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000000000 O00PythonD0OOOO0ODOO0OO0O0OOOOOOOOOOODOCOOOCH+OO0DODOOO
gobooooboooobooooooboooooOooOoOobOboOoO0oobooOooobooboOoooOOoOoOoOOoOoOobboOoon
0o0ooooooooooooooooooo0ooooooooooO pythonOOODOOOOOOOODOO
O0OO0OPythonO0O0OOOOOOO0O0OO0OOOOOOOOOOOOOOOOOOOOOOODOODOOOOO
goooooooooooo@oo)ooooooooooooooooOooooooooooooooon
gobooooooobooooobodoobooooooooooboooooooooon

00odooooooooogd pythonOOODOO0O0OO0ODOOODOOODOODDOODDOODODOODOOO
00000 PythonOOOOOODODO tutorial-index 000 OO0 OO OO reference-index 0 0 0 O O Python O
000000000000 000D0O0D0O00DO library-index OO 0OPython OO0 OD0OOO0OOOOCOO
00000000 0ooooooooooD (o0o0ooo0 PythonOOODODOOODDOOO)OOOOOO
ooooOooooooo

Python/CAPIOOOOOODOOOOODOOOODO0OO0OD capi-index 0000000000
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Joboboooboboodddttd

00000000 0DO00pDU0oooodooDO Ceython D0 OOO0OO0OOOOOOOODOODODODOOO
00000000000004dCython, cffi, SWIG, NumbaOOODODOODOOODOOODOODODOO PythonO C
0o C+ 0000000000000 U00OOO00DO0O0ObODOOoOOoOOOOoo

O0e:

Python Packaging User Guide: Binary Extensions Python Packaging User Guide 0 0000000000
oooboobooboboobdoobobooboobbooobobbooboobbooobooboo
godoooooooboooobooooboooon
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goooooooooooooooooooooooo cooo c+ooooooooooooooooon
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21 CO C++ 000 Python OO

CcCO00000000oooooooO0o00OPython0 00000 0ODOOOOOOOOOOOOODODOODOO
000000000000000000000 (extentionmoduley D000 0OPython 0O O OOOOODOOO
o:o00000000000O0DDOODOOOODODOODO CODODODOOOODOOODODODODODOOOOOOOO
gobooobooooooog

0000000000000 0000Python API (Application Programmer’s Interface) 0 0 0 0000000
g0o0ooOOo0ooOoDOoOoCocdpythonOOOODOOODOOUOOOOOODOOOOODOODOODOODOOO
000 Python APIODO O OO "Python. h"ODODDOODODOOD COODODOODODOOODOO

gogobobooobbooobbooobbooobboooobobooobbooobbsbbooobbo
gooogo

O0: CO0OO000O000O0000 CpythonJOOOO0OOOO0ODOO0OO0OOOOOOODODODOOOOO
Python 0O OOOOO0O0O0O0O0OOOODOOCOODOOOOOOOCOOCODO PythonOOOOOOOOOO
goooooooopooopopoooooooooooooO cooooooooOooOoOoOODOOODODOO
00000000 ctypesO0000 ctiOO0ODOOOO0OOO0O0O0ODOOOOOOOOOOOOODO COO
gooooooooooocO0ooooooooooooooooD pythonOOOODOOOOOOOODOO
OPythonOOOOOODOOOODOOO
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211 0000

spam (Monty Python 0 0 000 0000)00000000000000O00O0O0O0O0O0O0OCOOO0O0OO
0 system() DOODO PythonOOODDDOODOD0000000OOODY 00000 nullDOO0OD0OO0O0O0
00o0d0o0o0doo0ooo00oo0oDo0oo0ooDooooooooD PpythonO0OO0OOOOOOOO
gooogoog

>>> import spam

>>> status = spam.system("ls —-1")

000 spammodule.c 0000000000000 O0O0 (DD0OODO0O spam 0000000 ODOO
oo00O0OO0O0C0OCODOO0O0OO0DOO0OO0Ob0DO CcOUOb0DO spammodule.cO00OOO0OOOOODOOO;
spammify 000000000000 OOOODOODODOOD spammify.cO0000000)

goboooooooooooobooooo:

#include <Python.h>

OO000OPython APIOOOODOO(DOOOO0OOOOOOOOOO0OO0OOOO0O0OO00O0O0O0O0)O

O0: PythonO0OOOOO0O0O0O0OOO0OOOOO0OO0DOOOODODOODOOOOOOODOOODOODOOOOO
ubd python.hOUOOOOOOOOOUOOOOODOOOOOO ODOODLOOOO O

Python.hOOOOOOoOOOODOOOOOOOODUOODDOODOOD pydbbpyboobooong
goooU0o0o0oU0oU0oo0ooU0oOoUoooUooooooPPythonDOO0ODOOOOODOOOOODO
gooodno "python.h"OOOODOO0OOODODODOODO: <stdio.h>D <string.h>0U <errno.
h>0000 <stdlib.h>0O0O000O0O0OOOO0ODODOOODOOOODODOOOODOOOOODDOO
"Python.h" OOO malloc () O free() OO0 realloc() DOOOODODODOO

0000000000000 OOPythond spam.system(string) O000O00O0OO0OOOOODODOOO
gcOobooOo(@oboOooboboooooooOoDooOooDoooobooooooDooOon):

static PyObject =
spam_system (PyObject xself, PyObject *args)
{

const char xcommand;

int sts;

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

return PyLong_FromLong(sts);

1 0DoDo00D000000000000000000 os00000 —0000000000000000000000000
oooo
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oooo0OPythonOODODOOO(@MOOODODOODO "1s -1MmO0COO0O0DOODOOOOOOOOOOOO
goocoooooOoOoOoOoOOOOOoOoODO self 000 args00O0000OO

self 00 0000000000000 000000O0O000O0O000ODO00000O0O000ODO0O00DO
oooon

args 0000000000 Python D00 ODOODOOODOOODOOODOOODOODODODOOODOOODOO
gooooOO0O0oO0U0oOooODODO0oOoUOUOoOoDObOOoOoOoOod PpythonOO0O0OQOQOODO —CODO
0000000000000 000o0oDoDoDoD CO0OD0DO0O00000O0O0O0OoPython APLO OO
PyArg_ParseTuple () DO0OO00OO0O00OOOOOCOOOOODOOO pPyArg-ParseTuple() OOO
gooboo0o0ooo0o0ooodooboo0o0oooo0Uooo0ooDoO0UooO coopoooboooooooooo
gopboooooooboboooo

PyArg_ParseTuple () UO00O00O0O0OO0DOOOO0OO0O0OO0ODOODOODOODOOOOODODODOOOOOODO
goooooooo@oo)yooooobooooboobooooooOooooboboo @EWOo)yooooobooo
gooodooooodooodooUoooUooodDooUoO(@@ooooUooDOo)ogo NULLODOODOO
gooogo

212 0000: 0000000

Python 00O 0000000000000 O0DOOOOO0OO00O00O0:00000000000000000O
gooooooooooOoooooooo(@ooc A NULLOOOO)DOO0OO0O00O0OOOO0OO0O0O0O0O0O0O0OO
gobobooboboboooboOobDOobDOobOooOooDoDbOooO, 0000 ANULLO0O0O0DO0ObOOoboOoDbOon
000000000000 00000000000000 ”000 (associated value)” (raise00000O0)
0000oooooco000oooo00o0n0 PythonO0O00000CO0O0O0O0O0DOCOOOOODODOO (stack
traceback) 0 0 000000000000000 sys.exc_info() O PythonOOODOOOODO COOODO
O@EythonOODOOODOOODODOD sysO00000000000000O0O0O0O0O0O0)O00000O0O0O
uobooobooobooooooooooooobooooooooooooooon

Python APIO O O0D0OOO0OOOOOOOOOODOOO0OODOOUODOOOOODOOOO

0000000000000 pyErr SetString() OO000O0O0O0O0O0O0O0O0OO0OO0 COOOOOOOO
0000000000 pyExc.ZerobivisionError JO0O0O0O0O0000O0O0O0O0O0DOOO COOODO
ooooooooO0OPythonODO0O0OO0OOODOOOOODOOOOO " OO”0000000O

gogoooooobbDb pyErr_SetFromErrno () UOO0OOO0DOOOOOO0OOOO0OO0O0OODODOOO
goob0obO0ob0d errno0000000D00O0O0OOOOODOODO PyErr_SetObject () DOOODO
gooobbboooobbbooooobbbooobbbboooobbbo0d Py INCREF () ODDOO
gooooobgd

gboobodbuobobioobdbd pyErrOccurred() DUOOOOOODOOOOOCOOOODOODOOON
gooooooooooooooooooooooOoOoOOOOOONULLOODOOOODOOOCODOODOO
obobooobOoooboooooboO00bOO0on0n pyErrOccurred() DOODOOOO0OO0OOOOOO

O0OgOOOOO fOOOOODDOOODODOODODOOOOOOOODOOOfOOODODOOO(OOONULL
0-1)HO0oOOoOooODoOOoOooOoDOOoOooOO pyErr+x() 0O00OOOOQOODOODOOOODOOOOODO —O
o000 gOOO0OO0OODOOOOOODODOOOOfOODOOOODOOOOOOODODOOOOOOOOO
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00000 D0O000000ODbO0O0O0000OD pyErr+ () 0 ODODOODOO ODOODODODOOO —O
ooooooooooooooooooOoboboOo0ooooooooboO00o0oooOooDooOoO0oooO0O0O PythonO
0000000000000 o000o000o00og PythonOOOOOOOOOO PythonODOODODODO
goboooboooooooooboooon

(000000 pyErr+ () 00D0O00OD00ODO0ODOO0ODOOOOODOOOOODOODOOOOODOOO
gooboboboooooobooboboboobooboobboobOobobobon0 pyErex () ODOODO
gogoobooobooobbooobbooobboobobboobbooobbo:-o0obbooobbo
ooboOooooOoOooooooDoooooon)

goo0o0o0obo0obobdobOoo0obob0o0obO0bOobDOobO0oO0O0ob0ODbDOD pyErrClear() DODO0ODO
goooooooooOooboOoDboOobOoO0oOoOooOo0ooOoOoobDOoO0oDOOoDbDOODbDOOOOoOo @Eoo
goooooodooOooOoOooOooOooDOOoOooUOoOoU0DOoOooOoO)00DO0OooUoOOoDOoOooUOoOgo
PyErr Clear () DO0O0ODOODOOOOOOOO

malloc() 0O0DODOD0O0OO0OODODOODOOODODOOOO —malloc() (0O0O realloc())OO
0000000000000 pyErrNoMemory () 000000000000 O0ODOOCOOOOOOOO
00DO00D0O00DODO0O0D (000 pPyLong FromLong ())O PyErr NoMemory () DODOOOO
00000000 malloc() DODDODDODOODODOOOOOQ

000 pyArgParseTuple () 0000000000000 00000000000O0O0O0O0O0O0O0OUnix
g oooooooobbobbobbobobbbbbboooogogg =1boo
gogd

goo0oooooobOo0ooo0obO@WoobOOo0oooo0obOo0oooooObDbOooooobDDbDbOOoOoooO
Py XDECREF () 0 Py DECREF () 00O O0ODO)0D0OCOOOOCOOODOOOODODO!

0000l ooooooooobobobobobnon pyExc.ZeroDivisionError OO0
goooDoOo pythonOOOODOOODOOOOO CODOOODOOOOODOODOODOODODOOODOODO
goo0ob0o0o0o0Ob0b00o00b0D0 —0O00OD0ODO0O0O0O0DDbOO0OU0OO0DDOO PyExce TypeError O
00000DO0o0DOOoO0O0OO(@OUODO0ODOO pyExc IOCError00D0O00ODOOOOO)OODOOOO
gobb0o0bO0dn pyArg-ParseTuple () D00OD0ODO PyExc TypeError U UODOOODOOODOO
gooobooboboobooooobobobboobobobo0ob0obOobO0on pyExceValueError U
gooog

gobbodooobooooboooooooOoooOooOoobOoOooooooooooooOooOoOoOOoOoOoboOooon
gobooooooon:

static PyObject xSpamError;

OooooooooooOoDbooO (pyInitsspam())0000000000000O0O0O0O0O0O0OOO (@O
000000o0ooooooooog):

PyMODINIT_FUNC
PyInit_spam(void)
{

PyObject =*m;

(Jooooooo)

8 020 000000000000O0O000OOO0
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(Cooooooooo)

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

SpamError = PyErr_NewException("spam.error", NULL, NULL);
Py_INCREF (SpamError) ;

PyModule_AddObject (m, "error", SpamError);

return m;

Python 00 O0O00OOOOOOOOODOOODO spam.error 00 O0D0OOODOODOOODOO
PyErr NewException () OO OO bltin-exceptions 0 D 000000 Exception 00000000
gopbooooo0oOoooooobD wuULLOOOOOooooDboooobooooooo)g

SpanError 0 O0UOO0O0OD0OO0O0O0OO0OOOO0ODOOOODODOOODDOOODLDOOODDODOO,ODODO
goooooo!bObo00oo00oOooUoobOoOoOooO00oOo0oooOoOobOo00oDOOooDboOoooOoOoDoOon
000000oooo0o0o0000d SpamError 000000 OQODO (dangling pointer) 1 000000
goboobooboobobooboboobobbobbooboobOobobobon spamError 00O
gooooo0oo0obOOoOooOo cogoUdOooUooUOooUDOoU0OoUODOoU0OOODOoUOOOoDOOoOoOn
gooboboboboon

gobbooboobboobo pyMODINITEFUNCUOOODOOODOOOODOODOODODO

PyErr_SetString () U000 O0OO0O0OO0OODOOODOODOOOO0OO0OO spam.errorJ00dpooooon
ooo:

static PyObject =
spam_system (PyObject xself, PyObject =xargs)
{

const char scommand;

int sts;

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

sts = system(command) ;

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

}

return PyLong_FromLong (sts);

213 0000

gobboooooooooooooocOoOoooOooboOoobooOoOon:

if (!PyArg_ParseTuple (args, "s", &command))
return NULL;
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O0DO0O0O0D pyArgParseTuple() DO0OOO0DOOOO0ODOOOODOOODOOOODOOOODOOOO
goonNULL(OOOOOOODOOOOODOODOODODODOOOODOOOODO)ODODOODOOOOO
g0oob0oob0obOo0oboo0oobD0obD0bU0bU0b0d command OO0 O0OD0OODO0ODOODODODOOOO
goooooooooOoooOoooOooodoo0ooo0oooOooDOo0oDOoOoDOoODbDO0 @EWOoDooo
COD0O000 command O const char* commandD 0000000000 OOOO0O)O

000000 PyArg_ParseTuple () D0O0O0OO00O0O UnixOO system() DO0OOODOOO:

sts = system(command) ;

spam.system() O sts O Python 0 0 00 OO OO0OO0OO0OODODOOOODOOOODDODOOO
PyLong_FromLong () DOOOOO

return PyLong_FromLong(sts);

0000000 py-Buildvalue () 0000000000000 0O0@@OUOOOOOOO PythonOOOO
0o0o0o0oooooooooooog!)

0000DO0O0OC00O0O00O0 (voidODODOOO)DOODOO PythonOODOO NoneOOOOODOOODOODO
000 NoneODOOOOOOOOOOOOOO0O0O0O0O0O0OODO(@MOOOOO Py_RETURN.NONEOODODODO
goopoooo):

Py_INCREF (Py_None) ;
return Py_None;

PyNoneOODODO Pyhton OO DO0O0OOOO NoneOOOOO COOODOOOOOOOODDOOOOOO
gooooooOOooboOoo o0’ 00db0Oo A MULLODO0O0OO0DO0O0 NoneODOOO PythonO OO
ggoooon

214 000000 O0OoOoOoOoOoOoOooOOOOOO

0000000000000 spam_system() O PythonOOOOOOOOOOOOOOODOODODODODOO
00000000000000000”00000000 (methodtable)’ 00 DO0OODOODODOOODO:

static PyMethodDef SpamMethods[] = {

{"system", spam_system, METH_VARARGS,

"Execute a shell command."},

{NULL, NULL, 0, NULL} /% Sentinel #*/
}i

00000000D0D0000 (METH.VARARGS)DOOUODOODDODODODODODODOOCOODOOO
0000000000000 000000000000000000 METH.VARARGS 0 METH_.VARARGS |
METH KEYWORDS OO UODODO; 00000 PyArg-ParseTuple () UODDOO0ODOOOOODODOODOOO

METH.VARARGSOUOOOUOOOCOCOOOOPythonODOODODODOD PyArg-ParseTuple() DOOOO
gooooboooobuoooooobbooobooob; 0oL boobbuoOoon

10 020 000000000000O0O000OOO0
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gooooOo0o00ooooOoOo0oOooOoDOOoOO000ooDOO0O00O0oDbDO0O0OO METH.KEYWORDS OO
000O00DoOO0o0oDoOOoOOoOoOoOoCcooOOobOboODnnO pyObject »O0O0OOOOODOODOOO
00ooooDooo0o00oooDooo00o0oooooDoDooo00oo0oDoDoDoooDoooooon
PyArg ParseTupleAndKeywords () OO OOOOOOO

gogbobooobooobooboobbooboobboooboobboobog:

static struct PyModuleDef spammodule = {
PyModuleDef_ HEAD_INIT,
"span", /* 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
i

gbooboooooooboooooobobOOobOoboOoOoOobooooooOoOobOobOOoboOoOoDOOoDbDOon
gooobobd name 000000 PyInitname () U0000O0O00O00O0OODOOOOOOODOO
oob0O00ob0o0o0o0o00O000Db0O0n staticOO00OOoOooooogn:

PyMODINIT_FUNC
PyInit_spam(void)
{

return PyModule_Create (&spammodule) ;

PyMODINIT FUNCOODOOODOODO PyObject 000000000 00OOODOODOOOODOOO
00000000000 (linkage declaration) 00000000000 C++ 00000000 extern "C"
gogbboooboobooooboon

Python 00O OOOOOO spam 000000 import 000000 PyInitspam() OO0O0OOOO (O
0000 PpythonOOOODOOOOOOOOOOOOODOOODOODOO)ODDODODOODOODOODOODOOO
00 pyModule Create () 000D D0OO0ODOOODODOODOOODO (PyMethodDef OOODODOO)OO
gobooboboobuoobobobob0o0ob0oob0oob0o0obO0o0obOUoDbDO pyModule Create() O
gopboooooooooooooooooOoO0ooDbOoO0oooOoooOooUoooooooDooDOooDboboOooo
00000o0o00U00Doo0o00ooO0oO000DoDoOO0ONULLOODODOO00DO0O0OO0 mit00OOO0O0O
J00ob00b0b0ob00o00o0oOoDoODng sys.modules000000OD0OOD0OODOODOODODOOOO

Python OO OOO0OODODO PyImport InittabOOOOOOODOOODOO PyInit.spam() OOOOO
J000Db0000OD00000D0ODbO00O0O0D0DDO00O00D0ODO0O0 PyImport AppendInittab() O
000000000000 0ooooooooggy import 0O 0O :

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

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

(ooooooo)

21. CO C++ 000 PythonO OO 11
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(Cooooooooo)

/+ Add a built-in module, before Py_Initialize */
PyImport_AppendInittab ("spam", PyInit_spam);

/% Pass argv[0] to the Python interpreter =/

Py_SetProgramName (program) ;

/+ Initialize the Python interpreter. Required. */
Py_Initialize();

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

PyImport_ImportModule ("spam");

PyMem_RawFree (program) ;

return O;

00: 00000000 @00 fork() OO exec()OODDOODODOOOO)ODOOOO0OOOOOODOODO
00000 sys.modules 0000000000000 O0O0O0O0O0O0OOOOOOOOO import000O0O0O
gobooooboooobooooooOooOoooOOo0oobOOoOoOobOOoOoOoboOoOooOoOOoOoOOOoOoOoDbboOonon
gobooooboooooooooobooon

00000000000000Python0JO0 00000 Modules/xxmodule.cOOOODOOOOOOOOO
goobobobooooooooboboboboobooooboobobobo

O00: xmoduled spam 00000 O0000OQO (multi-phase initialization (Python3.50000)0000
0000 PyInit.spam PyModuleDef 00 DO OOD0OO0OCOOOOO0OO import 000000 OOOOO
0000oouougug PEP489 0000000000

215 000000oooo

ooo0oo0oO0ooOoO00oo0O0o00OOo000O0000o0OC0cO00D:000000O0Python0O000O0O0OO
00000opoo0ooO0oOooooon (dynamicloading) OO0 OOO0OOO0OOOOOOOOOOOOOOOO
goooooooooooooooooOo0oOooOo0oOoOoO0oOoOoOo;0bO0O0OO0O0ObOOObObOObOOObObOOn
gCooo c++ 000000 O0)00WindowsOOOODOOOOOOOOOOOOOO (Windows OO 0O
cobbo c++0000ooooooo o)yoooooooooono

000000oooooooooooo0oDooooOg PythonODODODOD0ODO0ODDOODDOOODOODOOO

12 020 000000000000O0O000OOO0
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ooooo0o000o0oo0o0ooooO0O0000000000000O0O00000UNXO0000000000
0o0o0oooooooo.:o00000000C0C00D000 (000 spammodule.c)0000O0O0O0ODOOO
0 Modules/U0000000D0DOO Modules/Setup.localJO0DOOOODOOOOODODOOODDOO:

spam spammodule.o

0000000000000 00000OO0O make 0000000000000 O0OOOOODOOO
00 Modules/ 0000000000 make 0000000000000 ‘make Makefile’ 00000
Makefile 000O00OO0O0O0O0O000O000O0O0O0DOO@OOOD Setup00000000000000O
0ooo)

obooboooocoooooboboboooocooooobobOoOooOoobOOobOobOoOobobooooooDoOon
gopboooboooobboooon

spam spammodule.o —-1X11

216 CUOO PythonO OO OOoGOO

O000O00OPythonODOO COODOOOO0ODODOOOOOOOOODODOOOOOOOOOOOO:COOO
Python 0O OOOOOOODOOOCOOOOOOOOO0O0O0O0™®OOOOO0O0000C00000000O0O
goooooooopoooooooooooOooo coooooUoUUoUULOOoUOoOoDooDooooo
0o0ooooooo pythonOOOOOODOOD PythonOOOOOOOOOOOOOOODOODOODODOO
000000000000 CO0DOOO000O0OooOOO0O00 PythonOOOOOOODOOOOOOOO
gobodoobooooboooooboboOoooooobboOooooOoooon

goooooOPythonOODOOOOOOODODOOOOOOOOO PythonOOOOOOOOOOOOOODO
0000ooooogg (pythonO OO O0O0O0O0O0O000000000O0OOODOOOOOOOOOODODODOOO
000 —000D0000000D000 PythonOOODODODODO Modules/main.cO0000000000OO
oopboO0 -cOOOOOoOOoDOOO)

Python 000000000000 OOODOCODOODOOODOOOOOOCOOOOOO0O0O0O0O0 PythonOO
0000o0ooopooooO pythonOOOODOOOO0OOODOCOOOOOOODODOOOOOOOOODOO
goo(@UOopbOoooUopodoOooUooOo)OooUooDUoOooUoDOoOooObOoUogooUoogoooogo
00Do0ooooo Python0DODOO0DOOODOODOO0OOOOOODDOOOD —O00OO0ODDOODOOOOO
000 —0D0O0O0O0O(@UDO0O0C0ODO Py INCREF() OOODOODOODODOOONHNOOOODOOO
gobobooboobbooobooboobbooboon:

static PyObject xmy_callback = NULL;

static PyObject =
my_set_callback (PyObject xdummy, PyObject xargs)
{

PyObject xresult = NULL;

