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11 0000

Let’s create an extension module called spam (the favorite food of Monty Python fans...) and let’s say we want to
create a Python interface to the C library function system () *I This function takes a null-terminated character

string as argument and returns an integer. We want this function to be callable from Python as follows:

>>> import spam

>>> status = spam.system("ls —-1")

1 0000000000000 00000000000 os00000 —0000000000000000000000000
oooo
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000 spammodule.cO000O0D000OO0ODOOODOO@M@OUOODOO spam0O0D000C0D0OO0ODO
o0Ooo0o0oO00C0oO0oooOO0oDO0O0O0000 CcO0O000 spammodule.cO0000O0O0O0O0OO00OO;
spammify 0000000000000 O0OODOODODOODO spammify.cO0000000)

goboooobooooooooobooooo:

#include <Python.h>

OO000OPython APIOOOODOO(DOOO0OOOOOOOODOOO0OO0O0O0OO0DO0O0O0O0O0O00O0)O

O0: PpythonOOOOOO0ODOOCOOO0ODOOOOOOOOOOOOOOOOOOOOOOOCOOOOOO
b0 python.hOOOOOOOOOOOOODOODOOOOO ODODOOOO O

Python.hOOOUOODOOOOODOOODOOODOODODOODODO pyODOOPYODOODOOODOO
g0ooU0o0o0oU0oOU0oOo0ooUDoDOoU0oU0UooooOOoPython DO OODOOODDOODOOOOODO
gooono "python.h"OO0OODOO0ODOODODODOODO: <stdio.h>DO <string.h>0U <errno.
h>0000 <stdlib.h>000000000000D0O0O0CDOOO0O0ODOOO0O0ODOOO0O0ODODOO0
"Python.h" OO0 malloc() O free() 00O realloc() UODOOODOOOO

0000000000000 00Pythond spam.system(string) O000000000000O000OO
ocoooo(@oooooooooooooooooooooooooooon):

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 Py_Buildvalue("i", sts);

0o0ddOPythonODOOOOO (@COOOOOOO "1s -1MmOO0COOOODODOOCOOOOOOODOO
oD cCcOO0OOoOooOoOoDoOoOoDboUOUDO self0D00 argsd0DOOODO

00000000000000 self 000 NULLOOODOODOODO0OOO0OOO0ODO0O0OO000On
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0000000000000 000o0oDooDoD COODODO0O0O0O0O0O0OoOoODPython APLO OO
PyArg_ParseTuple () 000000000 DODOOCOOODOOOOODO pPyArg_ParseTuple() OOO
gooboooOooo0o0ooodoboDOoO00OoooUdUOoo0UoDoOUUoooO coogobooooooooo
goopbooooooobboooo

PyArg ParseTuple () UUOODOOO0OO0ODOOOOD0ODOOOOODOOOODODOOOOODOOOODOOO
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gooboboboboooooooboooo

(0ooO0o0ob0 pyErr+ () OOO0ODOOODOOOOODOOOOOOODOOODOODODOOOODOOO
oboooooooobOocOoOobobocOooboOooOoOoOOoOo0ooOooOboO0OobOO00n pyErer () OOODO
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00000000000000000000000)
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J0odddO0OD0OoOOO0000o0oOoDoDoObObOO00000ooooDoOoOoOO)00000oDoDoOObOOoO00oOoOooon
PyErr Clear () UODOO0ODOOOODOODOO

malloc() 000D OOO0ODOODOOOOOOOODODOODOOO —malloc() (DOO realloc())OO
000odo0oo0oob0o0o0oboond pyErrNoMemory () DO0O0OOO0O0O0O0O0O0O0OO0O0OOOODOOODOOO
00000000000 0000 (000 PyInt FromLong()) O PyErr NoMemory () 0000000
0000000000000 dUd malloc() DOODODODODOODODODOOO

000 PyArgParseTuple () 0000000000000 O0O00000000O0O0O0O0OOOOOUnix
gooooobooooboboobooobooboboobbooobbobobooboobobooD -1 000
ogo

ooooooooooOooOooOooOo@oooooooooOooOooOoOooOoDOOoOoOoOoOoboOobOOoOooon
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goobobob0o0oooobbo0oobD0obO0ob0obOob000n PpyExc_ZeroDivisionError DO O OOO
00poo0ooOo pythonOOODODODODOOOOO COODDOODOODOODOODOODOOODOODOODO
ooooo0ooO0ooO0OO0oDO00O00D —OO0O0O00DO0O0O0OD0ODO0ODO0OCO0O0OD PyExc-TypeError O
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0000000000 PyArg-ParseTuple () 00000 PyExc TypeError 000 doogooogn
goooboobobobobooboobobobobooboboboo0ob0obOoboOon0on pyExcValueError O
ooooo

gogboobooobooboboobooboobobooboobbooboobbooboobbooboboobo
gooooobooog:

static PyObject +SpamError;

