library used.

This can be in the form of a textual message at program startup or

in documentation (online or textual) provided with the package.

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 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. All advertising materials mentioning features or use of this software
must display the following acknowledgement:
"This product includes cryptographic software written by
Eric Young (eay@cryptsoft.com)"
The word 'cryptographic' can be left out if the rouines from the library
being used are not cryptographic related :-).
4. If you include any Windows specific code (or a derivative thereof) from
the apps directory (application code) you must include an acknowledgement:
"This product includes software written by Tim Hudson (tjh@cryptsoft.com)"

THIS SOFTWARE IS PROVIDED BY ERIC YOUNG " '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

ERE T R A B N S N S N S S SN S N S N SN T IS S S S N S S S i T T N S R S N S
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* OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF

* SUCH DAMAGE.

*

* The licence and distribution terms for any publically available version or
* derivative of this code cannot be changed. i.e. this code cannot simply be
* copied and put under another distribution licence

* [including the GNU Public Licence.]

*/

C.3.13 expat

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

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

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

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

THE SOFTWARE IS PROVIDED "AS IS", WITHOUT WARRANTY OF ANY KIND,
EXPRESS OR IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE AND NONINEFRINGEMENT.
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-1ibffi:

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

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

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

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

(ThS sleTATol A1)
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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

21ib S-S A 2G| A BAR dib A0 VT o5 o] o] AHGE S O, T zlib 22
A2 AHgSte] e U th

4

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

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

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

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

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

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

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

C.3.16 cfuhash

tracemalloc °f & A}25 = 3 A] H o] 29 3L cfuhash T2 A EE 7|Hlo 72 Sh T}

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

(Th5 slTeTATol A1)
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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.

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. 1IN NO EVENT SHALL THE AUTHOR OR CONTRIBUTORS BE LIABLE
FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL
DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS

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

C.3.18 W3C C14NEHIAE ARIE

The C14N 2.0 test suite in the test package (Lib/test/xmltestdata/cl14n-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:

(ThS sleTATol A1)
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* Redistributions of works must retain the original copyright notice,
this list of conditions and the following disclaimer.

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

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

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

C.3.19 Audioop

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

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

SUN SOURCE CODE IS PROVIDED AS IS WITH NO WARRANTIES OF ANY KIND INCLUD-
ING THE WARRANTIES OF DESIGN, MERCHANTIBILITY AND FITNESS FOR A PARTICU-
LAR PURPOSE, OR ARISING FROM A COURSE OF DEALING, USAGE OR TRADE PRAC-
TICE.

Sun source code is provided with no support and without any obligation on the part of Sun Microsystems,
Inc. to assist in its use, correction, modification or enhancement.

SUN MICROSYSTEMS, INC. SHALL HAVE NO LIABILITY WITH RESPECT TO THE IN-
FRINGEMENT OF COPYRIGHTS, TRADE SECRETS OR ANY PATENTS BY THIS SOFTWARE
OR ANY PART THEREOF.

In no event will Sun Microsystems, Inc. be liable for any lost revenue or profits or other special, indirect
and consequential damages, even if Sun has been advised of the possibility of such damages.

Sun Microsystems, Inc. 2550 Garcia Avenue Mountain View, California 94043
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sho] 3} o] WA E:
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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