PyObject xtemp;

if (PyArg_ParseTuple (args, "O:set_callback", &temp)) {

(oooooon)
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(Cooooooooo)

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" x*/
Py_INCREF (Py_None);
result = Py_None;

}

return result;

00000 METH.VARARGSUOOOOOOOODOOOOODOOOOODOOOCOO;METH.VARARGSOOO
gooobgooooboboboboobobobobobobo boboobobbdb pyArg-ParseTuple() O
gooobooboboboobo bbb obobboboboooo boboboooo

Py XINCREF () 000 Py XDECREF () 0000000000 DDOO0OOOOOODOOOOOO/OOOO
gooooooooooo NULLODOOO0ODOOOOOO0OCOO00DOOO0O0ODOOO0@mOuoooOoooboooo
temp 0 NULLOODOOUOOOODOOO)OODOOOOODOODOOOOODOOOOO ODODOODOO DO
gooogoogd

0000000000000000000000D0CDODO pyObject_CallObject() DO0OOOODODODO
00000000o0g:PythonO0OD0 PythonOODOOODOOOOOOOOOOOOODO PythonOODODOODO
gooobooboboboooooooooboobobobobobobobooboobLDobDoboboboboboooo
O00OPython DO OOO0OOOOOODOOOOONULLOODOOOOOODODOO;0000D0000O000OO
000000000 (singleton) 0000000000 Py-Buildvalue() DO0OO0O0DOO0OOO0OO0ODOOO
ggbooooboobobooboobooobooboobbooboobbooboobbOooDbOog:

int arg;
PyObject xarglist;
PyObject =xresult;

arg = 123;

/+ Time to call the callback */

arglist = Py_Buildvalue(" (1)", arg);

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

PyObject_CallObject () O Python 000D OD0OOD0O0O0OO0OO0O0O0: 000 Python 0O OO
0000000000 PyObject CallObject () 0O0ODDODOOOD 00000000 (reference-
count- neutral)”’ 0 0 00 0000000000000 0O0O0O0OOOOOOOOOOOOOOOO0O
PyObject_CallObject () DO0OOOODDO Py DECREF () 0000000

PyObject_CallObject () DO0OOOOO 00000000 0:000000000O0DODOOOCOOO
ggbooboooboobobooobooboobbooboobbooboobbooboobbobboobo
0000000000 00ooo0o0oooo00oo00o0Dooo0ooo(@Mboboo0oooooooogY
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oobooobooooboo0odobOod py DECREF () DOOOOOOOOOO

000000000 py DECREF () DOOOOOO0O NULLODOOOOODOOOOODOOOOOOOOOOO
NULLOOOODOOD PythonO0OOOOOOOOOOOOOOOOOOOO PyObject_CallObject ()
godoO0DbDO0bO0oOOobDOoboOoO python0OOOOOOOOCOOOODOOOOOCOODOCODODODOO
000000 Python0ODODO0OD0OO0OOO0DDOO0ODOO0OOOOOO0ODOODOODOOOOOODOOO
000000000000 oO0o0oUo0oU python OO ODOOODOUODOUODDOOOODOODOOO
gboooooboobobdobd pyErrClear () UO0OOOOOODOOOOOOOOODOODODOODOOO
gooooood:

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

Python 0 O OO O0OO0ODODOODODODOODOODODOCDODODODODDODOODODODOODODODODODODO
PyObject_CallObject () DO OO0 DOO0O0ODOOOODOOOODOOODOOOODODODOOODO
ggboooobooboboobooboobbooboobbooboobobooboobbooboboobo
goboooooboooboooboobooobooboooboobooobooboobooboobboOon
Py Buildvalue () DOO0O0OO0OO0O0O0O0OO0OOO0ODOOOOOCOOOOO0OOOODOCOOOOODOOODO
goobobobooooo:

PyObject xarglist;

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);

Py DECREF (arglist) O00O0O000O0O0CO0ODOCOOOCOOCOO0OO0OOO0OOOOOOOOOOOOO
gl!ooooooooooooooOoDoDoODOODOOD: py-Buildvalue() OOODODOODOODOO
gooboobobobooooooooo

gboboboboboooboooobobd pyObjectCall () DOOO0OODOODOODOODODOOOOO
goob0b0ob0o0o0oooobOob0obOobob pyBuildvalue () DODOODODOOOOOO

PyObject =dict;

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

return NULL; /#* Pass error back #/
/+ Here maybe use the result #*/
Py_DECREF (result) ;
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217 00000000000 O0OOOOOO

PyArg_ParseTuple () U0 DOOODOOOOOODOODOO:

int PyArg_ParseTuple (PyObject xarg, const char xformat, ...);

O0argO COOOO PythonOOOOOOOODOOOOOOOOOOCODOOODOOOOOOOODOOODO
Jormat 0000000000 Python/CAPIODOOOOOOOOOOO arg-parsing 000000000000
gobooooboooobooooooboooooOooOoOobOboOoO0oobooOooobooboOoooOOoOoOoOOoOoOobboOoon
oobooooo

PyArg. ParseTuple() O Python 000000000 C0COCOOOODOOOOOOOOOOOOOO
PyArg_ParseTuple () O0000O00000O00 COOOO0OOO0OOO0OO0O0OOOO0OOOOOOOOO
gooooooobO:0000000C0O00C0C0O0OO0O0DOOODOOODOOOOOOOOOODOOODOOOn
0o0o0oo0oooooooooooooooooooo!

0000000000000 000000000000 OO0 OO0 (borrowed reference) D000 0; 0000
00o00oo0oooooooooooooooooooooo!

ooboooboooooooooobog:

#define PY _SSIZE T _CLEAN /% Make "s#" use Py _ssize_t rather than int. =/
#include <Python.h>

int ok;

int 1, 3J;

long k, 1;
const char =+s;

Py_ssize_t size;

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

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

ok = PyArg_ParseTuple(args, "1l1ls", &k, &l, &s); /% Two longs and a string =/
/* Possible Python call: f(1, 2, 'three') x/

ok = PyArg_ParseTuple(args, " (ii)s#", &i, &3j, &s, &size);
/* A pair of ints and a string, whose size 1is also returned x/
/* Possible Python call: f((1, 2), 'three') x/

const char xfile;

const char smode = "r'";
int bufsize = 0;
ok = PyArg_ParseTuple (args, "s|si", &file, &mode, &bufsize);

(Jooooooo)
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(O0ooooooooao)

/* 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 x/
/% 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) */

218 000000000 ODOOOOOOOOO

PyArg_ParseTupleAndKeywords () DO0DOO0OO0OODOOOOOOOO:

int PyArg_ParseTupleAndKeywords (PyObject xarg, PyObject xkwdict,
const char xformat, char »kwlist[], ...);

arg O format 00000 PyArg ParseTuple() 000000000 kiwdicc 0O O DOODOOODOOODOO
0000000 PythonOO0O0O0O000O00OODODOCOCCOOUOO00O00O0ODDOOOD wlistOOOOOOOO
00o0oo0d0o0o0ooOdooOooOgooo NULLO0ODOODOO0O00OOD; 0000000 format 000000
0000000000000o0000og0ugyg pyArg-ParseTupleAndKeywords () D0 O0O0O0O00O0O
000000oooooooooooooooooo

00: 0ooooooooooooOooooooDooOoOoooO00ooooooo0'kwhisseODODOOOOOOODOO
ooboooboooooon TypeError000doooooood

000000000000 000000000000000 Geoff Philbrick (philbrick@hks.com) D 0000
ooboooooocoooog:

#include "Python.h"

static PyObject =«

(ooooooo)
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(O0ooooooooao)

keywdarg_parrot (PyObject xself, PyObject xargs, PyObject xkeywds)
{

int voltage;

char *state = "a stiff";

char xaction = "voom";

char *type = "Norwegian Blue";

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

if (!PyArg_ParseTupleAndKeywords (args, keywds, "i|sss", kwlist,
s&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 PyObjectx parameters, and keywdarg parrot () takes
* three.
*/
{"parrot", (PyCFunction)keywdarg_parrot, METH_VARARGS| METH_KEYWORDS,
"Print a lovely skit to standard output."},
{NULL, NULL, 0, NULL} /* sentinel */
i

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

PyMODINIT_FUNC
PyInit_keywdarg(void)
{

return PyModule_Create (&keywdargmodule) ;

219 0000ogoooog

Py_BuildvValue () 00 PyArg ParseTuple () DO0UO0O0OD0ODOOOOO0DODOOOODOOOOOODOOO
gooogo:
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PyObject #xPy_BuildValue (const char xformat, ...);

Py_Buildvalue () OO PyArg ParseTuple() DO0OD00O0O0O0OO0O0OO0OOD0OODOODOOOOOOODOODO
goo(@ooooooooooooooooo)oooooooOoooOooboooooOooDboOoooooo
Python0OODO0OODO0O COOOO00OOOOODOCOOODDOO PythonOODOODOODODOODO

PyArg_ParseTuple() DO ODOOODOODODOODO: pyArg-ParseTuple() UO0OODOOODOODO
0doooooooo (python O0ODODDODOODOODODDODODOUODODODODODODOOODODO)YODO
Py Buildvalue() 00000000000O0O0O0O0O0O py-Buildvalue() OODODODODDOODO
goooboob0oboboboooboobobooD0oooobob0bobDUbOUbObOUOD Nonedoooo O
goooooooogoooooooooooooooOoOoOoOoOoOOOOOOOOOODOODODODOODD OO
100000000 Ooo00oOoooooo0obooooooag

oo00ooooo0o0@ouoo00ooo00ooo00 PythonOOOOOO):

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

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

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

2110 0O0OoOooog

CO0C+000000000O00DO00ODO0O0ODO0O0OD0OOOO0DDODUODO0ODOODOOODOOODOODO
0000000000 CO0OO0O malloc() O free() DODOODOOC+HHUOODODODOODOODOOOODOO
newl delete0000000O000O0O0O0O0O0O0O0COOOOOCOOOODOOO

malloc() UOOOOOOOOOCOODOODOOOOOOODO free() OOOOOOOOOODOODOOOO
obobOobobOoboobobooooouonDOobDoOobOn free() DOOO0OOO0OOOODODODODOODO
oboboboo0oO0ono0fd free() OOO0OD0OODOOOO0O0OO0OO0O0OOOOCOOCOOOOOOOOOO
gbobooboocoooooobobooboooocooooOoobOobOoOooOoboOooooOoOobOOobOboOooOoDboOon
(memoryleak) D00 0000000000000 000000000O00O00O00OO free()000OO0DOODO
gboooobOoO0O0ooooOo0oobO0oOobobcdbbD malloc() DOOOOOOOOOOOOOOODOOO
00000000000000000000000 (using freedmemory) 000 00000000000O0OO
gobooooooooboooooodoobo —0o0000obooboooobooooboo0oon0 —40ooo
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gooogo

ggboooobooboboobooboobbooboobbooboobobooboobbooboboobo
goooboboboboooooooobooobobobobobooboobooooboboboboboboboooo
gooobobgoobooobobooooobobooboboobobobooobobDooboboboooboDOon
goooooboobooobooboobobooboobDbooboobbooboobbooboobo
gooboobobobooooooooooboboboboooboooboobDoboboboboboboooo
gogooboooboo:-obbooobbuooobboobbooobbooobbooobbooobbo
goobooboboboooooooobooobobobobooobooooobooboboboboboboooon
gogobobboobbbooobboooobbooobbbooobbobooobboooobbooon
goooooboobbooboobboobobooboobboobuoob bbb booboobo
gbooboobobobooon

Python 0 malloc() O free() 000000000000 0O0OO0O0O0O0O0O0DODO0O0ODOOO00O0O0OOO
o00oo0o0oo0o00o0oo00o0OoOooO000DOoOb00000000000a0 (reference counting) 1000
goooooooooooobogoooooooo:-oboobooboOobOboOobobooobooooDoBooobOon
gobooooboooobooooooOoocOooOOo0oOobOOoO0OobOOoOoobooOoOooOoOOoOoOOOoOoOobboOoOon
gobobooooboooooooooobooooobooOoobooooboooooooooooooOooDoDoOooDboboOooon
gobooooogoooo

000000000000 00000000 (automatic garbage collection) 000000000 (DODOOO
0o0odoooooooooooooOo0oooooooooooOoOoUoUoUoUoooooooooooO o
0 (automatic)” 000 00000)DO000D00D0O0O0O0O0O0O0OO0OODOODODOO free() OOOODO
gdoodoodoobOo0obOo0@obOOodoO00bDo0ooDbOoo0DbOo0obOo0obOOo0oobDoO —oooooo
ooooooopooooo)cOo0oOoOoOoU0oUUUUODUODOoOOoOoO0O0UUODODODOOOODOOOOoOooDOo
0ooooooooooooooooooo0o0oo0oo0ooooooooooooooDgn (malloc()
0O free() DO00O0O0ODODOOOOO —COOOOOOUODODOOO)YOOOOUDODODDODOODOOOO
Joodoo0oooOo coopDoooDUooDOooOooDooDODOooDoOoDO0ooDOoDoOOoDoOooDOoooDOon
ooooooog

Python 0000000 COODOO0OCOODO0OOODO0OOODOO0ODOO0ODOOODODODODDOOODODOOOO
00000 (cycledetector) DO OO OO0 O0ODODOOOOOOOOOOOOOODOOOOOOODOODODOOO
ggobobooobbooobboooobboooo,bbooobbooobbooobbooobbo
goooobOobOobooooooooOooooOobOobOooOoOooOo@UuobOobOobooooo)ybooooo
gooobooboobooobobooobobobooooobobooooboboooboboboboobOoDOon
gooooobooboobooooboobooobooboobDbooboobbooboobbooboobo
gooboboboooooooboobobobobooboobooboboDbo

gooooooodooodooooboobboodoogoooob bbb ddge 000D OOno
0000000000000 0000000000000000000000 (collect()00O)OODOO
goooooobbooobbbooobb oL oo b bbb ooo o
MacOSXODODO)UnixOODODOOODODOOO configure OO OO0 ——without-cycle-gcOOOO
0000000000000 00ooo0oooo00U0oooo0o0oooo0ooooooUoooooooo
gcUOOOOOODODOOOO
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PythonOOOOooooOOoOooO

Python 0O OOOOOOOOOCOO0OOOOCOOODOOOCOOO0DODOOOOO0OODODO Py_INCREF (x) O
Py DECREF (x) U0OUOD0OOD Py DECREF () D0ODODOO0O0OO0OOOODOODOOOOODODOOOOOODOO
oob0o00obO0o0ooO0oOo0ob0DbOo0n0DDn free()0OOO0OO0OOOO0OO0 —OOOOOOODCOOOO
00000000 (wpeobjecy 0000000000 (@MODODOOOOOOO)IODODODOOODODODODOO
goobobobooooooobooboboboboo

O00oOooOooOo0oOoOoO0oO0O0ODOO0OD0: 00 Py INCREF (x) 0 Py DECREF (x) DOOOOOOOOOOO?
goooooOooOoOooOoodoooOodboooooooooooDbDooo o0 (owny’0DOobDOoOO0OO
000;00000000000000O0O0O0O0O0O0OO ownareference 00000000 ODOODODOODOO
goooboboboboooooooooobobobobobooobooboobooboboboboboboooo
0000000 Py DECREF () DOOO0OO0OODOODOODOODOOOOOO (ransfery000O0O0ODOOO
O (ownedreference) 10 00 00O0OCOOOO0O0OO Py DECREF() D0O0OCOOOOOOOOOOOODODOO
gooboboboboooooooboboboboooboooboon

000000000000 0000 (borrow) 000000 00000000 Py.DECREF() 0DD0DDOD
0000000000000 000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000
oooo*l

goooooboobbooboobboobobooboobboobuoob bbb booboobo
goooboobobooob —boboooooboboboboobobooboboboboobobobOoDOoon
gooooooboobooobooboobobooboobbooboobbooboobbooboobo
goooboboboboooooooooobobobobobooobooboobooboboboboboboooo
goboboooboon

Py INCREF () 0O0OOO0OO0O0O00O0COO0OO0OOOCOO0OOOOODOCOO0OOOOOOOOOOOOO0O0
0000 —Py INCREF () 0000000 O0O0DOODOOOOOODOOOOOOOODOOOOOOOO (O
0000ooooooooooooooooooooooooooooooooooooon)d

gobooboooo

gogoooooboobooobooboobobooboobbooboobbooboobbooboobo
gbooboboboooooooboobooboo

goooooboobobootboodoobobobgobobobobobobboboboboLooO
PyLong._FromLong () 0O Py Buildvalue() 0000000000000 O0OO0OO0OOOCOOOOOO
ggboobooobooboboobooboobbooboobboobooboboooboobboboboobo
bbodooobooooooooobobeyLlongFromLong () DOOOOOOOO0OOOOOOOOOOOO
goobobobobooooobooboooboo

PyObject_GetAttrString() UO0OOOOO0O0OO0OOOO0O0DOO0O0O0OO0O0OOO0OO0O0OCODO0C

2 000 ”00007”00000000000000000000:00000000000000000000000000000
ooooo

= 0000000 1000000000000 00000000 —0000000000000000000000000000
oooooooooooooooooooooooo!
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goooooboobboooboobboobobooboobDboobuoobbooboobbooboobo
do00oobooboo0obOo0ob00boboOoUobOd: pyTuple GetItem() O PyList_GetItem()
O PyDict_GetItem() OOOO PyDict _GetItemString() OOOOO0O0OODODOOOOODOOODO
goobooobooon

PyImport_AddModule () DODUODOOO0OOOO0OOO0OOOODOODOODOODOODOOOOOOOOODOODOO
goboobo:00b000b00b0ob0o0oboobobob0obD0o0obO0bd sys.modulesODO0OO0OO
goood

gooooooooobooobooo0oobOooobDoobooobDoboOoOoDbOoobOooOUooDbOoboOog —
J00o0o0DbODbO000000bO0O00Ob py INCREF() DOUOOUOODDDOODOOUOODDDOOO
000000000 o0bOOoOoDOn: pyTuple-SetItem() O PyList_SetItem() DDOOOOOO
00000000 DODOO0O000000D00ODOO0O000O0OD (takeover) OO0 —ODDOOOOOOOO!
(PyDict_SetItem() OO0O0OOO0OO0OO0O0OO0O0OO0O0O0 —O0OOOOOOYOOO”OOOOO)

PythonOO COODOOOCOOOOO0O0OOCOOOOOOOOODOOOOOOOOOODOOOCOOOO
gobodooboooobooooooooobooooboooooooooooooooooooooboOoon
boobOoobOoooobooo0obOoocOobOOoO0oOo0obOOoO0oO0b0OO00bOO0O000 Py INCREF () OO
gopbooobooooooogooo

PythonOOOOOOOO COOOOOOCOOO0OOOOOODOOOOOOD —OO0OO0OCOOODOOOOO
oopboooooog

ERN

goboooobooooboooooobooooobooooboooobooooooooooOoooOoDOoOooboboOooon
gobodoobooooboooooooooobooooboooooooooooooooooooooboooon
ooboooooon

gobodooboooobooooooooobooooboooooooooooooooooooooboOooon
obobo0o00obOOo0oOoo0oOo0o0o0oDnb py DECREF () DOOOOOODODO:

void
bug (PyObject =xlist)
{
PyObject xitem = PyList_GetItem(list, 0);

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

ooboooonolist(0] 00000000000 list(1] 00 O00000O00DO0O0O0O0O0O0O0000
00ooooooooooooooooooooooo?ooooooOO00000!

PyList_SetItem() UOOOOOO0OOO0OOOOO0COOCOOOO0OCOO0OO0COOOO0COO0OO0C
oooooo 1o0ooooo0oooooco 1oooo000oooooobo0oo0ooO0 1o0o0oo0b00o0oaon
ooooooooobooo0oooonDg _del_()OOOOOOOOOOOOOOOOOOOOOOOO
ooooooooooooooo 1000000000000 00000DO0C0OB00O00000 _del__() O
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gobooooooooo

0000 PythonOOOOOOODODO _del__() 0000 PythonODOODODOOOOOODDOO _del__()
Obug() OO0O0 itemO0 00000000000 OOOCOO0OO?0000!'bug() O000O0O0OO
_del__()OOOD0OOCOO0OCOOO0O0OO00OO del list(0]0000000O0O0O0O0O0O0DOOODOOOO
gbobobooDb 1ist{0)00000D0OO0DOOOOOODOODODOO 1ist[0]0DO0DOODOOOOO
goobobob0ob00ooD itemdbO0bOOoOoOoooOoOOoODOD

goooooboobobooboobboobobooboobboobuoob bbb boboboobo
gooboobobooon:

void
no_bug (PyObject xlist)
{
PyObject xitem = PyList_GetItem(list, 0);

Py_INCREF (item) ;

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

Py_DECREF (item) ;

00000000ooooooooooooon PythonO0O0O0OOOCOCOODOODOODOOOO _del__()O
gopoooooooooooOoboOoOoboboOoobo cooooooOooDbOoOooboooOoooog..

g0oo0ooooUoo0oooooooooooooooooooo0 PythonODOODOODOODOODO
gooooobooooooooooooooobobbbboboooooooooooooboboboooooo
goodooooobobbobobobbodot py-BEGINALLOW.THREADS UDOODODOOO0OO0OOOO0OO0OO
Py END ALLOW.THREADS 0O OO OOOOOCOO0O0ODOOOOODOOOOOODOOOOOOOOO
gooooooorroooooOoOoOoocOo0ooOOooO0OoOoOoO0OoObocOoOooOoooOooOooOoboOoOooOoOoOooon
goobobobooooooobobobobooo:

void

bug (PyObject =list)

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

NULLOOODO

gbooooooobooooboOooooOoooOooOoOoobOoOoo N NULLOODOOOOOoOOobOboOooOoOon
gooooooooooogooooboo@oboooooooboboooboooO)yoooooooDbboOobooboooo
goboooooOoocooooOooOoooOOooOoOoOboOoOoooOobcOoOoOoANULLOOOO0ODOOOO0O0OO0O0 NULL
gooooooooboooboooooooooooooooobooobooobboobbooobobooboobog —oo
ooooAaNULLODOODODOOOOOOOOOOOOOOOOOOOOOOOODOOODOOOOOOOO
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o000 NULLOOODO0O0O000000 0000000000 NULLOODOOO0O0O0O0O0O00O0
gboboooboooobo0o0odOmalloc() DOOOOOOCOOODOOOOOOOOOOOOODO

000 Py_INCREF () OO0 Py DECREF () O NULLOOOOOOOOOOOOOODO —OO0O0O00OOO
00000000000 pyXINCREF () OO0 Py XDECREF () OOOOO0OO0O0O0OO0OO

00000000000 000D000000 (PytypeCheck())O NULLOODOOOOOOOOOOOO
0 —0oboocooboooooooooooboooboooboooboocoboooboooboooooOooooboooobooboon
goooooboogooooooooonNLLO0DO0DO0O0O00O00DOO0obOO00DbOOoDbOOoooOooD
goboooboooooNULLOO0OO0OO0O0O0bO0oOoooObcOooono

PythonOO COODODODOODOOOOOCOOOOOOOOOOOD (UOOOODODOD args)0OO00O NULL
00000000000000 —000000000000000O0O0D0o0o0oooo?