000000o000000000d (anitspam())00000O000O0O0COOOODOCOOOOO@OO
oopDoOooooooooooon):

PyMODINIT_FUNC
initspam(void)
{

PyObject #m;

m = Py_InitModule ("spam", SpamMethods);
if (m == NULL)

return;

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

Python 000 O0O0OOOOCOOOOODOOODO spam.erroxr 00 O0D0OODOODOOODOOO
PyErr NewException () OO OO bltin-exceptions 0 D 000000 Exception 00000000
goboooooOoOoooooOobD wuLLOOOOOooooDbDooooooooboooo)g

SpanError JO0O00O0O0OD0OO0O0O0OD0OOOOODOOOODODOOOODODOOODLDOODODDOOO;OODO
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ooooooo!'ooo0o00oooo0o00o0oooOO0000ooooO000obooOo0o0oBDoooO0Oo
000000000000 00000 SpamError 000000000 (dangling pointer) 000000
goooboooobooboooobo0obooDboO0ooO0bObO0o0O00b000D spamErrordoogn
ooooooo0ooooooo coooooooooooOooooooOoOooOooOooOoOooOoDOoOoboOoooaon
ooboooooooooon

oob0o0o0ob0OO0o0oO0oO00O000 pyMODINITFUNCOOOOOOOOODOOOOODOOOO

PyErr_SetString () UODOUO0O0D0OOODO0OO0ODOOODLODOODODO spam.error 000
oog:

static PyObject =
spam_system (PyObject xself, PyObject *args)
{
const char *command;
int sts;
if (!PyArg_ParseTuple(args, "s", &command))
return NULL;

sts = system(command) ;
if (sts < 0) {
PyErr_SetString (SpamError, "System command failed");

return NULL;
}

return PyLong_FromLong(sts);

1.3 0000

ggbboooboobbooboobooobooboooboobg:

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

0000000 pyArg-ParseTuple() DO0O0OO0OO0OODOODOODOODOODOODODOOOOOOOOOO
000 NULL(OOODOOODOODO0O0OO0DO00DO0D00000o0ooo0oooo)ooooooooon
oobOoO00OO00OoOO0O0oOoOOO00DOOO00DO0d command0DOOOODOOOOOOOOODOOODO
goooooooopoOoooOooooOood0ood0ooO00ooOoUoDOoU0oDoOUDOOdODOO0 OoDooo
COD0OO000 command O const char* command 00000000000 OOOO0O)O

000000 PyArg ParseTuple () DO00O0OO0O00O0O UnixOO system() OO0O0O0O0OO0OOO:

sts = system(command) ;

spam.system() O sts O Python OO0 0 O0DOD0OOOOODOOOODODOOOODODOOO
PyArg_ParseTuple () DOOOOOODOODO Py Buildvalue () OO0OOO: Py Buildvalue () OO
god0o0oOoOoooOoD COOOOOO0OUOUOODO PythonODOOOOODODODODODO Py-Buildvalue ()
gooboboboboooooooo
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return Py_BRuildvValue("i", sts);

0000000 pyBuildvalue () 000000000 D0OOO0ODOO@ODODOODODOOO0O PythonOO OO
gopbDoOoooooobooooat)

0000Do0o0o0ooooonO (voidOOOOO)DO0ODOOO PythonOOOO NoneOOOOOOOOOOO
000 NoneOODOOOOOOODOOOODOOODOOOO(@OOODO Py-RETURN.NONEOOOODO
ooooogd):

Py_INCREF (Py_None) ;

return Py_None;

PyNone UOUOO Pyhton OO O OOODOODO NoneOOOOO COOUODODOOOCOOOODODODODODOO
000000000 o0oOo0 000”0 0000 NULLOOOODOOOD0D NoneDOOODO PythonO OO
gooogoogd

14 0000000000 DOOOOOOOOOO0

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

static PyMethodDef SpamMethods[] = {

{"system", spam_system, METH_VARARGS,

"Execute a shell command."},

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

000000 0O0D0OD0O000 (METH.VARARGS)ODOOOODOOODOODOODOODODOOOCOODOOO
0000000000000 000D0000D00000000D0O00 METH.VARARGS 0 METH_.VARARGS |
METHKEYWORDS OO OOO; 00000 PyArg-ParseTuple() DO0OOO0O0OOO0OOOOOODOODOO

METH.VARARGS OOOOOOOCOCOOOOPythonODODODODDODOD PyArg-ParseTuple() DOOOO
goobobobobooooobooooobobobobobs;coboobooboobobOobobobooo