NULLODOOO PythonOOOOOOO ”00070000000000000000C00O0OO0O

2111 C++ 00000000 0OOO

C+000000000000000O00D00O0000O00000O00ODO0000O0000 (PythonO OO
goo)ocoooooooooooooooooobooooooooOoooooooooooooooon
goooooooooooooooooOooooo C+0Oo0ooooooooooooooooooooo
000000 PythonOOOOOOOO00ODOOOOO0OO@OOODODOOOOOOD)0O0O extern "C"O
0000000000000 00D000PythonDOO0DDOOO extern "Cc" {...}0000000DO
0000—0000 _cplusplus (000 C++ 0000000000 O0DOOOOODOOOOO)ODOOO
0000000 extern "c" {...}0000000000000O0O0OOOOOODOOOOOOOODOOO

2112 00oooooOo CAPIODOOOO

00ood0oooooooDoo pythonOOOO0OOO0OOCOOOOOODOOODOOODOOUODOOODODOUODODOOO
goooooboobboobooboobobooboobDbooboobbooboobbooboobo
0000oooooo»00oonn (eollection)”0000000O0O0OODOOCOOOOOOOOOOODOO
000000ooooooo CAPIOO0OOODO PythonOOOOOOOO0O0O0O0O0O0O0O0OOOODODOO
gopooooooooooooooOoOooOoOoobo0oobD coooooooooDooOooDboOooo

00oo0o0o0ooQoQooQoOoO0:00000 (@000 staticOO0O0O0O0O0OoOoOo)oooooooooOoOO
000000ooCAPID0000O00O0UOUOO0OODOO0DO0DODOO0DODOO00OO0DO0OOOOOO Python
goooooobooboooboobooobobooboobboobuoobbooboobbooboboobo
goooobooobogooooooboooobobooboobobooooboboobobobooobOoDOon
j0o0odo0o0ooU0o0DOOo0O0ODOoOooUOO;0o0ooU00 pythonODO0O0OODOOOOODOOO
00o00oo0o0oooooU0oooooUooDoooo00 (@00 wWindows)DOOOQOOoOoOOoOooooO
gobooooooO00obDOoOoO0O0oDOOoO00bDOoO0U00ODO000OO0 (AIXODOODOooo)ooooooo
00 @oo000 Unx) 0000000000000 00D00000000000000O000D00ooon

“ 000”0 0000000000000000000000000000 —0000000000000000000000
goooooo
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gobodoobooooboooooooooobooooboooooooooooooooooooooboooon
oooo!

gobooodoobooobobooobooobooobooooooboooboooboooooooonoooon
ob0o0obOo0o0o0b0ooDno staticOOOOOOODODOOOOOOOOOODOOODOOOOOOOOO
g@oooooogooopooogogooo opooooOo)Dooo0oUoUoooDoooOoOooooo
goooooooooboooooooOoOoO0oOo0oOoOoO0bOOo0oO0Ob0 OOobOOoobOOoOO b0OoboboOoboobooo
ooboooooooooon

Python 00 OO0OO0OOO0OODO COOOOOOD(@OOO)ODDOODODODODODODOODODODDODOOODOO:
Capsule (O 0OD0)0DOOO00OCO0O0O Capsule0 0000 (void »)000O00 PythonOOOOOOOO
Capsule 0 CAPIODOO0O0O0O00000O00O0DOO0O0O0OO000O000O0O0O PythonOODODOOOODOODODO
000000000000 0OD0OCapsule0 000000 O0OODOODODOOODOODOODODODOOO
0000000000000 000 mpert 0000000 00000000 Capsule 0000000000
ooo

Oooo0o0O00 CAPIDOOODOOO0OD0OO0OO0O00000 Capsule00 000000000 1000000
00000000000 CAPIOODOO0OO0O000 Capsule J000O0O00O0OOOOOO0OOOCOOOOO
goboooooooooooooboooooOooboooooooooooooOooooDOoDOooDbboooon
goboooboooooood

00000000000 0OCapsuled name 0000 0000000000O0DO0O PyCapsuleNew () O name
00 (const char »)00000O0 NULLO name 0000000000 OCOO0O0OOCOname00OOOOO
0000000000000 00D000000 Capsule000O0000ODOO0O0DOOOOODODOODOOOO
000000 Capsule0 00 Capsule 00 000O0O0O0O0OOCOOOOOOOO

000 CAPIODODOOODOO Capsule 00D 000D O00DOO0OODOOOOOOO:

modulename.attributename

PyCapsule_.Import () 000000000 Capsule 0000000000000 O0ODOOCOOOOOO
OCapsule 0000000000 CAPIDOOOOOOODDOOOOOOOODODOOOOO CAPIODDOOOO
00000000 CAPIDOOOOODO Capsule 00000000000 O0O0O0O0OOOOOOO

gobodoobooooboooooooooboooobooooooooooooooooooooboOoon
ooooooooooooooooooooooOoOoOb0cCocCobobO0o0O0 CAPIODODOO@OoOoooooo
goohOOCapsule0 0000 voidOOOOOOOOOOOODOOOODOODODODODOODODODODODOO
ooooooo0O0O0 mportd CAPIODOOOOOOOOOOOOOOOODOOODOOOO;000000
000000ogcAPIOIO0O0ONO0O0O0O0O0O0O0OO0O0O0O0Oooooon

goboo0oooboboboogobboO 00D 00 spamO000000O0O0OOODOOO0ODOQO spam.
system() 0 COOODO0O0OO system() 00000OD00O0O0O PySpam System() 000000000
oopboO0o0oOoOoOo0oOooo(@DboOoOobDboOg »spam”0000O000DOOO0)O0O0O0DOOOODOOOO
obbOoob pySpam_System () DOOD0DOO0O0O0OO0D0OOO0OOOODODOOOO

00 pySpam_System() 0000000000000 staticOOOOOOOOOCOOODO:
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static int
PySpam_System (const char xcommand)

{

return system(command) ;

spam_system () DO0OD0O0OOO0DOOOOOOODOOODOO:

static PyObject =
spam_system (PyObject xself, PyObject =xargs)
{

const char scommand;

int sts;

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

return PyLong_FromLong (sts);

gobooooooobooboooo

#include "Python.h"

gooboobooboboobooboboob:

#define SPAM_MODULE

#include "spammodule.h"

#define 000000 spammodule  hOOOOOOOOOOOOODOOOODOOOOODOOOODOOOO
goobooboboboooooooobooobobobobooobooooobooboboboboboboooon
gopoDoOoooO CAPIOOOO0OOO0ODOO0ODOOO0ODOOOODOOOODODOOO:

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 x)PySpam_System;

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

ooooooo)
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(O0ooooooooao)

if (c_api_object != NULL)
PyModule_AddObject (m, "_C_API", c_api_object);

return m;

PySpam API O staticU0OUOO0O0O0O00O0OO00ODO0OO0O0OO0O0O0,;00000000 PyInit_spam() U
0o0oooooooooooooooooooooo!

gobbooboobboobid spammodule.h 0000 O0OO0OOOOODOOODOO:

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

#endif

/+ Header file for spammodule x/

/#+ C API functions x/

#define PySpam_System NUM 0

#define PySpam_System RETURN int

#define PySpam System PROTO (const char xcommand)

/+ Total number of C API pointers x/
#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 x*/

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

}

#endif

(ooooooo)
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(Cooooooooo)

#ifdef ___cplusplus

}
#endif

#endif /+ !defined(Py_SPAMMODULE_H) x/

PySpam_System() D0 UO0OO00O0O0O0OO0O0ODODOODODOODO0O0OO0OO0OO0OOOODOOOOODOOO0OO0O
00D0O000000 importspam() OO (OOOODOO)OOOOODO:

PyMODINIT_FUNC
PyInit_client (void)
{

PyObject +*m;

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

return m;

0b00o0o0o00O00b0O0DbO0Ob0n spammodule. hOOOOOOOOOOOOOOOOOOODOOOOOO
gogboboooboobbooboobboobobooboobboobooboboo

O000OCapsule OODODOOODOODOODOODOODODOOOOOOOOOOOOODOODOODO
g0oo0ooU0oo0ooo0ooUoooUooooDoUDooooooDOoO Python/CAPIODODOODO
0000000 capsules, 000 Capsule 00000 (Python DD OIDOOOOOOODOOO Include/
pycapsule.h 000 Objects/pycapsule.cO0000O0O0O0O0O

HRN

22 0 00000D0:0000000

Python 00000000 str 00 1list 00000 Python OO ODODOOOOOOOOOODO COOO
gooboobobobooooooooooboobobobooobobooboobDoboboboboboboooo
gobooboooboobobooboobooobooboobbooboobDbooboobbOooD

221 000000

CPython 000000 Python0OODOODODODOD0D00 PyObject«* 0000000000 0PyObject« O
Python 0 OOOOODOOCOOO 000 (basetype)” D0 DOO0OOOPYyObJject OODOOOODOOOOO
O (reference count) 000000000 0000000 (typeobject)’ D00 O0O0OODOOOOODOOOOO
goooopooooooOo;,0ooooooooo0goooooooo0ooooooooooooooo
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ooooooooooooOo0oo0ooo0o0oooOo0o0ooo0ooooo0ooo0 ©oUoooooooooo
0000o000oooooooooocooo »0ooooon (typemethod)”OOCOOODODO

gobboooboooobooooooooooboooobooooooooooooooooooooonn

oo00oooooooooooooo0o0oooooo00O0 COo000Don custom: 000 CustomO0O
gooboboboooooooboobobobooooooobooobobobob:

go: bobooooobobob obo boobooboboboooboboobobooooobobobOobDOon
00000000000 CAPIODOO PyType FromSpec () OOOOOOOOOOOOOOOOOODOODO
gogoooobooboooobuooboobobooboobboobg

#include <Python.h>

typedef struct {

PyObject_HEAD

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

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

}i

static PyModuleDef custommodule = {
PyModuleDef_ HEAD_INIT,

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

}i

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) ;
PyModule_AddObject (m, "Custom", (PyObject =) &CustomType);

return m;

(ooooooo)
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(Cooooooooo)

goooooobooboooboobooobooboobboobuoobbooboobbooboobo
goopboooo3gooooooooooboon:

. Custom OO0 O0O0O0 O0OODOO0OCOCOO:000 CustomObject JOOOMO CustomOJ 0000
o000 10000000bo0oooooo

2. Custom 0 OO00OD0OOODOO0:000 CustomType 000000000000 ODOOOO
goooobobooboooboooboobbooboboobooboooboobbOooboobDobo
goo

B.custom 000000000 OODOOO: O0ODO PyInitcustom 0000 O0ODOOOO
custommodule DO OOOO

gobooooooo:

typedef struct {
PyObject_HEAD
} CustomObiject;

000 CestomO00000000000OPyObject. HEADDODDOOODODODOODOOOOOODODOOOOO
00000 PyObject 00 obbase000000000O0O0O0O0O0O0O0ODO PyObjectOOO(@ODOO
Py REFCNTOODOODO py_-TYPEOOODOODOOOODOOO)DODODOODODOOOODOOOODODOO
goboooooooobooooooOooOoooOOo0oOobOOoOoOobOOoOoOoboOoOooOoOOoOoOOOOoOoDbboOonon
gobobooooooooobooobbooooooo

gb: 00000 pyObject HEADOUODODOODODOOOOOOOOODOOOODODODODODODO
gooboboboboooo:.obobooooooobobobobo

g0oo0o00ob00ob0ob0obOoboOob0bO0obO pyobject HEADODOUODODOOOOOOOODODODOODO
0000;0000000 PythonOOOOOO0O0O0O0O0O0O0O0O:

typedef struct {
PyObject_HEAD
double ob_fval;
} PyFloatObiject;

20000000000000000

static PyTypeObject CustomType = {
PyVarObject_HEAD_INIT (NULL, O0)
.tp_name = "custom.Custom",
.tp_doc = "Custom objects",
.tp_basicsize = sizeof (CustomObject),

.tp_itemsize = 0,

(ooooooo)
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(Cooooooooo)

.tp_new = PyType_GenericNew,
i

O0: 000000 CYO000U00000000DUDUOoUn pyTypeObject DO0ODOODOODO
gogboobooobooboboobooboobbooboobbooboobobooboobbooboboobo

object.h 000000 PyTypeObject UODUOOOOODOOOOOOOOOOOOO ODOOODO OO
ooooooo0oO0o0o0ooo0oooooooo coo0o0o0ooooooooooooooooooooooo
oobboooboooooooooboocOooboboooboooooon

gooloooooooooooobooooooooo:

PyVarObject_HEAD_INIT (NULL, O)

goboooobogn obbaseDDOUOOODOOODOODODOOODDOODDODODO

.tp_name = "custom.Custom",

gogooooooooobboboooooooobbobbobbbboboooooooooooDbDobobbbbbobo
gobobobobooo:

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

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

jdoooo0oooooO0oo0o0ooU0DOdoDO0oOOoO0oo0OoOU0ooOU0oDOoD0DoOoOoDO0ooDUooOOooDooDOon
goobobb0ooooooooob0oboboDbbd custom0OO CustomJOO0000O0OO00O custom.
Custom 0 UOUODOOD0O0OODOODOOODOO0ODOODOOUOODUOODN pydocOOODOOO pickle
00Do00o0oooooooooDooooooon

.tp_basicsize = sizeof (CustomObject),

.tp_itemsize = 0,

tpbasicsize 00000 Custom 00000000000 PythonOOOOOOOOODODODOOODODO
gboobobobbo0ob0OdbDOtpditemsize 0000000 DO0OO0OOOODOODOODOOOOOOOOOO
gopDoooooooooooobobooooo

00: 00000000 PythonOOOOO0O0O0O0O0O0O0O0OO0O0O0OO0OOOCOOOOOODODOO
tpbasicsize 0000000000000 0O0O0O0O0O0DO0O0O0OOO0O0O0OOO0OO0O0O PythonODO
000000000000 _pases__ 0000000000 OOO0OOOOOOCOODOOOOOOODOOOOO
goboboooboooboooboobboob -_new_()UODOODOOOODOOODOOODOOO
oobo00oboo0ooO0o0O0OCocO0000O0000Dn tpbasicsizeOOOOOOOOOOOOOOOOOO
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ubooobooobo0ooooodooonOn object0OOO0OO0OO0OOODOOOOOOOOOOOOOO
gobooobooooboooooooOoOooOooOoOobOoOobobooOoobooOoooOoOoOoOoOboOooDn

Py TPFLAGS DEFAULTUOOODOODOOOOOOOOO

.tp_flags = Py_TPFLAGS_DEFAULT,

oooooooOO00O00O00O0000000000000000000000 Python3300000000
gooopoooooo0oooo0oooooo0oooooOoooooooooOoooo orROOOOBDOOO
oono

0000 docestring 0 tp.docOOODODODO

.tp_doc = "Custom objects",

0000000o0D0oDDoODOCCOD tpnewOODODDOOOOOCOOOUOOOOOOODODOO Python OO
000 _new__() 00000D0ODOO0O000ODDOOOOO00OODDOOOOOODODOODO APLOOO
PyType_GenericNew () DO O0O0OO0OOOOODOOODOOOODOOOOO

.tp_new = PyType_GenericNew,

gobooobooooboooooboOoobObo0obo0o0onood pyInitcustom() OOOODOOOOO
oobooooooo:

if (PyType_Ready (&CustomType) < 0)

return;

o000 ANULLOODOOO00O0 obtypeOOOOOOOOODOOOOOOODOOOOODOOOOOOODO
CustomUOoooooon

PyModule_AddObject (m, "Custom", (PyObject =*) &CustomType);

oobooooooobooOobooob0oO0oob0O0o0Db0d customOOOO0OO0O0O000O CustomO4O0O0O
ooboooooooooogn:

>>> import custom

>>> mycustom = custom.Custom()

0000!0000000000000; custom.c0000000000000000000000O0O0O
0000000 setuppy 000000

from distutils.core import setup, Extension
setup (name="custom", wversion="1.0",

ext_modules=[Extension("custom", ["custom.c"])])

gogbobooobooboobboobooon
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$ python setup.py build

000 custom.so0O00000O0OCOO0O000000ODOO0OCOCOO0O0O0O00O0OODOOCOOOPythonO
00000 -000 import customOO0OCustomOOO00O0O00D0OOCOO0OOOOODOOOOODOOO

0ooDoooooooooooooo?

gopoo0ooDoo CsstomJ0O00000OOCO0ODOOCOOODOOODOOODOOOOOOOOOOODOOOO
gbooboboboooooobobobobo

O0: 0000000000 distutilsO000O0O00O0O0O0 COOOO0O0O0O0OOOO0OO00OOOOOO
00b00O0000000DbO0000000 setuptools0O0000O0O0O00O0O0OOODOOOODOCOOOO
000000000000 00oDooO0oO0ooooOooOoooOOd Python Packaging User’s Guide D 0000
ooooo

222 00000000 O0O0O0oOoOoOOOO0OOOOO

goooooboobooobooboobobooboobDbooboobbooboobbooboobo
gboobob0ob0ob0oooooob0obObO custom2000000D0O0O0OOOOOODOO:

#include <Python.h>

#include "structmember.h"

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

} CustomObiject;

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

static PyObject =
Custom_new (PyTypeObject *type, PyObject *args, PyObject xkwds)
{

CustomObject =*self;

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

self->first = PyUnicode_FromString("");

if (self->first == NULL) {

Py _DECREF (self);

(ooooooo)
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(Cooooooooo)

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

}
return (PyObject x) self;

static int
Custom_init (CustomObject +self, PyObject xargs, PyObject xkwds)
{
static char *kwlist[] = {"first", "last", "number", NULL};
PyObject xfirst = NULL, =xlast = NULL, =tmp;

if (!PyArg_ParseTupleAndKeywords (args, kwds, "[00Oi", 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;

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 x/

}i

static PyObject =
Custom_name (CustomObject xself, PyObject *Py_UNUSED (ignored))

{

(ooooooo)
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(Cooooooooo)

if (self->first == NULL) {
PyErr_SetString (PyExc_AttributeError, "first");
return NULL;

}

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

}

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

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

}i

static PyTypeObject CustomType = {
PyVarObject_HEAD_INIT (NULL, O0)
.tp_name = "custom2.Custom",
.tp_doc = "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,

i

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

}i

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) ;

(ooooooo)
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(Cooooooooo)

PyModule_AddObject (m, "Custom", (PyObject =) &CustomType);

return m;

gogboboooboobooobooboobboobg

000 include OO0 OODO:

#include <structmember.h>

00000000000000 incnde 000000000000 0O0000O0O0ODO

CustomO 0 OO0 COOODO30000000 firstO last D000 number 000000000000 first
Ost00000000000000000000000 PythonOOOOO number 000 (CODODO)0O0O
gooog

gobboooboooobooooooocoobooOooboOoooo:

typedef struct {
PyObject_HEAD
PyObject «first; /«+ first name =/
PyObject xlast; /# last name #/
int number;

} CustomObiject;

gooooobooboooboobooobooboobbooboob bbb booboobo
goobobobooooooboobobobooog:

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

ob00d tpdeallocUOUOO0OOOODOOOODO

.tp_dealloc = (destructor) Custom_dealloc,

0000000000000 PythonOOOOOOODOOODOOODOOOD Py XDECREF () DOO0O NULL
J0000D0O0D0O0O0D0 (O0D00tpnewODOODDOOODDOODDOODOOODO)YODODOODODOOO
00 (Py_-TYPE (self) 0O0OO0OD)0DO0O0O tpfreeOOUOODOODOOODOOODOOOOODODOOODO
gogbobooboobboobbuooboobboobuobobuoobboobbuoobd CustomType OO O
goobobobobooon

0 0: The explicit cast to destructor above is needed because we defined Custom_dealloc to take a
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CustomObject = argument, but the tp_dealloc function pointer expects to receive a PyObject « argu-

ment. Otherwise, the compiler will emit a warning. This is object-oriented polymorphism, in C!

goboooooooooooooobobooobboOoOoDboOo0oDOoOb0ttpnewdOOoooooooOoOoOoO
gopDo:

static PyObject =
Custom_new (PyTypeObject xtype, PyObject xargs, PyObject xkwds)
{

CustomObject =xself;

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

self->first = PyUnicode_FromString("");

if (self->first == NULL) {

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

gobobdd tecnewdODOOO0OOOOOOOODOO:

.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-new is passed the type being instantiated (not necessarily CustomType, if a subclass is instantiated) and
any arguments passed when the type was called, and is expected to return the instance created. tp_new handlers
always accept positional and keyword arguments, but they often ignore the arguments, leaving the argument

handling to initializer (a.k.a. tp_init in C or __init__in Python) methods.

O0: tpnewUOUOOO tpinit 00O0O0OODODOODOODOOOOOOOOOOOOOOOOOOOOO
oogd

OO0 tpnewOOOOOtpallocOO0O0O0O0OO0DOOOOOOOOOOOO:
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self = (CustomObject =) type->tp_alloc(type, 0);

0000000000000 0O0b00bO0b0O0DbO0ODb0ODO tpallocOOOONULLOOOOOODOOO
gooooboobo

0 0: Wedidn’t fill the tp_alloc slot ourselves. Rather PyType_Ready () fills it for us by inheriting it from

our base class, which is object by default. Most types use the default allocation strategy.

O0: DO00O0OD0O tpnew(@ODOOD tpnewOOO _new__() OOOOOOODO)OOOODOOO
jjodooooooooooooooodooooooooDoo0ooDoodoooDoooDoOooo ooon
goobooboboo0obu0obobO0oUbbO tpnewODOOODOODODOO type->tpbase->tp_new
000D0O0000O0O00bO0O000DO0O00DOO00O0DOOoOOd PythonOODOOOODOO PythonOOOODO
00oo00oooooDoooDooooooDo0ooo0o0o0ooo(@MUODo00oooooooooooon
0000 TypeError 0000000 OOODOOOODOOONO)

We also define an initialization function which accepts arguments to provide initial values for our instance:

static int
Custom_init (CustomObject +self, PyObject *args, PyObject xkwds)
{

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

PyObject xfirst = NULL, =*last = NULL, xtmp;

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

return -1;

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

}

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

}

return O;

000 tp-init0000O00O0O0OOO
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.tp_init = (initproc) Custom_init,

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

or —1 on error.

Unlike the t p-new handler, there is no guarantee that tp_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
call the __init__() method on our objects. For this reason, we have to be extra careful when assigning the new

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

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

self->first = first;

But this would be risky. Our type doesn’t restrict the type of the £irst member, so it could be any kind of object.
It could have a destructor that causes code to be executed that tries to access the £1irst member; or that destructor
could release the Global interpreter Lock and let arbitrary code run in other threads that accesses and modifies our

object.

To be paranoid and protect ourselves against this possibility, we almost always reassign members before decre-

menting their reference counts. When don’t we have to do this?
- 0J0000O0O0O0OO0 10000000000 DO0OO

» when we know that deallocation of the object*! will neither release the GIL nor cause any calls back into

our type’s code;

* when decrementing a reference count in a tp_dealloc handler on a type which doesn’t support cyclic

garbage collection’”.

gogoboooooboboooobboooobboooobbooobbooobbboooobboooLb o
gboooooooboboboooooooboooboDbo:

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), 0,
"custom number"},
{NULL} /% Sentinel =/

}i

U0DbOo0bO0odl tpmembers 00000 0OOOOO:

*l 000000000000 00D00000000000000000000000000
*2 We relied on this in the t p_dealloc handler in this example, because our type doesn’t support garbage collection.
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.tp_members = Custom_members,

Each member definition has a member name, type, offset, access flags and documentation string. See the [1 [J [J

00000000 section below for details.

oooooooodPbPython 00O 0OCOOOOO0OOOOODOOOOODOOOOODOOOOODOOOOODO
00000000 fist0000000 last 000000000000 O0OOOOOOOOOOOODOOODOOO
00 PythonOOODOOOOOOOO0OOOOOOOOOUODOODOODOOOO (dehDOODODDOODOOOOOC
goooooconNLLODOOO0ODOOODOOOOOODOOOOANLLOOODOOODOOOOOOOObOOn
oobooooooooooooboooANULLOOO0OOOooooon

0000 Custom.name () 0000000000 DOO000O0OCOOUO0ODOOOOOOCOO fisstDOOoQO
000 lastODO0O0O0OOOODOODOODOODOOODOOOOODOOOO

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

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

00ooooocopoopoooDoDoOD custom(UUOO0O customO0O0O0O0O0O0)0000O0ODOODOOO
goboooooobobooboboooboobooobooboobooobobobooboobbOoon
gogoooobooboooooboobooobooboobbooboob bbb booboob o
0000000000000 0000000000000000 PythonOOODOODOOOOOOO:

def name (self):

return " " % (self.first, self.last)

first OO0OD0 last 00000000 NULLODOOOOOODOOOODOOODOOODOOODOOO
goooooooooooboobooboboboboANLLOO0OD0O0ObO0ObOO0bOO0oDbOobDOobOobOOoboon
goboobooobooboboooboobooobooboobboobuoobDbooboobbOoob

gobboooboooooooooboOoOoboOoOoOoboOoOoOoOobOOoOoOobOoOoOoOoooog:

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

}i

(note that we used the METH_NOARGS flag to indicate that the method is expecting no arguments other than self)
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and assign it to the tp_-methods slot:

.tp_methods = Custom_methods,

Finally, we’ll 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_custom?2 (), update the module name in the PyModuleDef

struct, and update the full class name in the PyTypeOb ject 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)

223 00000ooooooooo

In this section, we’ll provide finer control over how the first and last attributes are set in the Custom
example. In the previous version of our module, the instance variables first and last could be set to non-

string values or even deleted. We want to make sure that these attributes always contain strings.

#include <Python.h>

#include "structmember.h"

typedef struct ({
PyObject_HEAD
PyObject xfirst; /x first name =/
PyObject =xlast; /x last name */
int number;

} CustomObiject;

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

static PyObject =
Custom_new (PyTypeObject xtype, PyObject xargs, PyObject +kwds)
{

(ooooooo)
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(Cooooooooo)

CustomObject =xself;

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

self->first = PyUnicode_FromString("");

if (self->first == NULL) {

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

}
return (PyObject =x) self;

static int
Custom_init (CustomObject +self, PyObject *args, PyObject xkwds)
{

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

PyObject xfirst = NULL, *last = NULL, xtmp;

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

return -1;

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

}

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

}

return O;

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

}i

static PyObject =

(ooooooo)
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(Cooooooooo)

Custom_getfirst (CustomObject xself, wvoid xclosure)
{
Py_INCREF (self->first);

return self->first;

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

return O;

static PyObject =
Custom_getlast (CustomObject xself, wvoid xclosure)
{

Py_INCREF (self->last);

return self->last;

static int
Custom_setlast (CustomObject xself, PyObject *value, wvoid =xclosure)
{
PyObject xtmp;
if (value == NULL) {
PyErr_SetString (PyExc_TypeError, "Cannot delete the last attribute");
return -1;
}
if (!PyUnicode_Check (value)) {
PyErr_SetString (PyExc_TypeError,
"The last attribute value must be a string");
return -1;
}
tmp = self->last;
Py_INCREF (value);
self->last = value;
Py_DECREF (tmp) ;

return 0O;

(ooooooo)
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(Cooooooooo)

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 =/

}i

static PyObject =
Custom_name (CustomObject xself, PyObject xPy_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"
}s
{NULL} /* Sentinel x/

}i

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

}i

static PyModuleDef custommodule = ({
PyModuleDef_ HEAD_INIT,

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

}i

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

(ooooooo)
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(Cooooooooo)

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

Py_INCREF (&CustomType) ;
PyModule_AddObject (m, "Custom", (PyObject =) &CustomType);

return m;

first OO0 last 00000000 O0O0COD0OO0O0O0O0O0O0CODOOOO0 getter000O0 setter I 000
0000000 first 000000000 0O0OO (getter 10000000000 O0OOO (setter) 00O :

static PyObject =
Custom_getfirst (CustomObject xself, wvoid xclosure)
{

Py_INCREF (self->first);

return self->first;

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

return 0;

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

based on data in the closure.)

The setter function is passed the Custom object, the new value, and the closure. The new value may be NULL,
in which case the attribute is being deleted. In our setter, we raise an error if the attribute is deleted or if its new

value is not a string.

0000 pyGetSetDef DOOOOOOOODOOO:
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static PyGetSetDef Custom_getsetters[] = {
{"first", (getter) Custom_getfirst, (setter) Custom_setfirst,
"first name", NULL},
{"last", (getter) Custom_getlast, (setter) Custom_setlast,
"last name", NULL},
{NULL} /#* Sentinel x/

i

UbobOdD tpgetsetd0Oooooooog:

.tp_getset = Custom_getsetters,

The last item in a PyGet SetDef structure is the “closure” mentioned above. In this case, we aren’t using a

closure, so we just pass NULL.

oobooobooooboooooboobobooooooog:

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

}i

0000000 tp-init 00000000000 OODODOODOOOOO0OOO0ODO0OO0O0O0O0O0OOOOOOOO
0 3.

static int
Custom_init (CustomObject +self, PyObject xargs, PyObject xkwds)
{

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

PyObject xfirst = NULL, *last = NULL, =tmp;

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

return -1;

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

}

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

(Jooooooo)

*3 'We now know that the first and last members are strings, so perhaps we could be less careful about decrementing their reference counts,
however, we accept instances of string subclasses. Even though deallocating normal strings won’t call back into our objects, we can’t
guarantee that deallocating an instance of a string subclass won’t call back into our objects.
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(Cooooooooo)

Py_DECREF (tmp) ;
}

return 0;

00000000000 first 0000 last 0000000 NULLOOOOOOOOOOOOOOOO
0000000000000 0ANULLODO0O0O0O000DO000O000000 Py XDECREF() DOODOO
Py DECREF () OOO0OO0OCOOO0OOOO0O0OOOO0DOOCOO0ODOCOO0ODOOOO0O0O000 tp-deallocOOO
goboobodbbU tpnewdddoooobooboobboobooboboobg

gogobbobobbooooooobobobbbbbboodooooooooobooboobbobobbbooooooo
00000 setup.py0000oooboooooooooOO

224 000000000 0DOOOOODOODOOO

Python O:term:‘0 00 0000000 (GC) O O <garbage collection> ‘0000 0000000000000O
0000000000000000000000000000000000000000000000000
gboooooooboobobobobooooooooooboobobobob:

>>> 1 = []
>>> 1.append(1l)
>>> del 1

gogobobbooobbobbooooobobobbooobbbbboooo obbbbooobbboboooo
0000000000000 0000000000000000000000000 PythonOODOOOOO
gbooooooooboobobobooboooooooboobooboboboo

In the second version of the Cust om 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:

#include <Python.h>

#include "structmember.h"

typedef struct {

(Jooooooo)

*+ Also, even with our attributes restricted to strings instances, the user could pass arbitrary str subclasses and therefore still create
reference cycles.
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(Cooooooooo)

PyObject_HEAD
PyObject =«first;
PyObject xlast;

*/
*/

/* first name
/* last name
int number;

} CustomObject;

static int
Custom_traverse (CustomObject xself,
{
Py_VISIT(self->first);
Py_VISIT(self->last);

return O;

static int
Custom_clear (CustomObject =xself)
{
Py_CLEAR (self->first);
Py_CLEAR(self->1last);

return O;

static void
Custom_dealloc (CustomObject =xself)
{
PyObject_GC_UnTrack (self);
Custom_clear (self);

Py_TYPE (self)->tp_free ((PyObject x) self);

static PyObject =
Custom_new (PyTypeObject xtype,
{

PyObject =xargs,

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

}

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

visitproc visit,

type->tp_alloc (type,

PyUnicode_FromString("");

void xarg)

PyObject xkwds)

0);

(ooooooo)
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(Cooooooooo)

static int
Custom_init (CustomObject xself, PyObject xargs, PyObject xkwds)
{
static char xkwlist([] = {"first", "last", "number", NULL};
PyObject xfirst = NULL, =xlast = NULL, xtmp;

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

return -1;

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

}

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

}

return O;

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

i

static PyObject =
Custom_getfirst (CustomObject xself, wvoid xclosure)
{

Py_INCREF (self->first);

return self->first;

static int
Custom_setfirst (CustomObject xself, PyObject *value, void xclosure)
{
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;

(ooooooo)

22. 00000O0OO0:0000000

49




Extending and Embedding Python, 0 0 OO 3.6.9

(Cooooooooo)

Py_INCREF (value) ;
Py_CLEAR(self->first);
self->first = value;

return 0;

static PyObject =
Custom_getlast (CustomObject xself, wvoid xclosure)
{

Py_INCREF (self->last);

return self->last;

static int
Custom_setlast (CustomObject xself, PyObject *value, void xclosure)
{
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;

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 =/

}i

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"
br
{NULL} /* Sentinel x/

}i

(ooooooo)
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static PyTypeObject CustomType = {
PyVarObject_ HEAD_INIT (NULL, O0)
.tp_name = "custom4.Custom",
.tp_doc = "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,
}i

static PyModuleDef custommodule = {
PyModuleDef_ HEAD_INIT,

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

}i

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) ;
PyModule_AddObject (m, "Custom", (PyObject =) &CustomType);

return m;

First, the traversal method lets the cyclic GC know about subobjects that could participate in cycles:

static int
Custom_traverse (CustomObject xself, visitproc visit, wvoid xarg)
{
int vret;
if (self->first) {
vret = visit(self->first, arg);
if (vret != 0)

return vret;

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

return 0;

OO00OO0OCOOOCOOCOOCOOOOOOOOO0O0OO000000O traversal 00000000 visit()
00000000 visit() OODOOOOOODOOOOOtaversal 0000000000000 arg0 OO
coobobooooooooOooooooOoboOoOobOOoOoOoOooOoobooOooOoooDooOon

Python provides a Py_VISIT () macro that automates calling visit functions. With Py_VISIT (), we can mini-

mize the amount of boilerplate in Custom_traverse:

static int
Custom_traverse (CustomObject xself, visitproc visit, wvoid ~*arqg)
{

Py_VISIT(self->first);

Py_VISIT (self->last);

return 0;

O00: The tp-traverse implementation must name its arguments exactly visit and arg in order to use

Py_VISIT().

Second, we need to provide a method for clearing any subobjects that can participate in cycles:

static int
Custom_clear (CustomObject xself)
{
Py_CLEAR(self->first);
Py_CLEAR (self->last);

return 0;

Notice the use of the Py_CLEAR () macro. It is the recommended and safe way to clear data attributes of arbitrary
types while decrementing their reference counts. If you were to call Py_XDECREF () instead on the attribute
before setting it to NULL, there is a possibility that the attribute’s destructor would call back into code that reads

the attribute again (especially if there is a reference cycle).

O0: Youcould emulate Py _CLEAR () by writing:

PyObject xtmp;
tmp = self->first;

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

Nevertheless, it is much easier and less error-prone to always use Py _CLEAR () when deleting an attribute. Don’t

try to micro-optimize at the expense of robustness!

The deallocator Custom_dealloc may call arbitrary code when clearing attributes. It means the circular GC
can be triggered inside the function. Since the GC assumes reference count is not zero, we need to untrack the
object from the GC by calling PyOb ject _GC_UnTrack () before clearing members. Here is our reimplemented

deallocator using PyObject _GC_UnTrack () and Custom_clear:

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

o000 py TPFLAGS.HAVEGCOOOOOODOOOOOOOOOOOO:

.tp_flags = Py_TPFLAGS_DEFAULT | Py_TPFLAGS_BASETYPE | Py_TPFLAGS_HAVE_GC,

gobooboogD tpalloc0OO0OO0OD0O0O tpfree00000OO0DLOOO0DOODOOODOODOODOODO
goooboboboboooooooooobobobobobooobooboobooboboboboboboooo
gooogo

225 0000oooooooo

0000000000000 00000000000000000000000000000000000
000 PyTypeObiject 0000000000000 ODON0ONONOOD PyTypeObject 100D 0DODO
000000000000000000

gooboboooobO 1ist0b0bob subList 000000 oO0oooooooobooboboon
gbobdobdobobooooboobuobuobdobobol increment () UOOOOOODOODOO:

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

>>> print (len(s))

>>> print (s.increment ())

>>> print (s.increment ())
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#include <Python.h>

typedef struct {
PyListObject list;
int state;

} SubListObject;

static PyObject =
SubList_increment (SubListObject xself, PyObject =*unused)
{

self->state++;

return PyLong_FromLong (self->state);

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

}i

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

return O;

static PyTypeObject SubListType = {
PyVarObject_ HEAD_INIT (NULL, O0)

.tp_name = "sublist.SubList",

.tp_doc = "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,
}i

static PyModuleDef sublistmodule = {
PyModuleDef_ HEAD_INIT,

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

}i

PyMODINIT_FUNC
PyInit_sublist (void)
{
PyObject #m;
SubListType.tp_base = &PyList_Type;

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

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

Py_INCREF (&SubListType) ;
PyModule_AddObject (m, "SubList", (PyObject =) &SubListType);

return m;

OobOo0oo0o0ob0ooobooobooobOo0ob customO0oooOooooooOobOOoOoOOoOoOOonooO
ooooo

typedef struct {
PyListObject list;
int state;

} SubListObject;

The primary difference for derived type objects is that the base type’s object structure must be the first value. The

base type will already include the PyOb ject _HEAD () at the beginning of its structure.

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

static int
SubList_init (SubListObject =xself, PyObject xargs, PyObject *kwds)
{
if (PyList_Type.tp_init ((PyObject =x) 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.

This pattern is important when writing a type with custom tp_new and tp_-dealloc members. The tp_new
handler should not actually create the memory for the object with its tp_alloc, but let the base class handle it

by calling its own tp_new.

The PyTypeOb ject struct supports a t p_base specifying the type’s concrete base class. Due to cross-platform
compiler issues, you can’t fill that field directly with a reference to PyList_Type; it should be done later in the

module initialization function:

PyMODINIT_FUNC
PyInit_sublist (void)
{

PyObject* m;

@ooogoooo)
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SubListType.tp_base = &PyList_Type;
if (PyType_Ready (&SubListType) < 0)
return NULL;

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

Py_INCREF (&SubListType) ;
PyModule_AddObject (m, "SubList", (PyObject =) &SubListType);

return m;

PyTypeRead () OOOO0OOO0D0OOO0COOO tpbhaseODOOOOO0OO0OOOOCOOOOOOOOOOOO
gbobobo0o0b0O00n tpallocOUOD0OOO PyType-GenericNew () DO0OODOOOO0OOOOO -0
gooboobobobooooooobooo

00000 pyTypeReady () 0000000 O0ODDOOODODOOOODODOOOODODODODOOOOOO
CustomUOOOOOOGOO

oo

2.3 Defining Extension Types: Assorted Topics

ggboooobooboboobooboobbooboobbooboobobooboobbooboboobo
gogd

U0l pyTypeObject DOODODOO0ODOOOO0ODOOODOODDOODOODOOODOODDOOODO:

typedef struct _typeobject {
PyObject_VAR_HEAD
const char *tp_name; /+ For printing, in format "<module>.<name>" %/

Py_ssize_t tp_basicsize, tp_itemsize; /* For allocation #/

/* Methods to implement standard operations */

destructor tp_dealloc;

printfunc tp_print;

getattrfunc tp_getattr;

setattrfunc tp_setattr;

PyAsyncMethods *tp_as_async; /x 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;

(ooooooo)
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/* 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 x/

unsigned long tp_flags;

const char *tp_doc; /% Documentation string =/

/% call function for all accessible objects */

traverseproc tp_traverse;

/+ delete references to contained objects #*/

inquiry tp_clear;

/+ 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 x/
struct PyMethodDef «*tp_methods;

struct PyMemberDef *tp_members;

struct PyGetSetDef «*tp_getset;

struct _typeobject xtp_base;

PyObject xtp_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 xtp_bases;

PyObject *tp_mro; /+ method resolution order =*/
PyObject xtp_cache;

PyObject =*tp_subclasses;

(ooooooo)
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PyObject #*tp_weaklist;
destructor tp_del;

/+ Type attribute cache version tag. Added in version 2.6 #*/

unsigned int tp_version_tag;

destructor tp_finalize;

} PyTypeObiject;

gbooooooooobooooobooooobooooobooooobOoOoboobOoOobOOobOboOoOoOoboooon
gopbooobooooooooooboooooOooboboooon

ggboobooobooboboobobooboobbooboobbooboobbooboobbobboobo
goooooboobobooboobboobobooboobboobuoob bbb boboboobo
goobooboboboooooooooooboboboboobobooboobooboboboboboboooo
gooobooobooobooboobboobuoobbooboobboobboobboobo

const char *tp_name; /+ For printing #*/

gogboobooobooboboobooboobbooboobbooboobobooboobbooboboobo
0000000000000 o0oDooooooooooooooooooooo!

Py_ssize_t tp_lbasicsize, tp_itemsize; /x For allocation #*/

goooooobooboooboobooobooboobboobuoobbooboobbooboobo
000ooooooooo0oooooPbPython OO0 O0O00ODOOOO (DODODOOOOOODODODODOOOOO)O
gobodoboobuobbobuoobuobboobdab tpitemsizeUUOOOOOOOOOOOOODOOO
goooboooboo

const char xtp_doc;

0000 PythonOOOOOOOOOOO obj..doc__O docstring0 00000000 @OO0O0O0O0OOO
o0)oooooo

gogooboooboobobooboobboobooobobooboobDboobbobbooboo

231 000O0O0oooooooo

destructor tp_dealloc;

O000ooo00bo0O000o000o0o0dPython0 000000 D0OOOOODOOO0DODOOODODOOO
gobooooboooobooooooboooooOooOoOobOboOoO0oobooOooobooboOoooOOoOoOoOOoOoOobboOoon
goboooooooooooooboooooOoooboooobooOooooOoooooOooooDooOooDboboOooon
goboocoooocooood:
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static void
newdatatype_dealloc (newdatatypeobject =xobj)
{
free (obj->0bj_UnderlyingDatatypePtr);
Py_TYPE (obj) —>tp_free (obj) ;

gopboo0ooo0o0oooooooO00ooDoO0U0DoO00ooo0oU0ooOoOooDoDoooDoDOoooDooOoon
000 PythonOO0ODOO0OOOOO0OCOCOOODOOOOOOODOOOODOOOOODOOOUOOODDO (DO
goooooo0oooo)ooooOooOo0ooDOoU0oDOoUoDOOoO0ODOOODO00OOO0UODODOoUODOUODOOOO
00ooooooooo0oooooooooo0o0ooooooooO0d PpythonOOOOOOOOOODOO
gooboooooOoOoooooOoooOoO0ooDOoO0U0obDOo00bDOooUbOOooUOoDooOOoOoDoDOooDLoOOo
00D0Do00o00o0o0oooo0ooDooo0oDo00oDo00o0oo0oooo0ooDoDoooDoDoooDooon
000000000000 0000000o0o0obbO00O0d pyErrFetch() 000 PyErr_Restore ()
goobooboboboooooooog:

static void

my_dealloc (PyObject =*ob3j)

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

if (self->my_callback != NULL) {

PyObject xerr_type, xerr_value, *err_traceback;

/% This saves the current exception state */

PyErr_Fetch (&err_type, &err_value, &err_traceback);

cbresult = PyObject_CallObject (self->my_callback, NULL);
if (cbresult == NULL)

PyErr_WriteUnraisable (self->my_callback);
else

Py_DECREF (cbresult) ;

/* This restores the saved exception state x/

PyErr_Restore (err_type, err_value, err_traceback);

Py_DECREF (self->my_callback);

}
Py_TYPE (obj) —>tp_free ((PyObject~*)self);

00: 0OOoOoUOoUoOoooOooOoUUOoDOOOoUUOU0ODOOODOUOO0OODDOOlOoOoDOoOUOOoOoO
(tp-traverseOOD tpclear0000)0000OCO0OOCOOODOOCOOODOOOOOO tpdealloc
0oo000oooo0oo0d0oo0ooo0ooo0ooo0oDo0ooo0oooo0ooo0o0oooooooDoooon
20000 tpdeallocO0O0O0OOO0ODOOOOODOOOODOOOODOOO:DOOOODOODOODO
00oDoO00ooo0oOo@UuoodUoDoOO0)0o000DDO0D0DO APIODDOO0ODODOO tpdeallocOO
goboooooOooooooOoboOoOobooooooooooooo
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Python340000000000000000D00O0 tpdeallocOO0O0OO0OODODOOOODOODDODO
tp_-finalizeOOOOOOOOOOOOOOOODOOOODOOO

O0e:

PEP442 0000000000000 0OO0O0ODOOOOOOOO

232 00000000

Python 0000000000000 000000000 20000000000 repr() 0000000
00 str() 0000000000 (print () 00000 str() OOOOCOOOO0)0OC0O0O0O0O00O00OOO
ooboooooog

reprfunc tp_repr;

reprfunc tp_str;

tprepr 00 000O0O0DOOOO0O0O0DOOOO0ODODOOOODODODOOODODOOOODOOOOODLODOOO
gbooboboboooooooboobgb:

static PyObject =
newdatatype_repr (newdatatypeobject * obj)
{
return PyUnicode_FromFormat ("Repr-ified_newdatatype{{size:%d}}",

obj->obj_UnderlyingDatatypePtr->size);

tprepr U0 00O0O0O0D0ODOOO0OO0O0O0DODOOO0O0ODODODOOOO tpmame 00000 O0OO0OOO
gooboboboooooooboboobon

tpstr 00000 str() OOOOOOO tprepr 00000 repr () DOO0O0O0O0O0OOOOOOOO
OO0 Python OO OOOOD0OOOO0OODOOOOOOODOD str() DO0OOOOOODDOOOOOOOO
gogobDod tprepr00go0nooooboo0obOo0oobOoOo0bO0OO0O0bOO0o0bO0o0bOOo0DO
gopbobOoob tpstr 000000000 DOO0ODOO0ODO tp-reprddboonoooonOd

oggoboobod:

static PyObject =
newdatatype_str (newdatatypeobject % obj)
{
return PyUnicode_FromFormat ("Stringified_newdatatype{{size:%d}}",

obj->obj_UnderlyingDatatypePtr->size);

233 0000goog

ggbooboooboobobooobooboobbooboobbooboobobooboobbobboobo
goooo0oobOoobooobobooobOoo0bOO0oDO0obODOoO0bO0 (@CoOobDoobooobOo)yboboobooo
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ooooooooooo@oooooooooo)boo0ooooooOooooobobooooooboOoooon
goboooboooobooooooooooANLLO0O0O000Dn

Python0 200000000000000000O0000O0O0O0O0O0O0O0O0O0OOOOOOO0OOO0O0OO
gooooooooooobo0obobbobU chars 0o oboboboboboobooogoon
PyObjectx 000000 DOOO0DODOOOO0ODOOOODOOODOOOOOOOOODOOODOOOOOOO

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

JA e xS/

getattrofunc tp_getattro; /+ PyObject + version #*/

setattrofunc tp_setattro;

oooooooooOobo0ooOb0o0oo0O00OO0(@OoOobOOoOb0O0O0)00000000000 PyObjectx O
00000000000D00000000 (generic) 00000000000 OOCOOOOOOCOOOOOO
0000 Python2200000000000000000000O000O0O00O0OOO0OO0OOOOOODOOO
gobooobooooboooooooooooooboooon

gboboobooboo

oo0oooOoo obooooooooobo0ooooooOoooOoOoooOooOOoboO00oOooOooOoOooOoooo?O00O0
goboooooooooogn:

1. PyTypeReady () D0 000000000000000000000000

2. 000000000000000000000000D0DD0O0DO00O0O0O000ODODODO0ODOoOO0n
gboooooobooboboboboooooogooo

goooooboobobooboobboobobooboobboobuoob bbb boboboobo
gbooboboboooooobooboboboboobooooboobOoboo

PyType Ready () 0000000000000 DO0OO0ODO0O0OODODOOOO 30000000000
00000000000 00O00DODO0OODOO0O0d escriprory00000OO0ODOCOOOOODOOOO
00D0Do00o00o0o0oooo0ooDooo0oDo00oDo00o0oo0oooo0ooDoDoooDoDoooDooon
gooo3f0ooooAaMLLOO00b0O0OO00OOO0ODOO00OOO0ODOOO0OOO0bOOOO0ObOOOoDOOoOoOn
O0000D0OD0 tpgetattro OO tp_setattrod NULLOUODOUODOOOOOOODOODOOOOO
oobDo0ooooooooon

0doDoO0o0ooo0oo0ooodooD3000oooooooooooogg:

struct PyMethodDef xtp_methods;
struct PyMemberDef xtp_members;

struct PyGetSetDef xtp_getset;

tpmethods O NULLOOOOOOOODO PyMethodDef OO OO0OOOO0OOOO0O0OOO0OOOO0DOOOOO
ooboooboooooooooboOoooboooooobooOoooDoog:

typedef struct PyMethodDef ({
const char +ml_name; /+ method name */

(ooooooo)
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PyCFunction ml_meth; /* Implementation function */
int ml_flags; /* flags =/
const char +ml_doc; /+ docstring */

} PyMethodDef;

gboobooooboooooobobooboooobooooooboboobooOobooooooobooobooooDoon
gobooobooobooboobooobooboboooboboooboooooOoboOooboobOoooooon
(sentineh) OO OOOOOOOOOOOOOOO0O0O00O0000 mlnameOOOO sentinel 00000000
oobDANULLOO0OD0OO0O0DOOO0

200000000000D0ODOO0O0O0ODO0ODOOOO00OOO0OO0OOOOOOOOODODOOOOODOODOCO
0000000 CcCo0oonooooooooooooooooooooooooooooooooooon
gboobobobobooooobooboboboboboooooog:

typedef struct PyMemberDef ({
char *name;
int type;
int offset;
int flags;
char *doc;
} PyMemberDef;

0000000000000 0oo0ooooon escriproryJ00000D0O00OOOCO0OOOOOOODOO
0000000000000 000000D0 type0O0O00O structmember. hOOOOOOOOOOO
00000000 0o0oo0o0oo0o0oooooogd PpythonOOOODODO COODDOOODODODOOOOO
goooooooooin flagsOgooooooooooobooboboboboboboooooon
goboboooboon

0000000000 structmember . hOOOOOOOOOOOOOOOOOOOOROOOOOOOO
gooooo

og gad
READONLY goooooooogo
READ_RESTRICTED 00000 (restrictedmode) DD OO0 O OOOO

WRITE_RESTRICTED | OO OO0 (restrictedmode) OO OO OOODO
RESTRICTED 00000 (restrictedmode) D 0D OO ODOODOODOODO

tpmembers 000000000000 O0OO0O0O0O0O0O0O0OOOOOOOOOOOOOOOOOOGOOO
0000000000000000000000000000000000D0000 docstring0O000O0O0O
gooooo0oO0O0O000000000O000O0O0O0O0O0O00000000 APIDOOOOOODOOOOO
000000000000000000 _doc_._.O000000O docstringd0O00000O00

tpmethods 00000000 O0O0O0C0O0O00O0 name 000000 MULLOOOOODOOOOOOODOO
oono
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gobooboobooooog

gbdobooboobdobdobt charxOO000000D0O0OO0OO0OO0ODOO0OOnamed0 0000000000
goobobO char» 0000 PyObjectx 0 0U0D0O0DOO0O0O0OODOODOODOOOOOODOOOODO
g0DOo000oDoOoOoOobooOoOdOPython2200000000000C0000OO00O0ODOOOODOOOOO
goooooboobooobooboobobooboobbooboobbooboobbooboobo
gooboboboboooooboobobobo

tpgetattr 000000000 0DOOO0O0ODOOOOODOOOODODOODODOOODOOODODO
_getattr__() JO000O0OO0ODOODOODOOOOOOOOOOODODODOOOO

gooooooooo:

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

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

return NULL;

tpsetattr 0000000000 0O0O0OODODODO __setattr__() OO0 _delattr__() DOOQOQOQOO
gooooooooooo0oooOoooOo0oooOoOooOoO0oOoOoOoOoOo3ooOoooooooNULLOODOOOD
ggobooobboobbooobooobboobboobboobobbo0o0bbOn tpesetattr
ooboANULLODOOO00O0O0oO

static int
newdatatype_setattr (newdatatypeobject xobj, char xname, PyObject =v)
{
PyErr_Format (PyExc_RuntimeError, "Read-only attribute: %s", name);

return -1;

234 00000 Ooooo

richcmpfunc tp_richcompare;

tp-richcompare 0000000000000 O00ODODODOOODOOOOOO 1t () 0ODOOCODOOODOO
00 b00b00000 PyObject_RichCompare () O PyObject_RichCompareBool () DO OOMO
gooood

gooooO 200 PythonODOOOOOODOOOOCOCDODOOOOOOO Py.-EQ, PYNE, Py_LE, Py_GT,
Py LT, Py GTOOOD 1000000000000 00DOO0OD 200000000000000000
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oboood py-TrueOO Py FalseODOOOOOOOOOOOOOOOOOOOODOOOOOOOO
0000000000000 pyNotImplementedOODOOOOOOOOOOO NULLOOOOOOOO
oo

gobooobooooboooooboboOoOobobooobooooooOooOoooOoOoOoooDog:

static PyObject =
newdatatype_richcmp (PyObject xobjl, PyObject *obj2, int op)
{

PyObject +*result;

int ¢, sizel, size2;

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

newdatatype omitted +/

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

switch (op)

case Py_LT: = sizel < size2; break;
case Py_LE: = sizel <= size2; break;
case Py_EQ: sizel == size2; break;
case Py _NE: = sizel != size2; break;

case Py_GT: = sizel > size2; break;

Q Q0 0 0 0 Q —~
Il

case Py_GE: = sizel >= size2; break;

}

result = ¢ ? Py _True : Py_False;
Py_INCREF (result);

return result;

235 0000oooooooooo

PythonOOODOOO O0O0O0O “ O0O0OO0O” OO0DOO0ODOOO0ODOOO0O0OOOOOOODOOOODOO
0000000 abstractDO0OOD0OOODOO

000000000000 00000000Python 00000000 0OO0O0OOODODODOOOODODODO
goooooOo0oo0oOoDOoO0oDOoU0ODOOoU0ODOOoO0OOoUODOODO PythonOOOOOOODOODOOOO
goooooobooboooboobooobobooboobboobuoobbooboobbooboboobo
goobooboboboooooooobooobobobobooobooooobooboboboboboboooon
ggogoooooooboobboboooooooooobobbobbbbooooooooooobobbbobobobo
goooooboobobooboobboobobooboobboobuoob bbb boboboobo
goooooooooOo@oooobooUoboUoboOobDOoO0boboOooOoNULLOODOODODOODOOO
goooooboobooooboobooobooboobDbooboobbooboobbooboob o
goopoooono)

PyNumberMethods *tp_as_number;
PySequenceMethods xtp_as_sequence;

PyMappingMethods *tp_as_mapping;
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gooooooobOoooOooooooooooboooooOoDbOooOobOoOooooooOoDOoooOooo
0 CO PyNumberMethods 0000 PySequenceMethods 0000000 PyMappingMethods 00O
0000000000000 0000000D00000o0D0ooo00oo0oDooDOooDoooDooooOd
PythonOODOOOOOOO Objects 00O OOOODOOOODODOOODO

hashfunc tp_hash;

goboobooboooboobooobobooboobbooboobboboboobbobbooboo
goooogo:

static Py_hash_t
newdatatype_hash (newdatatypeobject *ob7j)

{
Py_hash_t result;

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

return result;

Py_hash_t is a signed integer type with a platform-varying width. Returning -1 from tp_hash indicates an

error, which is why you should be careful to avoid returning it when hash computation is successful, as seen above.

ternaryfunc tp_call;

gbooooooboooobobobooboboboooooooboobob0obobOob0o0ong obj1l O
O0O00O0O0O0O0O0OO0OO0OO0OOPythonOOOODODO objl('hello') OOOODODODODODOO tpcalllO
gooooooooo

OO00oo0o3000o00o0oog:

l.sef 0000000000000 O0ODO0O0O0OO0O0O0O0O0ODO0O0O0O00O00 objl('hello") O
OO00Oself 0 objlO0000DOO

2oargs OO0 O0DODOODODDOODOODDODOODODDDODOODDOODODDODODOODDODOOO
PyArg_ParseTuple () UDOOODODO

3. kwds0O0D0O00D0OOODOOODOOOOOOODO NULLOOODOODOOOOOOODOOODOOO
U000 pyArg.ParseTupleAndKeywords () DO UOO0OO0OD0O0O0OOOODODOOODOOODOO
coooooooobooooANLLOODODODOOODOOOOODOODOOOODOOOOOOn
gbob0000 TypeError 00000000000

000 tpcallODOOOOOOO:

static PyObject =
newdatatype_call (newdatatypeobject xself, PyObject xargs, PyObject xkwds)
{

PyObject xresult;

char xargl;

char xarg2;

(ooooooo)
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(Cooooooooo)

char xarg3;

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

}

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

return result;

/+ Iterators =%/
getiterfunc tp_iter;

iternextfunc tp_iternext;

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

to the Python __next__() method.

Any iterable object must implement the tp_iter handler, which must return an iterator object. Here the same

guidelines apply as for Python classes:

* For collections (such as lists and tuples) which can support multiple independent iterators, a new iterator

should be created and returned by each call to tp_iter.

* Objects which can only be iterated over once (usually due to side effects of iteration, such as file objects)
can implement t p_iter by returning a new reference to themselves — and should also therefore implement

the tp_iternext handler.

Any iterator object should implement both tp_iter and tp_iternext. Aniterator’s t p_iter handler should
return a new reference to the iterator. Its tp_iternext handler should return a new reference to the next object
in the iteration, if there is one. If the iteration has reached the end, tp_iternext may return NULL without
setting an exception, or it may set StopIteration in addition to returning NULL; avoiding the exception can
yield slightly better performance. If an actual error occurs, tp_iternext should always set an exception and

return NULL.

2.3.6 000 (Weak Reference) 0 0 00O

One of the goals of Python’s weak reference implementation is to allow any type to participate in the weak
reference mechanism without incurring the overhead on performance-critical objects (such as numbers).

od:

Documentation for the weakre f module.

For an object to be weakly referencable, the extension type must do two things:
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1. Include a PyObject * field in the C object structure dedicated to the weak reference mechanism. The

object’s constructor should leave it NULL (which is automatic when using the default tp_alloc).

2. Set the tp_weaklistoffset type member to the offset of the aforementioned field in the C object

structure, so that the interpreter knows how to access and modify that field.

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

typedef struct {
PyObject_HEAD
PyObject sweakreflist; /# List of weak references */

} TrivialObiject;

And the corresponding member in the statically-declared type object:

static PyTypeObject TrivialType = {
PyVarObject_HEAD_INIT (NULL, 0)
/% ... other members omitted for brevity ... */
.tp_weaklistoffset = offsetof(TrivialObject, weakreflist),
}i

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 =x) self);
/#* ... remainder of destruction code omitted for brevity ... */
Py_TYPE (self) ->tp_free((PyObject =x) self);

237 00O0Oooog

In order to learn how to implement any specific method for your new data type, get the CPython source code.
Go to the Objects directory, then search the C source files for tp_ plus the function you want (for example,

tp-richcompare). You will find examples of the function you want to implement.

When you need to verify that an object is a concrete instance of the type you are implementing, use the

PyObject_TypeCheck () function. A sample of its use might be something like the following:

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

O0e:
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Download CPython source releases. https://www.python.org/downloads/source/

The CPython project on GitHub, where the CPython source code is developed. https://github.com/
python/cpython

24 CO0OD0 C++ 000000

CPython D COOD 0O0D0ODO0 0000000000000 O0OD (00 LinuxD .so00000 Windows
0 .pyd0000)000

gobbooboobboobboobobooboobbo0 pyTHONPATHHOOODODOODOODOODO
0000000000000 000oooooDooCo000000Odiswtils0 000000000 OOOO
gogboooobooboobboo

ooooO0oooooooooOooooo:
PyObject* PyInit modulename (void)

0000000000000 000 PyModuleDef 000D ODOOOO0OODOODOODODODO initializing-
modules 0000000000

000 ASCIO0000OC0O00DODOO0O000O0000 PyInit_<modulename>[ <modulename>
0000000000000 00D00OO000O0OO0OdOO O multi-phase-initialization 0 0000000000
oo0ooDoOo ASCIOO0DO0OO0ODOOO0O00O0D0OO0ODODO0O0O00D0O0 PyInitU.<modulename>
00 <modulename>00000000000000O00O00O0O0O PythonO punycode 00O ODOOODOONO
0000o00ooooooogddpythonOOODODOODOOODOODODOODOO:

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

1do0dooooooodododododooooooooooooooooooooDooDOooDoOooooag
gooooooooooO0oO0oO0oO0OO0OO0000O0000LO0UUUUD0D0D0D0D0D0D0D0D0DODOoOOoOoooo
goooobbooobbooobboobobooobb oo b bbb oL b oo obobbo
PEP 489 O ”Multiple modules in one library” 00000000000

241 distutils OO0 COUOO0 C++ 000000 OOOOO

00000000 PythonOOOOO distutils 00000000000 0distutils 0000000000000
ooo0ooooooOoOooooOo0ooooooooooO0oO0oOooooooOO0O0OO0O00000 distatils
gopoooboooooooooo

distutils 00 0000000000000 COOO (driverscript) D00 setup.py00000000 setup.
py 0000 Python OO O OODDODO0ODOO00OOOODOOOOODOOODDOOODOO:
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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])

00 setup.py 00000 demo.c0000000O000000

python setup.py build

godoobdO demo.cOUOOOODODOO demoOUOOODODOOOOODODODOO buildOOOOODOO
0000000000000 D000000000000 build/lib.systemO0O0O0O0O0OODOOOOO
00 demo.so U demo.pyd DO OOOOOOOOOODOOOOO

setup.py UO0OO0O0D0O00D0O00D0O00D setup00000000D0O0O0DOOOODODOOOOODOO
gooobooboboboooooooooobooboboboboobooooobDoboboboboboboooo
goooooobooboooboobooobobooboobboobuoobbooboobbooboboobo
Python 00000 0IOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO distutils O
00D0OO00O0D0O0Odistutils-indexOOOOO0OQO distutils 00000000 OO0ODOOCOOOO;000000O
ggbobooboobboobboobbooboo

ubdooouoooooooooooodnn setup() DODOODOOOOOOOOOOOOOOOOO
0000000000 setup() O extmodulesO0O0OO0OO0OO0O00OO0O0O0O0O0O0O0O0DOOO0DOOOO
ExtensionO00O00O00000O000O0O0O0O0O0DO0COO0O0O0O0demo00000000O0DOCOOOOOO
gbobobobobooudbd demo.cUboboboooooooboobOobOobOOOO

gobooooboooobooooooboooooOooOoOobOboOoO0oobooOooobooboOoooOOoOoOoOOoOoOobboOoon
gobooobooooooooooboooooboooobobo0oooboooooboooooooo

from distutils.core import setup, Extension

modulel = Extension('demo',
define_macros = [('MAJOR_VERSION', '1"),
("MINOR_VERSION', '0')],
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’,

@ooogoooo)
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(Cooooooooo)

long_description =

This is really Jjust a demo package.

T
4

ext_modules = [modulel])

uobodooooooooodoiood setup () UOOOOO0OO0O00OO0O0C0O0O0O0O0O0O0O0O0OOO00OO0
gobodoobooooboooooooooboooobooooooooooooooooooooboOooon
oobooooooooboooooobooooobOoOooboOoboobooOooboOoOooooOoOoOoOOoOooboboOooon
O0000o0oO0distwtils 00 0000000000000 0O00OO000000O00O00000 UnixOODOO
gobboooobooooooooobOocOoOobobocoOoboooooon

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

—temp.linux-1686-2.2/demo.o

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

—1inux-1686-2.2/demo.so

0000000000000 oDoo0ooooOgUO;distutils 00000 distutils 0000000000
goobobobobooon

242 0000000000

oobooobooooooooobOocOoobobooobooooooooon

gobooobooooboooooooooobooooboooooo;ocoooo0ooobooooo

python setup.py install

ggoobooboobobooboobobooboob,boobboboboobo

python setup.py sdist

gogooobobbbboooooobbbbboooooobbbbibooo;,b000 MANIFEST.inODOOO
O0000;0000 manifest0000OD0OOODOOO

ggbooooboobooobooboobbooboobbooboobbooboobbooboboobo
gbooboboboooooooboboobobo

python setup.py bdist_wininst
python setup.py bdist_rpm
python setup.py bdist_dumb
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25 Windows U 00O CUUD C++ 0000000 O0OOO

00000 WindowsOOO Python OO OODOOOO Microsoft Visual C+ 00 000000000000
oooooooo0oooo0o0oooOo0o00ooOO00oOO0O00OOO00ODOO00ODO0D0ODOO
00000OPythonOOODOODOOOOODOO WindowsOOOOOOOUnixd WindowsOOOOQOQOOOO
oo0o0oooo0o0oooo0ooOo0o0ooo0 UnixO0OOOODOOOOOOOOOOOO

0000000000000 000000000o000O0Ddistuils DO O0O0DO0DO0OO0OOOOOOOOODOO
0000000000000 0PythonO0OO0DODO0OODO0OO0OOO COOODODOODOOOO; OO0 Microsoft
Visual C++ 00 0O

O0: O0D0OO0OPythonODOOOOOODODOOOOODOODOOOOOOODOOOOOOOOOOOOO
ooo0oo00o0o00o0000 xy0oOoOOOOOOOOO0OO0O0O0O0000000;'xr 000000 Python O
0o0ooooooooooooooyrooooooooDOoOO0O0O0000O0Python22.1 000000
ooboxyooooo 22000000

251 0000000000

Windows 00 0000000000000 0UnxOO0O0OO0O0O distutilsO0O0O00000O00000OO
00000000000000000000000distutils 0000000000000 O0OOOOODOOO
0000000;distutils 00000000000 O0O0ODOCOO0OOOO0OOOOOOO distutils-index
gobbooooooobooooboooobbooobboooobboooooobbooobbooon
winsound 00 0000000000000 O0OOOOOOOOOO

2.5.2 Unix 0 Windows OO QOO

Unix O Windows 000000000 OOOOOOOOOOOOOOOODOODOOOO0OOOODOOO
gbooboooocoooooobobobooooooboobooOoboOooboooobOO0obOobOOoOobOobObooooDoOon
ooo

UnixO0O0O0O0O00O0O000ODO (.so)00000COCO0O0O0O0O0OODOOCOCOOOO0O0OODOOODOOO0O0
gopboooooooooooooboooooo0ooboooooooooOoooooOooooOoDOooDbboOooon
gobooooooobooooooOooOoOoOOoOoOobOOo0oOobOOoOooboOoOooOoOOoOoOObOOoOoDbboOonon
gobooooboooooooooboooobooboooboboooon

Windows 000000 00000OCDO (.d11)0000000CO0O0000O0O (dangling reference) 00 0 OO
000000 bO0o0o0obO0o0oOo00oDoO0ooDbO0o0obO0o0o0o00oD0bO0o0obLOO0o0ooOoD DLLOOOOOOO
goooo0ooooOoOoOoOoOOO0OOO0OO0OO0OO0OOOOOO0OO0OOOOOOOOOOOOOOOO,000000
gooobOo bDLLO00d0obOOo0oooboooooooobooooDbooooboooooooooo
oooooooooooooo

Unix00000000000000D0O0O0 (.a)0000000D0 .a000D0000COCDOO0OO00O0O00OO
00 (.opOO00OO0000O0O00O00O0ODOOO0OO0OO0DOOO00C0 (.so)OO0O0OOO0OOO0OOOOOO
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gobodoobooooboooooooooobooooboooooooooooooooooooooboooon
gooooooooooos;oooooobo0ooooooOooooOoOooboooboooboOobboOoboooobooboon
ooboogoon

Windows 0000000000 OOCOOO0OO0OOOOOODODOOCODOOODOOOCODUOOOO @©WoOOO
Jlip0000000O)H)OOODOOOODO UnixOOODO .ae0000000CO0O0;0000000000
gooboobobobooooooooooboboboboooboooboobDobobobobobobobooo
gooooobo bLLOdoboooooobobobobooooobobobDoboooboboboDoo
goooooooOoOooOoobOOoOoOoOobOoOoOoOoOoOoOoDOOoOoOoOoOoOoDLLODOOOOOOODOOOOn
goooooooooooogoo PDLLOODO0ODOO0ODOOOOO0O0OO00O0U0DOOoUoDOoOoooooO
goo0o0o0o0o0obOooOOobOOoo0oobO0obObD bLLOODODOOODOO0ODOODOOO0OODOODDOODODOO
ODLLOOOO0ODOOOOODOOOO

0000000000 o000ooBO COOOOODOO0O0O0OOOOD ADDODOOOOOOOUNxOOO
A.all B.sol C.so000O00O0O00OO0O0OOOCOOOOODOOODO;000000000O000O0O0O0
gooooooBO COODOOOOO0OO0O00O0OODODODOOOOOO0000O0 WindowsOOO A.d110000
000 A.1ip000000000BOCOOOO0O0O0 A.1ip000000 A.1ibO000O0O0O0OODOO
000;00A00000000000000000000000000000O0O0O0O0O0O0O0OO0

Windows 10 00000000000000 import spam0000000000;00000000 spam
d0oo0doo0ooO00o0oDo0oDo0oD00odooDU0DOo0oo0oDooDoUNxO0DOOOOOoOooOoono
000000 from spam import x000000;0000000000000000O00DO0ODOO

253 DLLOCOOO

Windows O 00 Python O Microsoft Visual C++ 0 00000000 0; 000000000000 OCOCO0OO
000000000o0oood BollandOOODOOOOOODOOOOH)ODOOOOODOOODO MSVC++0OOO
gooog

Windows 0 DLLOOOOOO0ODO pythonXy.1libOOOOOOOOOOOOO0O0ODOOOOOOO DLLO
spam 0 ni(spam D000 CODOOODOOOOOOOO)0000000000000O00OO0OOOOOO:

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

gobobooboobogbbdd: spam.objld spam.dl1 000 spam.1ib 000000 Spam.dll
00 (PyArg-ParseTuple () OO00O0O)PythonO O OO OOOOD0OCOOOOO pythonXy.libOODOO
OPythonO0OOOODOOOOODOOOODOO

00000000000 ni.dll(@O0 .obj0 .1ib)00000D00O0O0OOCOCQO spam0 Python OO O
ggboboobooboboooboobooboboobooboa

00000o0o0oo0pDooo0o0C000U0U0U00DUD0oo0DDoOOC0O000DUOUDUUODOoDoOoODOOO (Python
000Q00O0OD0) 00000000000 DDOO0O0O00OO0OUOdvoid _declspec(dllexport)
initspam(void) O PyObject _declspec(dllexport) =*NiGetSpamData (void) O 0O 0O OO
_declspec(dllexport) DODOODOOOOOOODO