J0000O0DO000O00O000O0b0000OD000D0DO0O00D0D0O0OD0OO0OO00 METH.KEYWORDS OO
000O0o0DoOO0oO0oDOOoOboOoOoOoCcoDOOobOboODnnO pyObject »O0OOOOOODOODOODO
00ooooDooo0o00oooDooo00o0oooooDoDooo00oo0oDoDoDoooDoooooon
PyArg ParseTupleAndKeywords () DO OOOOOOO

goooogooboboobooobobooobbooobboooobbooobboo0obobbboogoo
gooooboOob name 000000 initname () 0000000000 0OOOOOOOOOOOOOOO
gobooobooooboooooboo s.eicO00OO0DOOOODODOOO:

PyMODINIT_FUNC

initspam(void)

(ooooooo)
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(Cooooooooo)

(void) Py_InitModule ("spam", SpamMethods);

PyMODINIT FUNCOOOOOOOD voidOOOOOOODOOOOOOOOOODOOOODODOODBOOOO
0000000 (linkage declaration) 00000000000 C++ 00000000 extern "C"ODOOO
ggboooobooboon

PythonOOOOOODOOODODO spamO000 import 00000 initspam() 00000000 0O (Python
o00o0oooO0000O0000DOO0000000000)initspam() O Py_-InitModule() O0O0OO
0000000000000’ od0oD0(@@opoo0U0g "spam"OOOOOOODO sys.modules OO
ooooo)oooooooO0O0O0O000000000 (PyMethodDef OOOOOO0)O000000O0O0OOO
gbobobobobooooooobobuobobobobbob py-InitModule () UOODOOOOOO
(oDOoO00oO0oOOoO0O0oDL)oOCOOOODOO0O0ODOO0ODOOO0ODOOO0 Py-InitModule() OODO
000000o0ooooooooD abort 0000000000 DOODOOODOOOOO0O0OOOODOO NULL
gooogo

Python 0000000000 PyImport InittabOD0OO00O00OO0O0ODO initspam() OO0O0O0O0O
initspam() 000000 0OD00O0O00ODO0OO0OO0OO0DO0OOOODOOOODOOOPy-Initialize()
U PyMac_Initialize () OO0OO0ODO0D0DO0OD initspam() D00 0000O0O0O00O00O0OO0OO0O0O0OOOO
gogbobooboobboooboobboobbogd:

int

main (int argc, char xargv([])

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

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

/#* Add a static module #*/

initspam();

PythonOOOOOOODO Demo/embed/demo.c0000000O0OO0DOCOO

O0: O0O000DOO0O0(@MODO fork() OO exec() OODOODOOOOOO)ODODOOO0OOOOOOO
000000 sys.module 0000000000000 0DODOOO000O0ODO00O00 importdO000O
gobbodoooboooobooooooboooooOoo0ooboooobooooooooooOooobOOOoOooboOooon
gbooooboobobobuobobofbibil reload() DOO0OO0OO0OOOODOOOOOCOOO
00000000o0O00000 (dnitspam())00000000O0O0O0ODOOCOCOOOOOOOOOOO
00000000 (UnixOO .soOWindowsO O .d11)0000C0O000O0O0COOOODOCOOOOO
goboooooooooooooboooo
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0000000000000 0Python0O0O0O000O0O Modules/xxmodule.cO0O0OO000O0O0000OO
goboooboooobooooooooooOooooboooobooOoooboobooooo

15 000000000

0000000000000 0000000000000000:0000000Python0000000O00O0
00000o0O0o0O0000000 dynamicloading) 0OO0O0O0O0O0O0O0O0O0OOO0O0OOOCOOOOOO
gooooooooooooooooooooooooooOo;0boobooboOobbOOoboboooboboon
O (disutils 000 COO0 C++ 00000000000 0)O0O0OWindowsOOOOOOOODOOOOOOO
0000 (Windows OO COOD C++ 00000000000 0)0O0O0OO0O0O0OO0OOOO

gooooo0o0oo0o0ooO0o0oOooUODOoUODOoO pythonOOODOOODOOODOODODOOODOODOOO
j0oo0doo0o0o0o0ooo0oDo0o0doodoDoU0oD00oo0oDUDOoUNxO00OO0O0OO0OoDOO
ooo0oo0oDO0o0ooO0:-DOO000000D0000D00O (DO0 spammodule.c)0OD0OO0O0OO0OO0ODO
00 Modules/ 0000000000 Modules/Setup.localOO0OO0O0O00O0O0O0O0OO0OOCOOOO:

spam spammodule.o

0000000000000 0000C0OC0OO make 000000000000 OOOOOOODOOO
00 Modules/ 0000000000 make 0000000000000 ’make Makefile’ 00000
Makefile 0000000000000 000O0O0O0O0@MOOOO Setup00000000000000O
ooo)