72 020 000000000000O0O000OOO0




Extending and Embedding Python, 0 0 OO 3.6.9

Developer Studio 0 00 0000000000000 00O0O0 DLLOOOODOOOOOOOOOOOO
jooK o oooooooooooooooooooooooooooomooooooooOoOooDoOooon

gogooooboob™oooboobobooooogo oooobobobbbbbobo bbb bbbooo
msvertxx.1libO0O0O0O0O0O00O0D0O0OO0OO0O0OO0OOOOO
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75

0 30

DO0000000O0Oooood Python O
Jobooooogod

Python 00000000 ODOOOO000O0ODODOOCOOOO0O0O0ODOOOCOOOO0O0OOOO CPython O
goooboboboboooooooogooboboboboooobooboobooboboboboboboooo
ggboboooboobboobo

31 000ooooooooo PythonOoOoonO

ooo0o0 PythonOOOOODOOODOOOD COOOOOOODOO PythonO0OOO0O0O0O00O0O0OODOOO
gooooooooooo0ooooooooooooooooooOo:DoooooOobO Cc/lc++0ODOo0ODOOoOoO
OO0 PythonO0OOOOO0OOODOO0DODOO0OOO0O0O0O0OO0OOOOOODOOODOOOOOODOOOOOO
gooooooco Cc+~+00oob pythonOOODOOOOOOODOOOOOOOOOOOODOOOOOOO
00;0000Python000000DOOODOO000000000000000O0O00O0O0O0O0O0O0OODOO
ooo0ooooooooo0oOooooooOoboo pythonOODODOOOOOOOOOOOOCOOOOOOOO
goboooooooo

Python OO COODOO Python OO OOOOOODDOODDOOOOOCOODODOOOODOCODODODOOO
Python 0000000000000 00O0O0O0OOOODOOOOOOCOOO PythonOOOOOOOOOO
OO0 PythonOOOOODODOODOOOCOOOOOOOOOOO PythonODODODOOD —O0O0OOODODODODO
000000000o0o0o0o00 PythonOOO0O0O0O0O0O00O0O0O0O0O0DODO PythonODOOOOOOOO —0O
goooboboboboooog

good PpythonOOOOOODOOODOCOOOOOOOOODOOODOOODOOUODODUODOODOODODOOO
0000ooooooo0o0ooooooooDO pythonODODOOOOOOOODDODDOOOOOOOOODOO
000 py_-Initialize() OO0O0O0O0O0O0D0OOCOO0O0O0ODOCOOOOOOOPythonOOOOOOOOOO
goooooboobooooboobboobobooboobDboobuoob bbb booboobo
gooogooo

00000o0o0o0o0oooDoDoooo000o0oooooooon: Python 00O 0O OOOO
PyRun_SimpleString() 0000 stdio 00O 00000000000 (OO0ODOOODOOOODOOO
0000o0oo0o0oo0ooooooOg)bD pyRunSimpleFile() 00000000 DOOOOOOOOOO
0000000oooooooooooodPpython0ODOOD0OO0OODOOOOOOODOOODOOODODODO
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O0e:

c-api-index PythonCO OO0 O0O00O0O0000O0O0OODODOODOOOOOOODOOOOOOOOOOOOO
gboooooogo

311 00000000

Python 0 0000000000000 D000000O0O0O0O0O0O0O0O0O0O0O00O0O0O0O0O000000O00O0DO
0000o0ooooooo0oooooo pythonOOOOODOOCOOOOO0OOODOOOOOOOOOOOOO
goboooooooooooobboooooooooog

#include <Python.h>

int
main (int argc, char xargv([])
{
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 0O;

Py_SetProgramName () 0 Py_Initialize() D0ODOOOOOOOODOOOOODOOOOOOOO
goOo0o00oO0O0oDoDO0O0O0o0DOU0DOoUODO0ObOO0O0ODOU0OOODODOOoOODOOPYthon ODOOODODO
Py_Initialize() O0D0DDD0DODOODOOOO0OO0OOOOOO PythonOODODODODODOODODODDODO
0000000000 py-FinalizeEx () O0OOOOOOOCODOOODOOD,ODO00000C0O000OO
00o0doo0oodoodOoOPython D0 00000 ODODO0OOO0ODOODOOOODOODOODODOODOOO
000o0oo00oooU0oo0oooo0oooooo0ooodPPython 0000000 OOOOOOOOODO
PyRun_SimpleFile() OO00O0OOO0OCODDOOOO0OOOOO0ODODOOOOODODOODODODDOOO
0ooooooooooooooon

312 0000000000000 0O0O:00

00o00ooooooooooooD pythonODOODODODOODOODODODOODODOOODOOODODODOOO
g0oooooooo pythonOOOODOOODOOOOOOOOCOODOOODOOODOOODOOODOODOOO
00Do00oo0o0o0ooo0ooDo00oooo0oo0ooooooooDoDooooooooooooog C
gooboboboooooobooboboboboobooboooboobo
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Python 000000000000 OOOOOO0OOOOOOOOODOOOOOOODOOOO0OO0OOOOO0OO0O
oo0o0ooooooooOoooooooOooboO0o0oooooooOoob0O0O00oOoooooOO00n PythonOO C
ooboooooooooooobbooooooooooOon:

1.000C00 PythonOO COOODOODO
2. 0000000000 COO0OOOO0OO0DOOOO0OOO
3.0000000000000CO0O PythonOOODOODO

Python 0000000000000 0O0O0O0O0O0O0O0O0O0O0O0O0OOOOOOOOODO:
1.0000O0 COO PythonOOODOODO
2.0000000000 PythonOOOOOOCOOCOOOOOOODODOODBDODO
3. 0000000000000 PythonOO COOOOOO

gooooobooboooooboobooobooboobbooboob bbb booboobo
goooooooooooodoboOoOooOoOooOooO0obOOoOoO0OOoOoOo0bOOoOoDOooboODOo cogo
000D0o0000o00ooogoDog pythonODOOOOODOOOODOO

oo0oo00O0OPythonOO COOOOODOOOOOOOODOOODOOOOOOODOOOOOOOOOOOO
gobooooboooooooooobooooobooboooboooobooooooooooooooDoOoOooDbboOooon
gobooobooooooooooooooOooOoobOoOoobooooooooooOooOoOooOboOooDnn

313 0000000

O000oo0o0oooo00OPythonO0O0O0O0OO0O0OOOO0ODOOOOOOOOODOOODODOOOODOOO
0000oooooooOoooooOPythonDOOOOOO0OOOOOOO0ODODOODOOOOODODDO (OO
0000000000o00o0o0o000)o

Python 00O 0O0OO0O00O0OOO0DOO0ODODOOODOOOODOOOOODOOODOOOO:

#include <Python.h>

int

main (int argc, char xargv([])

{
PyObject xpName, +*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 =/

(ooooooo)
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(Cooooooooo)

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

if (pModule != NULL) {
pFunc = PyObject_GetAttrString(pModule, argv[2]);

/+ pFunc 1s a new reference #*/

if (pFunc && PyCallable_Check (pFunc)) {
PArgs = PyTuple_New (argc - 3);
for (i = 0; 1 < argc - 3; ++1i) |
pValue = PyLong_FromLong (atoi(argv([i + 3]));
if (!'pvalue) {
Py_DECREF (pArgs) ;
Py_DECREF (pModule) ;
fprintf (stderr, "Cannot convert argument\n");
return 1;
}
/+* pValue reference stolen here: x/
PyTuple_SetItem(pArgs, i, pValue);
}
pValue = PyObject_CallObject (pFunc, pArgs);
Py_DECREF (pArgs) ;
if (pValue != NULL) {
printf ("Result of call: %1d\n", PyLong_AsLong (pValue));
Py_DECREF (pValue) ;
}
else {
Py_DECREF (pFunc) ;
Py_DECREF (pModule) ;
PyErr_Print ();
fprintf (stderr,"Call failed\n");

return 1;

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

return 120;

(ooooooo)
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(Cooooooooo)

return 0;

000000 argv[1] 0000 PythonOODOOOOO0ODOOO argv(2] 000000000O00ODOOOO
goboobobooboboibU exgvgbobooobooboobobooobobo oobobooooDon
0000000000 callJ0O0OOOODHODOOODOD PythonOOODODOOODOOODOOOOO:

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

return c

gobooobooooooooooo:

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

0o0o000oooooooooooooo0C0o0OO0ooo0oooooooon pythonO0O COODODOO
gOoooDoDOo0ooOOoDOoOobCOooOoOPythonOOODOOOOOOOODOOOOODOODOODOOOOO
gboobooboobao:

Py_Initialize();

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

gob0o0obOo0obOo0oboboOonDO pyImport_Import () DO0OODODOODOOODOODOOOODOOO
PythonOOODOO0OO0OO0OO0O0O0O0O0000O000000O00O0 PyUnicodeFromString() OOOODOOO

pFunc = PyObject_GetAttrString (pModule, argv[2]);

/* pFunc is a new reference */

if (pFunc && PyCallable_Check (pFunc)) {

}
Py_XDECREF (pFunc) ;

U00o0O000o00000b00b0ObO pyObject_GetAttrString() DODOODOOOOOOOOOOO
gogogooooooobboobooooooooobobbbbbboboddooooooLbboboo
goobooboboboooooooogoooboboboooobooboobooboboboboboboooo
00000000dpythonOOODOOODOODOODOOODOO:

pValue = PyObject_CallObiject (pFunc, pArgs);

ob00ooobooobo pvalue NULLOOODOOOOOOODOOODOOOOOOOOOODOOODOOOO
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goboooooooooooooo

314 000000 PythonO OO

Oo0o0000oooo Python0 00000000000 0OO0OOOOOODDOOOOOOOOODOOOOOO
0000 Python APIDOO0O0O0O0O0OOOOCOOOO0OO0OOOOOCOOOOOODOOOCOOOOOOOOO
gobooooooooooooobooooOoOooboooobooOooooooooOooooDoOooDboboOooon
gobooooooobooooooOooOoOoOOoO0oOobOOoO0ObOOoOoOobOOoOoOoOoOOoOobOOOOODbOboOOn
000000 PpythonOO0O0000O0DOOOCOOO000O0ODOOOOO0O0ODOOODOOOOOOOOO
00000000000000000000000000 PythonOOOOOOOOOODOOOOOOPython
0000o0oooooooco0o000oooooDoon (ge,0)000000O0O0DOO0OCOOOO0OO0OOOO
gooog:

static int numargs=0;

/% Return the number of arguments of the application command line #*/
static PyObject~
emb_numargs (PyObject xself, PyObject xargs)
{
if (!PyArg_ParseTuple (args, ":numargs"))
return NULL;

return PylLong_FromLong (numargs) ;

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

}i

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

}i

static PyObjectx
PyInit_emb (void)
{
return PyModule_Create (&EmbModule) ;

goddbdbf0main() DOOOO0ODODDOOOOO0ODODODOOOODDDOO Py_Initialize() OODOO
gooooobobo:

numargs = argc;

PyImport_AppendInittab ("emb", &PyInit_emb);

00000000 numargs 00 0000000OCOO PythonODODOODOOOO emb.numargs () OO0
g0ooo0oo0d0ooO0oO0oOO00DOoODbDOoU0DOOUOOOUOOOODOO pythonOOODOOODOOODOOODO
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gobooooo

import emb

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

000DoO000o0o000o0000o00ooO00DoO00oDoooO0ooDoo0nO APIO PythonO OO OOOOOO
gooo

315 C++ 000 PythonOO O QOO

C+00000000 PythonOODOOOODO0;00000000000000000000000C++00O
gooooooooo;oo0o00000C0OO0OO0O0O0O0 CH+O0O0O0C+H+DOOODOOODOODODOOODOOO
00000ooO000oo000boO000OD PythonOO0O C++ 0000000000000 O0ODOOOO

316 UnixOODODOOOO0OOODOooooooooO

Python0O0O0O0O0OO0OOO0O0O00O0O0O0OO0O0OOO0ODOOOOO0OO0@OOO0)00O0DO0O0OO0OO0OOO
oo0oooooO00oooOooO0O0oooOocooO0OoOoOPythonOOOOOOOODOOOOOODOOOOOO
cOoOoO (.so000O0)OOODOODOOODODOODODOODOOODOOODODOODODOO

000000000000 0000000C000000 pythonX.Y-configdOOOOOOODOO (OO
OPythonODOOODOOOOODOODOODOO python3-configOOOOOOOOOODOOOOOO
o)yoooooooooooooooOooOoOoOoOoOoOoOoOoOoOoDOoOOoDbooDbbooooo:

* pythonX.Y-config --cflags 000000000 0O0OOOOOOOODOO:

$ /opt/bin/python3.4-config —--cflags
-I/opt/include/python3.4m -I/opt/include/python3.4m -DNDEBUG -g —-fwrapv -03 -
—Wall -Wstrict-prototypes

* pythonX.Y-config —--1ldflags00000000O0O0OOOOOOODONO:

$ /opt/bin/python3.4-config —--1dflags
-L/opt/lib/python3.4/config-3.4m -lpthread -1dl -lutil -1lm -lpython3.4m -

—Xlinker —-export-dynamic

O0: 00 PythonOOOOOOO@ODODOOCODODO PythonOOOOOOOODODODODO Python)OO OO
g0o0ob0O0b0ob0b0o000On0d pythonX.Y-configQOUOOOOOOOOOOOODOODOO

gooooOoOoOoOooDOoO0OO0OO0o0(@@UUOUUODU0U0UOO0 UnNixO0OODO0D0DO0DO0O0O0OOOooooooooOo
00000000000 Obugreports 1000 0)DODODODOOOOO0OOOOOOODODOOOODOOOOOO
O000000OPython O MakefileDOODOOOOOOOOOOOOOOODOOOODO (MakefileO OO
000000 sysconfig.getmakefile filename () OO0OO00O0OOO)JODOOOO sysconfigO
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gobodoobooooboooooooooobooooboooooooooooooooooooooboooon
gobooooooobooooboooon:

>>> import sysconfig

>>> sysconfig.get_config_var ('LIBS")
'-lpthread -1dl -lutil'

>>> sysconfig.get_config_var ('LINKFORSHARED'")

'-Xlinker -—-export-dynamic'
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HRERE

>>> (J00000000000000000000 PythonODOOODOODOOOOODOOOODODOO

2to3

cobooboboooboooooooooooOoooo

goobooboobbooboobbooobooboooboobboboboobbobbooboo
(000 OUODD D000 {}0D00000)0D00D000O0DO0O00O0DO00O0OD0O0OODOOOOn
OO0OOOCOO0D0O0O PythonOOOOOOOO

Python2x 00000 Python3x OO OOO0O0O0O0O0O0O0O0000000O0O0O0O00O0OOOOOOO
0000 (raverse) 0000000000000 OODOODOOODOODOOO

2003000000000 lib2to3 0000000000000 O00O0O0ODOOOOOOOOOOOO
Tools/scripts/2to3 000000000000 2to3-reference 0000000000

abstractbaseclass (00 00000)00000000 duck-typing0 00000000 hasattr() O

0000000000000 00000D0OD0D0D0D (D00 magicmethods 00 0)0000O0OO
O000000DOoO0O0o0U0UoooooABCOOO (vitmd) DODOODOOOOODODOODOOOOOO
O000000Uddbodoodn isinstance () O issubclass () UO00OO0O0OOO;abcOOOO
gOoO0O0OoOoOoOoOoOoOoOoOoOoOoOoOoOPythonOOOOODOOOD ABCOOOOOOOOOOOO
O0000O(collections.abcO00000O0)0D00O0OD0OMumbers000000)00(io0000O0
00)000000(Amportlib.abc000000)0000000D0000OOOOODOO0O abe
OO0O00OCOo0ooOooOooD ABCOODOOOoDO

annotation 0000000000000 O0O0O00ODO0O00D0O0OODOOOOOOOOOOO0 type hint O

coobooooooon

gooboobooboboobooboboooboobooobodbboboboobbobDboobboo
Co0ob0ooOooobOocOo0o0ooOooobOOoO0b0O0O00O000 —cannotations__O00OO00O0OO0OO
gooo

00000000 variable annotation, function annotation, PEP 484, PEP 526 D 0 OO O0O0OO OO

argument (DO00)000O00CO0OO0O0O0 OO @OOOOOO)ODO0O00DOOOOOCOOODOOCOO

oo:

- JOOOOCO:00C0C0C0000O0O0COOCOOOO0O0O0DDOOCO (O:name=)00 x+x000O
o00oobOoooooooOoobooOo0noOonn complex() OOOOOOOO 30 5000


https://www.python.org/dev/peps/pep-0484
https://www.python.org/dev/peps/pep-0526
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gooodogoo:

complex (real=3, imag=5)

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

e JO0O0:0000000O00O0O0OOOOOOOOOOOOODOODOODODOODDDODODO «=0O
000 iterable 000000000000 0O0O0OOO0ODOOOOOOO 30500000000
oo:

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

coooboooobooooobooooooOooOoOoObocOoO0OOoOoOobOOoOoOoOoOOoOoOOOOoOoDbOboOonon
OCclsOO0OOO0O00OO0ODOOOOOOOODOOOOOOOODOOOOOOODOODOOOO
coobooooboooboooooooooooooooa

OO0 0OFAQU 0000000000000 OO0?0PEP362000000000OO

asynchronous context manager (0000 0O000000000) _aenter__() O __aexit__() 00O
000000000 asyne withOOOOODODOOODODOOODOODODODOOOPEP492000000
ooo

asynchronous generator (0 00000 OO O) asynchronous generator iterator 0 0 00 00 O O async
def 0000000 U0DOUOOODOUDOOODOO yieldODOOOOUODOOOOODOyieldDOO
async forOOoOoooooooodoooooooooooooon

coboooboooobooobOoOooOoOoOoOo0oOoOoOO0OOOO0OOO0 ObOOObOOODbOOOOOODO bOOn
oobobooooobooooooboooooboOoobboOoobo booooooOoboooDbboOoooDobooDo

O0000000D000000 async forUOO async withOOOOOD awaitOOOOODOO
ooooo

asynchronous generator iterator (0000000000000 O) asynchronous generator 1000000
gooooooogo

O000 _anext__() OO0O00O0OCODOOOOOCODOOO awaitable JOODOOOOO0O asyn-
chronous iterator 00 00 0 awaitable 0000000000 yieldOODODOOOOOOOODOOO
gooooooooo

yieldODOODOODOODOODDOODO (OOODODOODOO0DOO0O0O wy0)O0O0OO0O00O0ODOO
O0O0O_.anext__() DO0OODO0O0ODO awaitable 01000 OD00O0O0O0OOQCOOOOODOO OOOOOO
0000000000000 000000OPEP492000 PEPS250000000O00OO

asynchronousiterable (0OO0OO0OO0O0O0OO)async for00OO0OO0O0OO0OOOODOOD0O0OOOOOOOOO
_aiter__() 0000 OO asynchronous iterator 000000000000 OPEP492000000
ooo

asynchronousiterator (0000 O0O0O00) _aiter__() 0O _anext__() 000000000 OOO
O00D0OD0-anext__ 0O awaitable 000000000 O0ODODOODOODOO0Oasync for O
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StopAsynclIteration 000000 0OODOOOOOOOOODOO _anext__() OOOOOOO
awaitable 000 0O O0OOPEP492 000000000

attribute (00)O0OOO0OOCOOOOOOOOODOOOOUOOOOOOOOOOOOOOOOOODOOOOO
O00b00 o000 «OO00O0O0OOO0OOOOODODO oaOOOOO0ODOOO

awaitable (0000)await00000000000000000O00O0OO0 coroutinedD __await__() O
OoOoOoOOoOoOOoOoOoOoOoOoDboOoOoPEP4920 0000000003

BDFL 0OO0OO0OOO0O0O0OOO (Benevolent Dictator For Life) 0 O O O O Python O O O O Guido van Rossum O
goooo

binary file (00D0OO0OO0O000)bytes-like 000000 0000000000000 OOO ODODOOOO
0000 oO0oO00DOoC00DOo00ooOdoooOoooDg (‘eb','wbror 'rb+")0DOODOOOOO
00 sys.stdin.buffer O sys.stdout.buffer io.BytesIOU gzip.GzipFile. OO
cooooogo

str0000000000000000000000000000000textfile000000000O0O

bytes-like object bufferobjects 10 00000000 COOO00OOO 0000 (contiguous)y DOO DD DODO
00000000000Dbytes, bytearray, array.arrayd00000000 memoryview [
OO0000CO00O0O0OO0OO0ODOOObytes-like 00 O00ODOOO0OOOOOODOOOOOOOOODOOOODO
00000000000 0ooooo0oo00ooo00ooo00oo0oooooo0oDooooDoooon

g0o0o0oobOO0DOO0DOO0O0OOo0OoO0O0oObOO0DODO0OO0OO00ODODODOOUObCO0OOOOoDODO o
O00000 bytes-like 00O DOO0OO0”0000000000O000ODOO0ODOOOODOOOODOOO
bytearray O bytearray O memoryviewUOOOOOOOOOODOOOOOOOOOOOOO
O000000000000000 0000000 bytes-likeDOODOODOO”)OD0DD0O0ODOOOOO
O bytes 0 bytes memoryview OO ODOOOOOQOQOQOad

bytecode (D00 0UO0O0)PythonO0DOO00DDO0O0O PythonOODOODO CPythonO0ODOOODDOODDODO
gboooooooboboooobooooboboboboooD .pycdobooboboboOoO
0o0oodood0ood0oo0oooo0oDo0oDOoU0Do0 (OooOo0ooDOoUoDoUooDoooooo
00000000 0O0DoooO)DOoO ’0000 (intermediate language)” 000000000 0OOOO
OO0000CO0000OO0OO00D0OOoOgg (virtwal machineyO0O00OO0O0OD0OCOO0OOOCOOOOOOOOO
00000000 PythonOOODOODOOOODO0ODOOOPythonOD OO OO0OOOOOODOOOO
oboooooog

000000000000 dis00000 0oooog

class (000)0000O0O0O0OOUOOOODOOOOCOOUOOOODOOUOOOUOODOOUDOOOODOOO
gbooooobooboboboboooooooobobobo

classvariable (00U00O0)00000000OO0OOOO0OUOOO (UOOODOOUOOOOUDOOOOO
oO0)oooooooooooobooooooo

coercion (000)0OUOD200000000000000000000000O0OODOODOOOOO
goobDb0oO0ob0Db0O0int(3.15) 0000000 DO0O0O 30000000000 3+44.5000
goo0oo0ooU0oO (@UOooOooU0oDODUOOOoOOoD)OOooOUODODUODODODOODODOO
TypeError U000 ooooobobobobobbbbbb0o0ooooooobbobbbbobobboo
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https://www.python.org/dev/peps/pep-0492
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0000 344.50000 fleat(3)+4.500000000000000000000000000O
oooood

complexnumber (000)00000O0O0O0OO0COO0OOOOOOOODOOOOOOOOOOOODOOOOO
ogoooooooooooo (-1opoo)ooooooooOoOoOoOoOoOoOoOOO0 10000000
OO0 jOO0000COPythonODOOOOOOODOOOOOOOODOOOOOOOOODOOOOOOO
O5j000000000000 3+15j000 meth0OD0O0OO0OO0O0OO0O0OD0O0ODO0OOOOOO cmathU
cooooooobooooobooooooboooobooboooooooobooooooooooooobboOooon
cooooooboooooo

contextmanager (0O O00O0OO0OO0O0O0)_enter__ ()0 _exit_ () 00000000 0ODOODO with
0000000000000 000000PEP343 0000000000

contiguous (0000 D)0O0DO0OOUOOOO C-00 000 Portran 00 0000000000 DOOOOOO
ogooOOoOOoOOOoOOOoOO0ooOOoooooocoooob Forran0O0O00O0O0000000O0O0OO
cooooooboooooooooooooboobooooooooboooooooooooOoobboOooon
o0o0coooooooooooooooooooooOO0O00000bD0ooooooooooDo
OO0 Fortran 00 0000000000000O00000O00O00O

coroutine (000O0OD0)0000C0OOOOOOOOOO0ODODOODOOUOOOUOOODOOOOOODOO
coobobooobooooobooooooooooboobooboooOoobooOooooOoOoOooOooOooOooboboOooon
OO0 async def 0000000O0O0OPEP420000000C00ODO

coroutine function (0O O0OOO00O0O)coroutine 0000000000000 00OOOOOOO async
def00000O0OOawaitOasync ford O0ODO async withOOOODOOODODOODOOOOOO
0000 PEP49200000000D0O

CPython pythonorg OO0 O0O0O0OOPython 0O 00000000 OOODODOOO”CPython” OO
0000000000 JythonDO TronPython 00000000000 OO0COOO0OOO0O0OO0O0OO
ooo

decorator (00000 )000000O000OOO0OODN ewrapper 000000000 O0O0OOOOOO
Ub0000b00b0b0D00 classmethod() O staticmethod() ODODO

O00O0oOdU0bOOoO0oU0ooOoUoOoooOoOoooOO020000D0000DOO0ODOoOOn:

def f(...):
f = staticmethod (f)

@staticmethod
def f(...):

cooobooooobooooboooobooooobooooooooobooobooboOo oogon
oooobboobooobooooboooooooooooa

descriptor (00D0O000)0000 _get__(),_set__(),0000 _delete__() 000000000
gobooboobbooboobboooboobooboboobobobobooboobbooboo
O000o0o0oO0oOoOoddOdddgetsetdelete 0000 @b 00000 0000000 OOO0OOOO
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bO0O0O0O0O0O0OO00POOO0O0DOOOOOOOOOOODOOOOO0DOOOOOODODOOOOOODOOO
0000000000 pythonOOOODOOOODOOOOOODOOOODOOOOOOOOODOOOO
oooooooobooooooooooooobobooooobooooooooobooooooOooDbbOooon
coooocooboooooo

O0000000000000000000 descriptors 0000000000

dictonary (00)00000000000000O0O0OOOO _hash__() 00000 _eq__() 0000
0000000000000 0O00oUOooOggg PerlD00O0O0OO (hash)yOOODOOODODO

dictionary view (00 0O0O0)dict.keys()Odict.values()Odict.items() OOOOOOOOO
Jodoooooooboooobooooobooooooooboooooooooobooon
0oooobobobobbbbbbObbOb0000gUuggo 1ist (dictview) ODOODODODODODOODO
dict-views 00O OO0 OO0O0O

docstring OO0 O00OO00O0D0OOOOO0OOOUOOOOOUDOUOOOOODOUOOODOOUDOOOOOOO
oooooooooboooooooobbo0ooooDooooDboO0ooooDobo00D _doec_OODOOODO
cobobooooooooOoooOooOOoOoOocOo.-0ob0o0obObo0obObo0obOOo0oOoOOoOoOOoOoboboOon
oooobooooboooobooono

duck-typing 0000000000000 UOOOUOUOUOOOOODODODOOODOODOOOODOO
gobooboobbooboobooobooboooboobbooboboobboobbooboo
goooobobodoogobooooooboboboobbooobooboobbooobOWooo
gogoooooooooboobbobbbiodooooooooooooobbbboooboooooooo
gbooboooboboobobob0o0obboODO type() U isinstance() DODOO0OOD0OOODODOO
(booooUoooOobDOob0 bbb boOoU0oOobDUODUOCbOObD)ObOUOOUODODoOoo
hasattr () OO0 FAFPODO0O0O0OOOOOOOOOO

EAFP 000000000000 0OOOOO (easier to ask for forgiveness than permissiond 0 00000 O
O)oooooooo pythonODOODDOOO0ODDO0ODDOOODOOODODOODODOOODOOOO
goooobobooobobooboooobuoobboobobooboboobooboboobbOoobooobDbo
Uo0bo00bbo0obibo0dD tryO0OD00O except 0O ooonooooboobooobDOO
gocOoOoOoOoOoOoOoOoOoOoOoOoDOOD BYLOOOOOOOoOooooooo

expression (0)D000D000D0O0D0OO0O0O0OOO0OOO (apieceofsyntax)y 1000000000000
gbooooooooobgooboboboboooooooooboboboboboboooobooobooDbo
OO00O0OO000OO0OPythonOOOOOOOOODOOODOODOODOOOOOODOO 1if0D000OO
OO000000000 (statement) 00O00O0DOO00D0OOOO0DOOODOO

extensionmodule (0OO0O00O00)COC++00000000O000OOPythond CAPIT O OO O Python
gbooooooooboboboooo

fstring 'f'0 'F' 000000000000 OO0O "sring” 00000000 0D0O0OO0OO0DOOOOO
O00oC OooOoOoDoOoOOoODoOOPEP49800000OO0ODOODOO

fleobject (00D OOUOOOD)0D00U0DO0OUDOOUOOO API(read() O write() OO0OOO
ooooo)boobOoooooooooooOoOobDOoOooOoboOoDOobDOoOoOOobDOobOboOooooOoo
gooOooOOdOOo0ooU0oOodoDOoUoodoDO0bODOoU0ooUOod0DOOO0OoDOUOo (@CUuoooooogoo
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00oo000o0o00oo00oo00o0ooOO0)00O000O00O000LO0O000O0OO0ODOOooDO
file-like objects O streems 00000000

0ooooooodooooooo30oooooo:oopoooogooooooooooog 0og
oooooooboob ooboooobob ooboOo0obOoO0obOob0b ioO0OO0OOOODOOOOO
Uboboooooooboboboboboobbd open()y UODODOODOODODO

file-like object file objecr OO T OO
finder (00O0O0O0)0000O0O0O0OO0O0O0OO0OOO0OOOO loader 000000000000 ODOOOO

Python 330000 2000000000000 00sys.metapath 000000 meta path finder
00 sys.path_-hooks OO 00OOO path entry finder O 0O O

O0O0COCOOO PEP3020PEP4200 00 PEP45S1 0000000000

floordivision 0000000000 OOO0OOOOOOfloordivisionOOOO //0000000 11 // 4
020000 floatO truedivisionOO OO 2.750000000 (-11) // 40 -2.750 0000
000000 -3000000000000000 PEP2380000000O0O0O0O

function (00)000D0O00O0O0O00D0O0OODOOOOOOOOOODOO0OOD OD0DOD OOOOOOOOO
O00000D0ODOO0O0O0O0000000000000000o00O0OdOfunction000O0O0O0O0OOO

function annotation (00O O)O00OOO0O0O0O00O0OOO annotation 00O 0O

0000od0opbOoOoOooO00obD Oo00oDO O0U0oDOOo0OO0:000OD00O0O00 200 intO0oQOO
goboobodbbdob intgoboobboobuoobooooba

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

return a + b

000000000000D function0O0OO0OOO0OOOODOO
00000000 variable annotation, PEP484 0 000000000

_future.. 0000000000 0000O0O0O00O00O000O0O0OOOOOOOOOOOOOOOOOO
gboooooogoo

_future__ 000000 mport 00000000 DOOODOODODOOOOOOOOOOOODODOOOO
gbooooooboobobobooooooog:

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

garbage collecton (0O O0OOOUO0OOOUO0)00U0OOUODOUODOUODOUODOUODOUODOUOO
Python0OOO0O0O0O0D00O0O00000O0O0O0O0O0O0O0O0O0O0O0O0OOO0OOOOOOOODOOOOO
ooooboboooobooooboooobobOoOo gecdobOOOO0OOOOObDOOOOO

generator (DO OO0O0O) generatoriterator 000000000000 OO00OOCOODO yieldOdDODO
00000000D0yielddDOO for 000000000 ODONnext () 00000 10000000
00o0oo0oooooooooooooooooon
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coboobooboooboooooooobOOoO0ooOOo obbooboooooobO ooooooooon
cooobooooobooooooooooOOooooboOoobobooooobooOoboOooOooboboOon

generatoriterator (0OO0OO0O0OO0O0O00OO)generator 0000000000000 OOOO

yieldOOOOOOODOO @MOOODOOOO0O0 wyOOOOOO)OODODOOOOOOODOODO
ooooooooooooooooo oo0oooooooooooooooooOb0 (0000000
oooooooooooooooooooooo)o

generator expression (000000 O0)0000000O0O0O0OO00O0OO0ODOOO0OOOOOOOOODO for
goboobboobboo iftbogbboobobooobooobooboboooboooboon
gobooboooboono:

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

generic function (0000000 0)000000O0OO0O0OO0ODOOUOOUOOOOOOOOOOOOOO
gboooooooobogboboboboboooooooobooobooboboon

single dispatchd functools.singledispatch () OO0OOOOPEP443 0000000000
GIL  global interpreter lock 0000000000

global interpreterlock (000D O0O0O0OO00O0O0OOO0OO)CPython 0000000000 D0OOOOOO
Python OO0 OO0O0OO (bytecodey DO DODOODOODOODOODOODOOOOOOOOOOOOOODOO
00000 (ict000000DOO0DO0OO0ODOO)YODOOODODOO0DOO0DOO0OO0DOO0OOOO0OOOOO0
O00O0O0OO0OU0O0UOUoOCpythonOOOOOOO0OOUOOODODODOODOODOOOOOOODOOOOOOO
goooooooooooobobbbobobbobobbotbodddooooooooooobbon
gboooooooooogd

gobooboobbooboobooobooboooboobbooboboobboobbooboo
Oo0oUooo GILO0oo0oU0Uooooo0ooooooOoorvoooooooo GILoooooo
gooo

ooorooooobooooooorbobooooooo(@ooboooboboOoooooooooDoooOoboonD)Oo
coooboooobooooobooooooooooooooooooboooooooooooooboboOooon
coobobooobooooboooooooooooooooooooooooooooooooboOon
oooooooooog

hashable (00D00O00)00C0CO0O00 0OO00O0OOO0OOOOOOOOOOOOOOOOOOOOO
(_hash._ () 0000000)I00000000000000OO (_eq() 0000O000)0000O
00000000000000000000000000000000000000000

coobobooobooooobooooooooooboobooboooOoobooOooooOoOoOooOooOooOooboboOooon
oooooooooooobbooooooo

Python 0O OO0OD0OOOOOOOOOOOOOOODOOOOODOOO;ODO00DOO00DO0ODO (OO
o0b0000OO0)OooOooOOoooOOobOOobOOoODOoOO0O0obOOobDOoODOoOO0OOobOOoDOooOOoboboOoDOo
gcoodooOooOooboOoOooUoOOdOoOoUbDOoO0ooO0 oDboooOo)yoogooboooUoDbooogo
gobdid() bogooooo
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IDLE Python 0O OO OOO (Integrated DeveLopment Environment) 0 O OIDLE O Python 00 00000
gboooooooobobobobooooooobobobooo

immutable (D00DODO0OO0OD0)00000O00O00O0OO0O0O0OO0OOOOOODOOOOOOOOOOOOOO
coooboooobooooobooooooooooOooboOoOooOooOoOobooOooooOoOoOoOooOboOoobOboOooon
ooooobooooobooooooooboooboooooooOobDOobDOobDOoobooboooOoOoDOoDOoDbOon
coooboooboooobooooOooOoOo0oOobOboO0O0ObOboO0oOobOOoOoOoOoOOoOoOOOOoOoDn

import path  path based finder O import 00 000000000000 (@O0 path entry) 00000
import 00000 0O00ODO sys.path00D0O0O0OO0OO0OOO0OOOODOOOCOOODOUOODOODOO
_path__00400O0Ooogo

importing 00000000 PythonOOOODOOOODOODO PythonOOOUODOOOODOOOOOOOO
importer 000000000000 OOO0OOOODO finderQ loader 00000000000 O0OOO

interactive (0DO0O)Python D000 0U0O0O0OO00O0O0OODOOODOOOODOOOOOOOOUOO
oooboooobooooboooobo0oobodn pythonOOOoOooooOoooOoOoooOOoOOO
(COoooDoOooOoOOooOoOoOoO PpythonOOOOODOODOOOOOOOOCOOODOOOCOO)
ocooooooooooooooobooboooooooOoDbOoOobOoboobooboooOoOoDOoDOoDbOon
(help(x) OO0O0O0O0O0O0O0O0O0O0)O0O0OO0OO0OO0OOCOOOOODODOO

interpreted Python 000 000000000000 00000OO0O0OODOOOOODOOOO (MODOOOO
coooooodoooOooooooboOooboobo)boooOooOooooo0oooOooDogboobooo
goobooboobbooboobooobooboooboobbooboobbobbooboo
gboooooooooobgooboboboooooboooooobobobobobooooobooobooDo
00000000000 0DOOO00D0ODOO0D000O00 (nteractiveyDOODOOOOOOO

interpreter shutdown PythonO00O O 000000000000 OODOOOOOOODODOOOOOODOODOO
cooooooboooooooooooooboobooooooooboooooooooooOoobboOooon
0000000000000 OOOOoOOOg (garbage collectoryD0 00000000 OOOOOO
OO0OOCOCOOOOOODoOO weakref 0000000000000 O0O0O0O0O0O0O0O0O0O0O0O0OO
gooooooooooooooooooooooooogooooooooog@ooooogo
0000000000 waningO0OO0)0O00O0O00OO0O0OO0O0OOOOO

goboboobobbooobbooobboobDbh .main__g0DOOooobOooobobOOoOobDbDOO
oboooooooooog

iterable (0O O0O0O0O0O0OOOO0)0D0O0OO0O00 1000000000000 00OOO0OOOOOOOOOO
O0000@ist, str,tuple0000)00000000C00O0 dictO0 OOO0OOOOOOO
O0D0000o0oD0o0o0ooo0oD00 o000 SequenceDODDOOOODO _iter__() OODODODO
_getitem__() O000O0OOO0OO0ODOODODOOOOOOOOODOODODO

00000000000 for0O0ODODUOODDOODODOOOD (ODO:D0D00D00O0OODOOODO
o0o00o0ooO0o0oo0obO00oo0bO0o0obobO0)bboOooODOO00 (zip(),map(),...) O0ODOOODOOO
gobooobbooobbioonDb iter() U0bbOO0oO0ODDbOO0OO0ODOOODLDOOODDODOO
gbooboooooooboboboboboooooooobooboboboboboooooboobooDbo
oobobd iter() DDOOODODOOODODOOODODDOOOODOOODODDOOOODODOford
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00000000000 oooooooo00oo00o0o00oo0oooooo0oDooooDoooon
000000000 (terator), 00000 (sequence), 000000 (generator) 0000000000

iterator (000O00)0000O0O0000OO00OO0O0O0ODO0OOOO0OO0DO0O0O00 _mext__() 000000

OO00O0O0O00(@OUOOO00O000O next() OODO)OOOODOOODOOOOOOOOODOOO
gb0b00oo0ooboOobg stopIteration0U0O0O0O00D0OO0O0OO0OOOOOOODOODOODOODOO
O000000000000 _next__() UOOODOODO StopIterationd00O000O0OOO0OOO
goboboooobbooooobbibooon dter__() 00D bOOOOO0OO0ODDODOOOODDDO
00000000 terable 000000000 COO0O0O0000O0OO0OOODOODOOOOOOOOOOO
0000000000000 (11ist0000)000000000D0D00000 iter() 0O00O0OOO
goobboodn forbboobbbooobbboooobbbooobbbooobnbbOoo
gbooooooooobooboboboboooboooobooboboboboboboobooooDo
gobogboobobuoobboooboobboon

000000 typeiter 000000

key function (0D0DO0D0)00000O0O0OO0OOOO0OODO0OOOOOOOOOODOOOOOOOOOOOODOO

0000000 (callabley DOOOO0OO locale.strxfrm() O0000O0O0O00O0O0O0COOO
goboobooobuoobbooobooboboon

Python 00O O0OO0ODOOCOODODCOODOOUODOOOUOODODUOODOOODOOO
min (), max (), sorted(), list.sort (), heapg.merge (), heapg.nsmallest (), heapq.

nlargest (), itertools.groupby () DOOOOOO

000000000000 00000D00OD00D str.lower() OODODOODOOODOODOO
obooboboobobOobobobob0obUobobobUobUobUblambda v (rf[o7,
r(2]) 0000 lambda 0000000 DOO0OOO0OODODOOODODOO operatordgonononO
attrgetter (), itemgetter (),methodcaller () 000 3000000000000 0O00OO
0000000000000 00O0OOogon SettingHOWTOOODOOOODOOOO

keyword argument 000 O0O0O0OOOOOODO

lambda (000)000000000000000000O0O0OD0O0OO0OO0O0OO 1000 (expression) O

0000000000000 000 lambda [parameters]: expressionO0O0O

LBYL 00O0O0O0ODO0OO (look beforeyouleap)l 0000 0000000000000 O0D0OOO0OOOO

list

O000000000000000 (precondition 00000000 EAFPOODOODDODOOOOO if
ooooooobbooooooooon

coooooOooOooOoO0oooOoOoLBYLOOOOOO o000 roorobooogooooooo
ooooopobbbbO0O0dddif key in mapping: return mappinglkey] DOOO0O
00000000000 00Do0oO0OC00O mapping00 keyOOODODODOODOOODOOOOOOOO
000000 EAFPOO0DOOODODOOOODODOOODOO

OOoO0)PythonOOOOOOODODOODO (sequenceyDO0O0DOODOOOOOOOOOOOOOODOO
oooooooOoOo0O0O0D (aray)DO0OODOODOOODOOODOOOOMDDOO

listcomprehension (000000 0)0000OO0O0DO0OO0OO0OD0O0O0O0O0O0OOOOOOODODOOOOOO

0000000000000 0D0O00D0O000 result = ['"{:#04x}'.format (x) for x in
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range (256) if x $ 2 == 0] 00000000 255000000 160000 (0x.) 0000
Cob0O0o0b0o0o0o0oo0O0o0obO0oOo if0000000000 1£f0000000 range(256) OO0
oooooooooog

loader 0000000000 0OO0OOOOOO loadmodule() 0000000 ODOOODOOOOOOO
O00O0COC0OOO0O0ODOOD0ODD0O0OO finderDODODOOOOOOOO PEP 30200 abstract base class
00000 importlib.abc.Loader 00 O00OOOOOOMO

mapping (DO0000)00O00OO0D0O0OO00O00O0O0O0O0OQO Mapping O MutableMapping O OO
00000 o0oooobooobooo0oboooooooobooobooooooooboOod dict,
collections.defaultdict, collections.OrderedDict, collections.Counter OO
oo

meta path finder sys.metapath 000000000 finder. meta path finder O path entry finder O 0 O
gboooooooogoog

metapath finder 0000000000000 importlib.abc.MetaPathFinder D00 000
oooo

metaclass (00 000)0000000000000D00OO0O0O000OO0D0OOO0O0OOOOOOOOOOO
cooooooboooOoOooOooOoooo300oooooooo00oobooooooooDboOooo
ooooooooooooooo@o:0o0boo0)00ooooooooooOO0O000nOPython O
gbobooooooobobobobobooooooooboobobobobobooooooboobooDbo
goodoooooooobobobooboboooooooobobobobbobbbobobooooooooooo
goobooboobobooboobbooobooboooboobboboboobbobDbooboo
obooooooboobOoboboobooooooobobobooooon

000 metaclasses 0 000000000

goboo (@ooo)obooOoO0OoOOoO0U0bOOO0U0bDOO0U00OOOoUOOOOO0ODOO0ODODOOODbOOOn
OO0000O0o0ooOOo0o0oDOoO00oDO0o0ooOo0on0n (argumenyD000O0O0OOOO@MOOODO
0000 self000000)Y 0000000000000 OCOOCOOOOOOO

method resolutionorder (0000000 0)000000O00O0CO0O0O0O0OO0OO0OOO0OOCOO0OOOO0O23
OO0 PythonODODOOOOCCOCOOOCOOUOOOUOUOOOOOOOO The Python 2.3 Method
ResolutionOrder 00O 0O00O0O0OODODO

module (DOO0OO0O)PythonODOOOODOOOODODOODODOODODOODODOOOOOODODODOOOO
Python 000000 DOOOOCOOOOOOOOODOOOOOO importing0000O0O0OQO Python OO
ooooooon

gboooogboboboooog

modulespec 0000000 0O0OUODODOOUODOOUODDODODUOODODUODODDODODUDOODODOOOO
importlib.machinery.ModuleSpec 00O0OOOOOOO0O

MRO method resolution order 0000000000

mutable (0000OO0OO0)0000O0OO0OOOO0OOOOOOO id() O0O0OO0OOOOOOOOOOOOOOO
000000 (immutabley DO OOD0OO00O0OOO
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namedtuple (0000OO0O0O0)0000000000000000000O0O0O0O0O0O0O0O0O0O000000
00000000 (OO0 time.localtime() 0000000000000000000 yearO
0t[0]000000000000000000¢t.tmyearJ00000000000000000
00000)d

0000000000 time.structtime 00000000000 DDOODOOOODOOOO
000000000 bbO00o0oU0b0bbOoUoUobDbbOOOd collections.namedtuple() O
00oD0o0o0doOOo0oodooU0ooD0oo0oo0o0oo0ooDoUooooDoUooDOoooDooDooooon
Employee (name="'jones', title='programmer') 0O O0OD0DOO0ODOOODOOOO (self-
documenting representation) J 000000000000

namespace (0 O00OO)0000O0OOCOOOO0OOOOOODOOODOOOCOODOOODODOODOOO
gooood0o0 (obo0oOo)bodoodooOU0oDU00oDbDU0o0oUOUOoDODUOOoDUODOoOoDDUOODOO
ooooooooobOooobOooOoooOOoOoobDOoOoobDOoOooOOoOoobDOoOoobOOooDOoOobo
00000000 builtins.openl os.open() DO OOOOODO0OODOOODOOOOODOO
0000000000000 000D00o00ooDoo0ooooDoo0oooo0ooDoooooDooon
O000random.seed () 0 itertools.islice() O0O00O0OO0OO0OOOOOO0O0O0O randomO
itertoolsU00OO0O0OOODOODOODOOOOO

namespace package (00 0000000)000000000000O0O0O0OO0OO0O PEP 420 package
0 Namespace package 00 000000000000 _init_.py 0000000000 regular
package 0000000

module 00O ODODOOOOO

nestedscope (00 UJO0OOOUO0OO)UOOOOUOOOUOOOUDOOUOUDOOUODOOOUOOUDOOO
ooooooooooooboboboooooooobDobDOobOobOobooooobooobooDbOon
coboOobOoO0oobO0oO0oooOoocobooOoboOoOOobOOooOobOOoOoOOoOoOoOoOoOoOooboOobooon
coooobooooboboooooooOoooboOoooboobooooboobOoooOooDOobDOobOOoDbOon
OO0000d0obo00obo00obofdd nonlocal0O00OO0O0OOOOOOOOO

new-styleclass (000 00000)00D0OD0DO0OD0D0O0DO0O0DO0O0DO0OO0OODO0OOO0OO0OO0OO0ODOOOOOOOO
O000000 Python OOODOCODOOOODOOOOOODODOO _slots._OO0D0ODOOODOO
_getattribute__() 00000000000000000000 PythonOOOOOOOOOOODO
goobogoo

object (DD UDUUOO)ODO (IUOOD)ODODODOODOUODUOOOD(@M@OODO)OODODODODOODODOOOODOO
O00OO0Q0OD0DOODO (mew-snleclass)yDO00OO0O0OOOOOOCOO

package (00 000)0000000000000O0O00O0O0O0000000000 module 00000
000000000000 _path._ 00000 PythonOOOOOOOOQ

regular package O namespace package 0000000000

parameter (000)0000000 O00@ 0000 )0000000000O0O0O0 000 COOOOOO
goooo soooooo:

- JO00OO0O0OO0OO0OOOO:00O00O0O0CO0OOOO0OOD OOOOODOOOOOOOOOOOOOO0OO
0000000000 foo0 bar 0000000000000 O0O0O0O00OO:
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def func(foo, bar=None) :

0o00o0:0000pooooOooOo0o0000C0C0O0C0OOPythonD D0 O0O0OOOODOODOOO
g0oo00o0o0o0oOO0DO0O0OoO0DOO0bOOo0OOoO0bOOoO0ODODOObOOO0 (@:abs())OnoO
ogno

goooooOo:0oo0o00b0obO0oo0obObocOobboO0obOboOooboOoboo0obooOoobOOoOoDOOoOoDbOonoO
000000000000000 kwonlyl 0 kwoonly2000000000000O0DOODODO
gobodooboooobooo =0o0og:

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

goo0o0:(boo00oO000obOO0bOO0O00o0b0O0obOooOOoOooOobO)ODoooobOOoDooooo
goooboobobooooobobooobobobOob argsO00DbODOO0ODOOD x0O0O0OO
goboboboobo:

def func(xargs, =**kwargs):

ooooo0ooo0:.(@oo0ooo0oooooOooooooooooooooooOo)oooooon
ooo00000000o0O00000000O0O0O00000000000000 kwargsO OO0
gooboobOo »~0000b0obobooobogoon

cooobobodoobooooboooooooooooooooooooooooooooooooboboOoon
ooo

000 OFAQU DO0D0ODO0D0O00O0O0D0O00O0?Oinspect.Parameter 00O O function OO
OO00OOPEP36200000DOOO0OO

path entry path based finder O import 0000000000 importpath00 10000000

path entry finder sys.path_hooks O 0O O callable (path entry hook) D0 00O finder 00000000

pathentry 0000000000000 O0O0OODOOODOO

goooobbbbboodooooobbbbbibOUl importlib.abe.PathEntryFinder
gboooooogooo

path entry hook sys.path hook 000000 callable 0000000 pathentry 0000000000

O000000000D0000 pathentry finder 000000

path based finder 0000 OO meta path finder 0 1000000000 importpath0 000000

path-like object An object representing a file system path. A path-like object is either a str or bytes ob-

PEP

ject representing a path, or an object implementing the os.PathLike protocol. An object that sup-
ports the os.PathLike protocol can be converted to a str or bytes file system path by calling the
os.fspath () function; os.fsdecode () and os.fsencode () can be used to guarantee a str or

bytes result instead, respectively. Introduced by PEP 519.