gboooboooocoooooboboOobOoOoocOoocooOoOobOO0obOOoOOOobOO0ObOObOOoObOOOOoOOoDOOn
goboooboooooood:

spam spammodule.o —-1X11

1.6 COO PythonO OO

oo0ooo0OO0OPythonO OO COOOOOOODOOOOOOOOOODODOOOOOOOOOODO:-COOO
Python OO O OOOOOODOOOCOCOOOOOOOO0OOO™OOOOOY0O0O0O0O0OOOOOOOOOO
goooooooooooooooooobooOooo cooooooOooooOobOOoooopDoopbobooboo
000000000 PythonOOOOOODDOOD PythonOOOOOOODOOODODOODODODODODODODODO
0oo00;000000000CO000D0O00O0O0ODO000000 PythonODOOOOOOODOOODOOOOO
oobooobooooboooooboooooboooboboOooobooOoooon

O000000Python OO OO0 O0O0O0O0O0O0O0OOODOOODOD PythonODODODOODOOOOOOOOOO
00o0o0oooooo(ythonOD 0000000000000 0000O0O0O0O0O0O0OOOOOOOODOOO
000 —0000000000000 PythonOOOOODODO Modules/main.cO000000O000O0OO
0000 -cOoOoOoOoODOD0OO0)

Python 000000000000 O0DOOCODOOOO0O0OOOOO0O0OO0OO0O0DO0OO00O PythonOO
0000o0oooooooOo pythonOOOOOOOOO0O0OODOCOOOOOOOODOOCOOOOOOOO
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ooo(@ooooboooooooooo)boooooooboooooooOoboOoOooooboboooooobobooooon
0000000000 python0 0000000000000 O0O0O0O0O0O0O0O0O0 —O0O0O0O0ODOOODOOO
000 —00000@o0o0O00000D0 py INCREF() DDOOO0OOO0OODOOOOODOONDOOOOOO
gobooobooooooooobOoboOoobooOooooog:

static PyObject xmy_callback = NULL;

static PyObject =
my_set_callback (PyObject *dummy, PyObject =xargs)
{

PyObject xresult = NULL;

PyObject xtemp;

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

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

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

}

return result;

oddd METH.VARARGS DO OU0OO0OODDODOOOUOOODODODODOOOOODDO;METH.VARARGS OO
goboobooooboobooboobbopoobobooo 0Obob0o0obOn pyArg-ParseTuple() O
gogobooboobobo oo obo oboobboon

Py XINCREF () 000 Py XDECREF () 0000000000000 00O0O0O0O0O0O0O0O0O0O0/0000
00o000oooooooANULLOO000000000000oooooooooo (oooooooooo
temp 0 NULLOODOOOOOOOO)OOOOOOOOOOOOOOOOOOOOOOOOOOOO0 OO0
gooboooo

00DOo00D0OO0O00O0O00DOO0O0DODOOO0O0OOCOO pyObject-CallObject () DODOODOOOODO
0000000000:PythonO0OD0 PythonOOOOOOOOOOOOOOOOOODO PythonOODODOODO
goobooboboboooooooobooobobobobooobooooobooboboboboboboooon
O0O0PythonOOOOOOOODOOOOODOOONULLODODOOOODOOOOO;OD0000DO000OO
00000O0Ogo (singleton) 0000000000 Py Buildvalue () 000000000 O0ODODOOO
goobobobobooooooooobooboboboobobooboobooboobobobobobooog:

int arg;
PyObject xarglist;
PyObject =*result;

arg = 123;

(ooooooo)
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(Cooooooooo)

/+ Time to call the callback #*/

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

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

PyObject_CallObject () O Python OO OO0 O0O0OOO0ODOOOOOOO: OO0 PythonOODOO
0000000000 PyObjectCallObject() OOOOOODODO »™ODOOOOOO (reference-
count- neutral)” 0 000 O00O0OO0OOCOODOOOOOOODODODOOCOOODODOOOODOOOO
PyObject_CallObject () DUDOUOOUOODO Py DECREF () UDOUODOOODO

PyObject_CallObject () DO0OOODOO 0007000000:00000000000000000
gooooobooboboobooboobobooboobboobuoobbooboobboboboobo
gobooOo0obooOoOoO0oDOoOoO0OoOOOoO00DOoOoUO0ODOOUOOO(DooooboooooooYy
ggboboooboobobOoobo0bb py DECREF () DOODDOODOODO

000000000 py DECREF () OOOOOOO0O NULLODOOOOODOOOOODOOOOOOOOOOO
NULLOOOODOOOD PythonOOOOOOOOOOOOO0OOOO0OOOO PyObject_CallObject ()
0000000000000000 PythonOODODOODOOOOOOOOOO0O0O0O0O0COOOOOOOO
000000 PpythonOO0O0O000O0DOOOCDOO0O000O0ODOOOOOO0O0O0OOOODOOOOOOOOOO
0000oooooooo0ooooooooo python 0000000000000 OOOODOODOOOO
ob00o0obO0oobooOoood pyErrClear() DOO0OO0O0OO0O0OOO0ODOOODOOOOCOOOOOODOOOO
gopooon:

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

Python 0 0O O0DO0O0O0OO0DOOCDODOOOOOOCOOOCOCDODOOOOOOCOOOOODO
PyObject_CallObject () DD OO0 DOO0OO0ODOOOODOODOODOODODOOODOODOOODO
goobooboboboooooooboobooboboboboobobooooboobDoboboboboboooo
goooooooooboboboboboooddooooooobooboobbbbobbobooooooobbobobboboo
Py Buildvalue () OO0OO0OOO0O0OO0OO0OOOOOODOODOOOOOOOOODOODODODOODOO
gboobobobooooo:

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) U0ODOO0OOO0O0OOOO0OOODOOOOO0OO0ODOODOOOOOOOOODODOn
0!0000C000000000000DOo00ooOUD: pyBuildvalue() OO0O0OOOODOOOOO
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gobodoobooooboooooood

gboboboboboobooboobobd pyObjectCall () OOOOOOOODOODODOOOOOO
goobobobooooboboobobobob pyBuildvalue () DODODODOOOOODO

PyObject =dict;

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

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

1.7 00000000000000O00ODO0

PyArg ParseTuple () UOOOO0DOOOOOOO0ODOOOOO:

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

O0argO COOOO PythonOOOOOOOODOOOOOOOOOOCODOODOOOOOOOODOOODO
format DO 000000 OOQO Python/CAPIDOOODOOOOOODOODO arg-parsing 00000000000
gobbodooobooooboooooooOoooOoo0ooboooobooooooooooOOoobOOOoOoOoboOooon
gobooooood

PyArg_ParseTuple() O Python 000000000000 O0OOODOOOOOOODOOOODBODOO
PyArg_ParseTuple () O00O0000OO0OOCODOOO COOOOOOOOOODOOOOOOOO0O0OO0OOOO
gooooooob:0000000000000000O0O00OO0O0OO00b0O0O00O000OO00O000
oooooooooooooooooooooooo!

0000000000000 000000000000 OO0 00 (borrowed reference) D00 O00; 0000
0000000000o0o0ooooooooooooooo!

goboooooooooooobod:

int ok;

int 1, 3j;

long k, 1;
const char «+s;

int size;

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

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

1.7. 00000000000000000 13
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ok = PyArg_ParseTuple(args, "l1lls", &k, &l, &s); /* Two longs and a string =/
/+ Possible Python call: f(1, 2, 'three') */

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

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

f('spam'")

f('spam', 'w')

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

int left, top, right, bottom, h, v;
ok = PyArg_ParseTuple (args, " ((ii) (ii)) (ii)",
&left, &top, &right, &bottom, &h, &v);
/* A rectangle and a point =/
/* Possible Python call:
£(((0, 0), (400, 300)), (10, 10)) =/

Py_complex c;
ok = PyArg_ParseTuple(args, "D:myfunction", &c);
/* a complex, also providing a function name for errors */

/% Possible Python call: myfunction (1+23j) =*/

1.8 0000000000000 OODOOOn

PyArg_ParseTupleAndKeywords () DO UOOOO0DOOO0OOOOODOO:

int PyArg_ParseTupleAndKeywords (PyObject *arg, PyObject xkwdict,
char *format, char xkwlist[], ...);

arg 0 format 00000 PyArg ParseTuple() JO0O00O0000O0O kwdicc OODOOOOODODOOOOO
0000000 PythonODOODOODODOODOO0ODO0ODODOOOOOOOOOOO kwlistODODOODODOOO
000000000ooo0oU0oooo NULLOO0000O0000;0000000 format0000O0O0O
g0ob0bO0ob00o0o0boOUub0bU0obOoUn pyArgParseTupleAndKeywords () UOODOOOOO
oobooooooooooOooboooooooo

14 010 CO0O C++000 PythonO OO
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O0: 0000000000000 00000000000000000'wLstDO0O0O0O00O0O0OOOO

gobobooboobogn TypeError 0o oononooon

000000000000 000000000000000 Geoff Philbrick (philbrick@hks.com) 0 0000

goboocoooocoooog:

#include "Python.h"

static PyObject =«
keywdarg_parrot (PyObject xself, PyObject =xargs, PyObject xkeywds)
{

int voltage;

char *state = "a stiff";

char raction = "voom";

char *type = "Norwegian Blue";