Python Enhancement Proposal JPEP 0 OPython OO0 00000000000 OOOOOOOOO
PythonO0OOOO0OO0OO0O0O0O0O0OO0OOOOO0O0O0OOOOOOOOPEPOOODOOOODODOOOOO
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ocooooooooooooo @mo)ooobooooooo

PEPOO0000O0O0OODOOOOOOO0O0O0O0OOODOOODODOO0OO PythonOODOOOOOOOO
OooobOoooooo0oooOoooOooOoboOoooOOcO0OoPEPOOOOOOODOOOOODOOOO
coooboboooobooooooooOoobooOoOobboOooobooOono

PEP1O00OO0COOOOOOO

portion PEP 42000 000000 Unamespace package 1000000000000 (zipOOOOOOO
0000oo000oo0)l1oo0000o0oo000o0oo00ooo

positional argument (CO0D0) 000 0000000000

provisional APl (00O APhHOOO0O0O0O0O0OO0O0OO0OO0O0OO0DO0O0OO0DOO0OO0O0OooOOooooooooo
oooooooobooooooooooooobobooooobooooooooobooooooOooDbbOooon
oooooobooooooooOoooooooOoo@ooooboOoooooooooo)0oooboOoo
0ooo0oooooo00ooooo00oooOo000o0D -000 APIODOCOO0OO0O0ODOCODOO0
cooboboooboooooooooooooobooooo

OO APIODOOO0ODOO0ODOOOOOOO0OOO0ODOOOODOO0O0ODODOO0ODOOOOODOOOOn
gbooooooobooboboboooo

gogooboooobobdooobobbooobbbooobbbooobbbooobbbooobbo
0000000000000 0OU0OUOUOU PEP4IIODOOODODOOOOO

provisional package provisional APIO O 00000000

Python 3000 Python3.x 0000000000000 OOOOMPython3 000000000000 DOOO
gooooo)’py3k’000O0O0O0OOOODOODOO

Pythonic 000000000000 O0O0O00DO0O0OO0O0OOUOOOPYthon0O0O0OODOOOOOOODODOO
0000000000 0o0o0OPbPython00 0000000000 forODOODOOODODOOOOOOO
0000000000000 000000O0O0O0O0O0O0000000000PYthonD OO OOODOO
oooobooooooooooooooooooboo:

for i in range(len(food)):

print (food[i])

OOOOCOOoOoOO PythonicOOODO:

for piece in food:

print (piece)

qualifiedname (000)00000O0O0O0O0ODOOOCOOOOOOOOOOOOOOOOOOOOOOO
Ooooooooor>00”000000000000 PEP31S5SO0000000000000000
coobooooboooboooobooooooooooogn:

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

Jooooooo)
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pass

>>> C.__ _qualname_

lCl

>>> C.D.__gualname___
'C.D'

>>> C.D.meth. qualname__

'C.D.meth'

O0O0O00O0000000000000000 (fully qualifiedname) 000000000 00000O
OO000000D0000 email.mime.textJO0O0O0OO:

>>> import email.mime.text

>>> email .mime.text. name

'email .mime.text'

referencecount (00 00O00)0000000000O0O0O0DO0OOOOOOOOOOOOOOUOODOOOO
O0000000D0OO0OC0O000000oooo0O PythonOODODOODOOOOOOODOO CPython
gbobooobobobo sysObobgooobooobobobooboobooboooobobooobo
JO00d getrefcount () DO0OOODOOOOOO

regular package 00000 _init__.py00O000O00000000O0000O packaged
namespace package 0000000000

_slots.. 00000000000 ODOO0ODOOO0OOO0OUOOUOOODOOODOODOOODOOUOOOOO
goooobooboobooobooboobbooobooboboobbooboooboooDoo
gobooboobboobooboboooboobobooboboobobobobooboboobbooboo
gboooooobobobobooooooobooboboon

sequence (JO0U0D0OO0)OO0OOUODOQOUOODOUOODOOUODOUODOOD _getitem_ () O0OOCODOO
0000000000000 _len. () DOOOOODOOO iterable000000000O0DOOOO
00 list, str,tuple,bytes 00000000 dictO _getitem () O __len__() 0OO0O
00000000 0oooooooooon immutable 0000000000000 OO0OOOOO
00 (mapping) 00000000 OOOODOOODOO

collections.abc.Sequence 00O 0O0O0OOO_getitem__() O _len__() DO QOQOO
count () O index (),0 __contains__ ()0 __reversed__() 0O OO0OOOOOOCOODOOOO
0000000000 0000000000000000D00000 register() 0O00OD0O0OOOO
oooooooooooooooo

single dispatch generic function 0000 0000000000000 O0000O0O0O

slice (D00O0)0000O000ODO (sequencey 000000000000 O0OOODOOODOOOO 100
gbobobobobobooooboboboboobobobOob variablename[1:3:5]1 000
Ooo0@O0)o00 sliceO0O0O0O0O0O0O0OOOODOODOOODODO

specialmethod (00000 0)00000000000000000000OO PythonOOOOOOOOO
OooooooooooooOoooc0o0oooooooOoOooO0oOooOoboOoooOob0OoOo 20000000
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OO0O0OC0OO0OOD0ODOO0OO0OO specialnames 1000000000

statement (0)O0O0O00OCO (@COCOOPOO0O00”)O0O0OO0O00O0DOOOOCDO OODOOOOODOODOOO
gbooooooboobOobOobO if0whiled forgooonong

struct sequence A tuple with named elements. Struct sequences expose an interface similar to named tuple in
that elements can be accessed either by index or as an attribute. However, they do not have any of the named
tuple methods like _make () or _asdict (). Examples of struct sequences include sys.float_info

and the return value of os.stat ().
textencoding go0oooooooooooooooooooooo

text file A file object able to read and write str objects. Often, a text file actually accesses a byte-oriented
datastream and handles the rext encoding automatically. Examples of text files are files opened in text

mode ('r' or 'w'), sys.stdin, sys.stdout, and instances of io.StringIO.
See also binary file for a file object able to read and write bytes-like objects.

triple-quoted string (000 O0O0O0O0O0)3000000000000 ()0000000O0O0 ()0000O
00000000 (00)0000000000000000000000000000000000
0000000010020000000000000000000000000000000000
000 ()O0000000D0000000000000000000000000000000000
0000o0o0oQ

type (O)PythonOOOODOOOCOODOOOOODOOOODOOUODOOOOUODOODOODODOODOO
gboobobooobobob0ob0oubd _class__U000OD0DO0ODOODtype(ob]) OODOO
obooooon

typealias (00D 0O0O0)00O0O00O0OO0OO0OOOOOOOOOOOOOO

goboobodoboboobboobooboooboobg:

from typing import List, Tuple

def remove_gray_shades (
colors: List[Tuple[int, int, int]]) -> List[Tuple[int, int, int]]:

pass

coooooooboooobooooooog:

from typing import List, Tuple

Color = Tuple[int, int, int]

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

pass

00000000 typingd PEP484 0000000000

typehint (OO00)00UO0O0O0OO0U0OD0O0OO0ODO0O0O0O0OOODOOOOOUOOOOOOOO annotation
ooo
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ooooo0OO0O0ODOO0OO0 PythonOOOOOOOOOOODODOODODOOOOODOOOODODODOOD
IDEOO0O0OO0OO0O0O0O0O0O0O0O0O000000000000

Type hints of global variables, class attributes, and functions, but not local variables, can be accessed using

typing.get_type_hints ().
00000000 typingd PEP484 0000000000

universalnewlines 0000000000000 O0OO0O0OODOOOOOODOODOODOODOODOO: UnixOOO
00 '"\n'OWindows 000 '"\r\n'OOO Macintosh OO0 '"\r'O000O00000O0O0OOO PEP
2780 PEP 3116 0000 bytes.splitlines () OO0OO0O0OOO0ODO

variable annotation (00 0000000)00000000OO0OO annotation O

gobooboobboobooboooboobboobobooong:

class C:

field: 'annotation'

gobboobobooobb ooob boobbooob:-bo0obobbo00b int0gobboo
gobooboogno:

count: int = 0

O0000000000000000 annassign 0000000000
O0000000000000 function annotation, PEP 484, PEP 526 OO0 00O OO OODO

virtual environment OO0O000000OO0000O00O00O0O0000O0O0OO0OOO PythonOOOOOODO
Ooo0oO00oo0o0OoOooocooOoO0oOoOoO0oO0 pythonOOOOOOOOOOCOOOOODOOOOO
Python 000 0000000000000 0O0O0O0OOOOOO

venvUOOOOOOOOO

virtual machine (COOO0OO0)000000OO0O0DOODOOODO0OODOOOOOO PythonODODOOODO
O0OO0OCCOCOOOOOOODO0OO0000000d (bytecodey0OOOOOO

Zen of Python (Python 00 0)Python 00 000000000000 O0OOPythonO0OODDOODOOO
OoOoOOoOOOOOO0OO0O0O00000 ’import this”O0O0000O0O0O0O0CCOOCOO
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Joboooobobooddd

0000000000 PythonOD 0000000 DOOO0DOOODODDO OO00ODDOODODOOOO Sphinx
000000 reStructuredText 000000000000 O00O0O0O

0000000000000 0oDoO0OPython 0000000000 0OOOODOOOOODOODODOOOOO
0000000000000 0ooooo0oO00oOg reporting-bugs 0000000000 O0OODOOODOOO
00000000o0!'0D00:000000000D0D000GitHub OO Issue Tracker 00000000 OOMM

gooood:

e Fred L. Drake, Jr., 000000 Python 000000000000 DOO0O0OO0OODOOOOOODOOO
gooooo

e Docutils 0 00O DOO. reStructuredText O docutils DO O D OO0OOO0ODOOOOOO

* Fredrik Lundh O Alternative Python Reference 00000000 Sphinx OO OOOO0OOOOOOOOO

B.1 PythonO OO OO0 OO0

000000 PythonOOOPythonOOOODOOOOOOO PythonOODOOOODOOOOODOOODOOO
00000000000 Misc/ACKSOOOOOOOOOOODOOOOOOO0O000000000o0o0o0oa0
goooooo

Python 00000 OD0OOUO0OOOOCODOOO0OOODO0ODOODOOUODOOOODOODOODDODUODOOOO
ooo-ooooo!
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C.1 PythonO OO

Python 0 19900 000000000000 Stichting Mathematisch Centrum (CWI, https://www.cwi.nl/ 0 0O)
O GuidovanRossum OO0 OO0 ABCOOOOOOOOOOOOOODOOODOOODODOOODOOOODOOd
O PythonOODOOODOOOOO GuidkoOOOOO PythonOOOODDOOOOOOOOOO

199500 Guido OOOO0OODOO0OOO0OO0OOODOO Corporation for National Reserch Initiatives (CNRI,
https://www.cnri.reston.vaus/ 0 0) 0 Python 00 0000000000000 O0OOOOOOOOOOOOO

20000 300Guido O PythonO O OO OO OO DO BeOpen.com O O O O BeOpen PythonLabs 0 000 00O
OO0COO0OO0O0 1000 PythonLabs O O O O Digital Creations (0 O O Zope Corporation, http://www.zope.com/
00)O00OD0OOO0O0O0OO0O0200100Python000000000DOOOOODOOOOOOQO Python Software
Foundation (PSFO https://www.python.org/psf/ D 0)0 000000000 O0OQO Zope Corporation 0 PSF O
gboboobogobobd

Python 0O 0ODOOUOODOODOOOOODO(ODOOOOOODOD https://opensource.org/ 0O O0OOOO
O)OOooOoOOQOODODOoUODOoOooOOoOoooDOoOo pythonOOOODO GPLOOOOODOOOD;O000O
Joooooooooooooooon

oooo ooo ooo oo GPLOO
09.0-12 | n/a 1991-1995 | CWI yes
1.3-152 |12 1995-1999 | CNRI yes
1.6 1.5.2 2000 CNRI no
2.0 1.6 2000 BeOpen.com | no
1.6.1 1.6 2001 CNRI no
2.1 2.0+1.6.1 | 2001 PSF no
2.0.1 2.0+1.6.1 | 2001 PSF yes
2.1.1 2.1+2.0.1 | 2001 PSF yes
2.1.2 2.1.1 2002 PSF yes
2.1.3 2.12 2002 PSF yes
2200 2.1.1 2001-00 | PSF yes
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O0: OGPLOOODODOODOOOOPythonD GPLOOOOOOOOOCOOO0O0OOOOCOOPythonO
gooooooooGepPLO0O00oOoOoOoOoO0OoOoOOOO00O0oDODOO00DO0ODODOOODODOOOO
o0o00ooGPLOOOOO0OOOO0OOOOGPLOOOOOOOOODODOOO0DODOOOOO PythonO OO
gobbooobooooooooobooobooboOoobobooooboooo

GudoOUODOOOOODDOOODDOUODOOOODODOOOODODDODOUODOOUOOOOOODODDODOODOOOO

C.2 Terms and conditions for accessing or otherwise using Python

C.2.1 PSF LICENSE AGREEMENT FOR PYTHON 3.6.9

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

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

3.6.9 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 3.6.9 alone or in any derivative

version, provided, however, that PSF's License Agreement and PSF's.
—notice of

copyright, i.e., "Copyright ~"c2”"a9 2001-2019 Python Software.
—Foundation; All Rights

Reserved" are retained in Python 3.6.9 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 3.6.9 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
3.6.9.
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4. PSF is making Python 3.6.9 available to Licensee on an "AS IS" basis.

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

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

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

USE OF PYTHON 3.6.9 WILL NOT INFRINGE ANY THIRD PARTY RIGHTS.

5. PSF SHALL NOT BE LIABLE TO LICENSEE OR ANY OTHER USERS OF PYTHON 3.6.9

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

MODIFYING, DISTRIBUTING, OR OTHERWISE USING PYTHON 3.6.9, OR ANY.
—DERIVATIVE

THEREOF, EVEN IF ADVISED OF THE POSSIBILITY THEREOEF.

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

its terms and conditions.

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

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

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

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

third party.

8. By copying, installing or otherwise using Python 3.6.9, 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

(Jooooooo)
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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 THEREOF.

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

its terms and conditions.

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

granted on that web page.

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

bound by the terms and conditions of this License Agreement.

C.2.3 CNRI LICENSE AGREEMENT FOR PYTHON 1.6.1

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

associated documentation.

2. 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 c2”"a9 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,

Jooooooo)
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Licensee may substitute the following text (omitting the quotes): "Python 1.6.1
is made available subject to the terms and conditions in CNRI's License
Agreement. This Agreement together with Python 1.6.1 may be located on the
Internet using the following unique, persistent identifier (known as a handle):
1895.22/1013. This Agreement may also be obtained from a proxy server on the
Internet using the following URL: http://hdl.handle.net/1895.22/1013."

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

include in any such work a brief summary of the changes made to Python 1.6.1.

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

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

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

its terms and conditions.

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

party.

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

conditions of this License Agreement.

C.2.4 CWI LICENSE AGREEMENT FOR PYTHON 0.9.0 THROUGH 1.2

Copyright ""c2”7a9 1991 - 1995, Stichting Mathematisch Centrum Amsterdam, The
Netherlands. All rights reserved.

Jooooooo)
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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.3 Licenses and Acknowledgements for Incorporated Software

This section is an incomplete, but growing list of licenses and acknowledgements for third-party software incor-

porated in the Python distribution.

C.3.1 Mersenne Twister

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.

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

permission.

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

Any feedback is very welcome.
http://www.math.sci.hiroshima-u.ac.jp/ m-mat/MT/emt.html

email: m-mat @ math.sci.hiroshima-u.ac.Jjp (remove space)

C32 0000

The socket module uses the functions, getaddrinfo (),and getnameinfo (), which are coded in separate

source files from the WIDE Project, http://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. 1IN 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

(ooooooo)
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LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY
OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF
SUCH DAMAGE.

ouT

C.3.3 Floating point exception control

The

source for the fpect 1 module includes the following notice:

\

Copyright (c) 1996.
The Regents of the University of California.

All rights reserved.

Permission to use, copy, modify, and distribute this software for
any purpose without fee is hereby granted, provided that this en-
tire 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 work was produced at the University of California, Lawrence
Livermore National Laboratory under contract no. W-7405-ENG-48
between the U.S. Department of Energy and The Regents of the
University of California for the operation of UC LLNL.

DISCLAIMER

This software was prepared as an account of work sponsored by an
agency of the United States Government. Neither the United States
Government nor the University of California nor any of their em-
ployees, makes any warranty, express or implied, or assumes any
liability or responsibility for the accuracy, completeness, or
usefulness of any information, apparatus, product, or process
disclosed, or represents that its use would not infringe
privately-owned rights. Reference herein to any specific commer-—
cial products, process, or service Dby trade name, trademark,
manufacturer, or otherwise, does not necessarily constitute or
imply its endorsement, recommendation, or favoring by the United
States Government or the University of California. The views and
opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or the University
of California, and shall not be used for advertising or product

endorsement purposes.

C.3.4 Asynchronous socket services

The

asynchat and asyncore modules contain the following notice:
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Copyright 1996 by Sam Rushing

All Rights Reserved

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

permission.

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

C.3.5 Cookie management

The http.cookies module contains the following notice:

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

All Rights Reserved

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

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

pertaining to distribution of the software without specific, written

prior permission.

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

C.3. Licenses and Acknowledgements for Incorporated Software
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C.3.6 Execution tracing

The t race module contains the following notice:

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

Python 2.2 license.

Author: Zooko O'Whielacronx

http://zooko.com/

mailto:zooko@zooko.com

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

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

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

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

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

distribution of the software without specific, written prior permission.

C.3.7 UUencode and UUdecode functions

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

(Jooooooo)
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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

C.3.8 XML Remote Procedure Calls

The xmlrpc.client module contains the following notice:

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.

C.3.9 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

(ooooooo)
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a copy of this software and associated documentation files (the
"Software"), to deal in the Software without restriction, including
without limitation the rights to use, copy, modify, merge, publish,
distribute, sublicense, and/or sell copies of the Software, and to
permit persons to whom the Software is furnished to do so, subject to

the following conditions:

The above copyright notice and this permission notice shall be

included in all copies or substantial portions of the Software.

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

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

C.3.10 Select kqueue

The select module contains the following notice for the kqueue interface:

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

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

modification, are permitted provided that the following conditions

are met:

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

2. Redistributions in binary form must reproduce the above copyright
notice, this list of conditions and the following disclaimer in the

documentation and/or other materials provided with the distribution.

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

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

OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT
LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY
OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF
SUCH DAMAGE.
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C.3.11 SipHash24

The file Python/pyhash. ¢ contains Marek Majkowski’ implementation of Dan Bernstein’s SipHash24 algo-

rithm. The contains the following note:

<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/siphash24/1little2)
Jean-Philippe Aumasson (https://131002.net/siphash/siphash24.c)

C.3.12 strtod O dtoa

The file Python/dtoa. c, which supplies C functions dtoa and strtod for conversion of C doubles to and from
strings, is derived from the file of the same name by David M. Gay, currently available from http://www.netlib.

org/fp/. The original file, as retrieved on March 16, 2009, contains the following copyright and licensing notice:

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

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

*

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

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

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

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

* documentation for such software.

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

* REPRESENTATION OR WARRANTY OF ANY KIND CONCERNING THE MERCHANTABILITY

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

(oooooon)
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*

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

C.3.13 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 Mac OS X 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-core@openssl.org.

OpenSSL License

/x === == == == == ==

* 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-core@openssl.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.

(oooooon)
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*/

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)
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
(eay@cryptsoft.com). This product includes software written by Tim

Hudson (tjh@cryptsoft.com).

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

(ooooooo)
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* 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 :-).

x* 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. 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.

* 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.3.14 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

(ooooooo)
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the following conditions:

The above copyright notice and this permission notice shall be included

in all copies or substantial portions of the Software.

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

C.3.15 libffi

The _ctypes extension is built using an included copy of the libffi sources unless the build is configured

——with-system-1libffi:

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

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

the following conditions:

The above copyright notice and this permission notice shall be included

in all copies or substantial portions of the Software.

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

C.3.16 zlib

The z1ib extension is built using an included copy of the zlib sources if the zlib version found on the system is
too old to be used for the build:

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

The implementation of the hash table used by the t racemalloc is based on the cfuhash project:

Copyright (c) 2005 Don Owens
All rights reserved.

This code is released under the BSD license:

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

are met:

* Redistributions of source code must retain the above copyright

notice, this list of conditions and the following disclaimer.

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

* Neither the name of the author nor the names of its
contributors may be used to endorse or promote products derived

from this software without specific prior written permission.

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS
"AS IS" AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT
LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS

Jooooooo)
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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.3.18 libmpdec

The _decimal module is built using an included copy of the libmpdec library unless the build is configured

——-with-system-libmpdec

Copyright (c) 2008-2016 Stefan Krah. All rights reserved.

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

1. Redistributions of source code must retain the above copyright

notice, this list of conditions and the following disclaimer.

2. Redistributions in binary form must reproduce the above copyright
notice, this list of conditions and the following disclaimer in the

documentation and/or other materials provided with the distribution.

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

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

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

Python and this documentation is:

Copyright 2001-2019 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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