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

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

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

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

return Py_None;

static PyMethodDef keywdarg_methods[] = {
/+ The cast of the function is necessary since PyCFunction values
* only take two PyObject+ parameters, and keywdarg parrot () takes
* three.
*/
{"parrot", (PyCFunction)keywdarg_parrot, METH_VARARGS| METH_KEYWORDS,
"Print a lovely skit to standard output."},
{NULL, NULL, O, NULL} /* sentinel x/
}i

void

initkeywdarg (void)

{
/* Create the module and add the functions */
Py_InitModule ("keywdarg", keywdarg_methods);

18. 000000000000 OOOOOOO
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1.9 000000000

Py_Buildvalue () 00 PyArg ParseTuple () DO UOOODODOOOOODODOOOODOOOOODLODODOOO
gooogo:

PyObject #Py_BuildValue (char xformat, ...);

Py Buildvalue () OO PyArg_ParseTuple() UO00D0O0D0O0ODOOOOOOOOOOODOOOOOOO
ddodd0@dobOdooddoodobdoooO0)yoooooooOdoDoDOoOoooOOoOooOoOoooooo
000 PythonOODOODDOO0O COODODO0ODDOO0ODODOOOODOO PythonOOOODOOOOOOOO

PyArg ParseTuple() UUOUOOODODODOOOO0O: PyArg-ParseTuple() ODODODODODOOO0O0O
00Do0o0ooooo0D (Python 00O DO0DDO0DOODODOODOOODODOOOOOODOO)ODO
Py Buildvalue () DOO0OOOODODOOODODOOODODO pyBuildvalue() ODOOODOOOODOO
gogbooooboobuooboobboobooboobbobbuooboobbobDbUo0ob Nonedn o
goooboboboboooooooogooboboboboooobooboobooboboboboboboooo
gopoo01000000DOOO00O0OO0U0ODOOoOOOOoOODOODOODO

O0000ooo00@oooO00ooo0o0ooo00 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 ("ss", "hello", "world") ('"hello', 'world'")
Py_BuildvValue ("s#", "hello", 4) 'hell'
Py_Buildvalue (" ()") ()
Py_Buildvalue (" (i)", 123) (123,)
Py_BuildValue (" (1 )", 123, 456) (123, 456)
Py_Buildvalue (" (i,1i)", 123, 456) (123, 456)
Py_BuildValue("[1 i]", 123, 456) [123, 456]
Py_Buildvalue ("{s:i,s:i}",

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

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

110 0000 oOoo

CO0C+000000000OO00ODO0O0OO0OODO0OODOOOOODOUODOUODOODOOODODODODO
0000000000 CO000 malloc() O free() ODODODDOC++0D000DD0ODODOOODOOO
newl delete00000O00O0ODOOCOODOCOOOCDODOOODDOOODOOOO

malloc() UOOO0OO0O0OO0OOO0OO0OODOOO0O0O0OC00ODO free() OOOOOOOOOODOOOOOO
obobOobobO0oboobO0obO0o0ooO0o0oODO0bObo0Ob0n free() OO0OO0OOO0OOOODODODOODO
0o0ob0obo0o0o0boO0bO free() DODODODODOOODOOODOOOOOOOODOODODOD
gboooboooocoooooboooboobOoOoocOoocooOoOobOOobOOobOOoOboOoboOoOOoOOOobOOoOoOoDOOon
(memoryleak) D00 0000000000000000000000O00000O0O free()00O00D0ODO
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gbooooboooooooooboobobodibd malloc() DOOO0OOO0OOOOOOOOOOODOOOO
000000o0o0oooooo0O0o00000000 (using frredmemory) 00000000000 O0O0O0DOO
gooboooooooooboooooooobo0 —0OObO0obooboOoboOooOboobbO0oob0 —0ooo
gooooo

gooooobooboooboobooobooboobDbooboobbooboobbooboobo
gooboobobobooooooooooboobobobooobobooboobDoboboboboboboooo
gogoboobboooobobobooobboooobbooobbbooobboooobbbooobDbbbooon
gooobooboboboooooooobooobobobobooobooooobooboboboboboboooon
gogboobooobooboboobooboobobooboobbooboobbooboobbooboboobo
gogooboooboo:-obbooobbooobboobbbooobbooobbooobbooLb o
goooboobobobooooooooobooboboboboobobooboobooboboboboboboooo
gogoobooboboooboboooooboboooobbooobbbooobbbooobbbooobLbooo O
goooboboboboooooooooobobobobobooobooboobooboboboboboboooo
gogoboooobooboon

Python 0 malloc() O free() O0O0O0D0O0O0O0O0O0O0DOOOCOOO0OOOOCOOOOOOOOOCOOO
000000000000 000oO0o0000DoOb00000000000 (reference counting) 0 0 00O
gboooooooobooooooooooodo:-obo00oobooboobboobooooooooooooon
ooboooobooooboooooobooooobOoOooboOooooOoobooooooOooobOooOOoOooboboOooon
goboooooooooooooboooooOoobo0ooooooooOoooooDoOoooDOoDOooDboboOooon
goboooooooooo

00000000000000000000 (automatic garbage collection) 000000000 (D ODOOO
00d0oooooooooOooOo0oU0U0UoUooooooooOooOOO0UUUUUoDoooDooDoooOO o
O (automatic)” 0000 0000)DO0000D0D00D00OO00O0OO0OO0O0D0O0O0OO0O0O0O free() OOOOO
gooooooooooooooD (oo UUOoUUoOoDOoUDDOODDOOO —D0OOoDODOO
jooooooodoooo)ycoboooooooOooOOooDOooOooOoOooDOooDOoooooooOooDOoooon
0000000000000 Oo0o0o0000oUooooooooo0oO00O00000oOg (malloc()
0 free() JOOODOOODOODOOO0 —COOOODOOODOOODOOO)MDODODODUODOODOOOOO
Jo0ooooooo COopoooouoooDooooooooooooooooDoooooooooooon
oooooood

Python OO OOOOOOOOOOOOOOCOOOODODOOOOOODOODOOOOOODOOOOOODOODOOO
00000 (cycledetector) DO OO OOOOOOOOOOOOOOOOOOODOOOOOOOOOODOOO
goooooooooooooooooooooooOo;obooobOoooboooboboobboOooboboooobon
0000o00o0o0o00ooooooooooooooooooooo@oooooooooo)ooooon
goocoooooooobooooboobooooobooobOoOobOOooooooobooobobooboboooboooon
gobodooobooooboooooooooboooobooooooooooooooooooooobooOoon
gobooobooooooooobOoooboboooboooooooOoooDooa

0000000000000 000000000000PythonD00O00O00O0O0ODOOO (finalizerd
_del__()0OOO0OO0)DOODOOOOOOOOOOOOOOOOOOOOOOCOOCOODOOODOOOO
0000oo0o0oo0ooUoDO gec 000000 (@MODO00OD0OO0O0O0OO0D0OD garbagedOO)0O0O
00000 gc0O0000O0O0O0O0DODODOOO (collect()O0DO)OODOOOODOOOOODOOOODO
gooooooobobooooooobooooooboboooobooboboobooooobooobooooDbOon
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00000;000000000000000UNx00000000 MacOSXOOODODO)ODODOOO
00 configure DO OOOO —-without-cycle-gcOOOOOOOOOO0OOO0ODOOOOOOCOOO
pyconfig.h U000 WITH CYCLEGCOUOUOOOOODOODODOOODDOODOOODLODOODODOODOOO
oboboddgcO0OO0OO0OO0OO0OOOODOOOODOOO

1.10.1 Python O OO OOOOOOODO

Python OO0 OOO0OOOCOODOOO0CODOOO0OCODOOCOODOOOODOOOODODO Py_-INCREF (x) O
Py DECREF (x) UUDO0OU0ODO Py DECREF () DOOODDO0ODOODLOODOOODLDOOODOODOO
gboobobob0obo0oooooobODbOob free() UO0obOO0OOLO0OODO0OO0 —DODODODOOOOO
00D0oOOonoo (peobjecty DO O00ODOOO0ODO (DOOUODOOOOO)MODOODDOODOOOO
gogobooobooboooobuoobooboboobg

gooooOoooOOO0OO0OO0OO0D0OD0D0:00 Py INCREF (x) 0 Py DECREF (x) DOOOOOOOOOOO?
g0oooooo0ooooOoUoooooOoUoooooU0oooDooo0 g (own)’00O0OOOOOO
00D0;00000C0000C00DO0O0b0O0Od0 ownareference00000OO0O0ODODOOODOOOO
goooooboobooooboobooobooboobDbooboobbooboobbooboob o
0000000 Py DECREF() D000 OOODODODODOODOODODOOOODO (ransfery DO ODODODOOO
O (ownedreference) 100 O0000O0OOOO0O000 Py DECREF() D0O0O0OODOOOO0O0O0O0O0OOODOO
goobobobooooooooboboboboooooooon

0000000000000000 (borrow) DOO0O0D0DO0*? 00000000 Py.DECREF() 0DOOODO
0000000000000 00000000O00000O00000o00o0000o00ooo0ooooon
0000000000000 0000000000000O00000O00D0000D0O0O00DOoOooOD
oooo*?

goboooobooooboooooobooooobooOooboooobooooooooooOooooOooboOoOooboboOooon
gooooodooooobo —ooooooooboobooobobooboodoooooooooooooon
goboooobooooobooooooboooooOoooobOboOoOoooOoobooOoOoooOOoOoOoOOoOoobboOooon
goboooooooooooooboooobooobooobooooooOoooooDoooooDoOooDboboOoon
oobooooood

Py_INCREF () UODOOOO0ODOOODOOOODOODLOODDOODOODOODbOODDbDOODbOODOO
0000 —Py INCREF () OO0OOOOOOOODOODOODOOOCOODOOOODOODODOOOD (D
00DoO0d0ooo0o00ooodooo00oodooDoooooOooooogooooooo)o

1102 0000000000

goooooobooboooboobooobooboobboobuoobbooboobbooboobo
gooboboboooooooboobooboo

2 000 ”00007”00000000000000000000:00000000000000000000000000000
ooooo

= 0000000 1000000000000 00000000 —0000000000000000000000000000
oooooooooooooooooooooooo!
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goooooooooooobooooooobodoooooogooooboodgoofpPyInt FromLong ()
0 py-Buildvalue () DO0OO0OOOO0OO0OO0OOO0OO0DOCOOOCOCOOOOOOOOOOOOOOODOOOOO
gobooooooooogoboboobooobooooooobooboooobobobOooobDobooooDbOon
000000 pyIntFromLong () DOOO0O0O00OO0O0OO0OOO0OCODOCOOOOOOOOOOO
gobooooood

PyObject_GetAttrString () DO00OOO0OO0OOO0OOOOOODOOO0OOOOCODOOODOOOOOOCOOO
gooboo0ooo0ooooo0oooOoU0oodU0DoO00ooooU0ooogooooooDoDOoooDooon
O000dddooooooooooobobobooboboog: PyTuple GetItem() O PyList_GetItem()
O PyDict_GetItem() OOUOO PyDict GetItemString() OOOOOO0OOOOOOOODOCOOOO
oopooooooog

PyImport_AddModule () DUOOUOOUOOOOOO0OOOO0OOO0OOO0OO0OOOOOOOOOOOOOO0OOd
goboobo:00b0o0obooboboobuooboboboboobOobbd sys.modulesODO0OO0OO
gooog

goooboooooboobodoooobooooboooboooobooboobobobooooobOoon0g —
oo0ooob0oobOO0oobOO0o0obOO0o0000 py INCREF() DOOODOOOOOCOOOOOOOOODOOO
gi0booo0oouoooobboDoDbDO: pyTupleSetItem() O PyList_SetItem() ODUOOOOOO
o000000000000000000O0000D0O00D0 (takeovery 0 —OO0O0OO0O0OO0OO!
(PyDict_SetItem() OO0O0O0O0O0O0O0O0O0O0O0O0O0O000 —O00O0O0O0O0O0OO0OO0”00000)

PythonO0O COODOOOCOOOOO0O0OOCOOOOOOOOODOOOCOOOOOOOOOCOCOOOO
goboooooooooooooboooobooboooboooobooooooooooOooooDoOboOooDboboOooon
gbooboobOoboocobooo0oboboOobOo0oo0obOOoOoO0b0OO00bO0O000 py-INCREF () ODODO
gobooobooooboooooon

PythonO0OOOOOOO COOOOOOOCOO0OOOOOOOOOOOOOD —OOOOCOOODOOOOO
oobooooooo

1.10.3 OO

gobooooboooooooooobooooobooboOoobooooboooooooooooooOooDoOoOooboboooon
gobodooboooobooooooooobooooboooooooooooooooooooooboOooon
ooboooooon

goboooboooooooooooOoooOooOooboOoobooooooOooooOoooOooOOoOooDboOonoon
obobooobooooboo0oooDnb py DECREF () UODOOOODOOO:

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

PyList_SetItem(list, 1, PyInt_FromLong(0L));
PyObject_Print (item, stdout, 0); /% BUG! =/
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ooboooonolist(0] 00000000000 list(1] 00 O00000O00DO0O0O0O0O0O0O00O000
00ooooooooooooooooooooooo?ooooooO0OO0000!

PyList_SetItem() UO0O0OOO0OOO0O0O0OO0O0O0O0OOO0O0OO0O0OOCOOOOOOOOOOOOOOOOO
oooooo 1o0ooooo0oooooco 1oooo0o00ooooooboO0o0oooO0 1o0ooob00ooaon
goooooooobooo0oooonDg _del_()OOOOOOOOOOODOOOOOOOOOOOOO
oo0ooooooooooooo 1000000000000 00000DO0C0OB0O00000 _del__() O
gobooooooooo

0000 PythonOOODOODOOD _del__() OOOQC PythonOOOODOOODOOOODOO _del__()
Obug() 0000 item0000000O000O0DOO0OOCO0OO0?0000!'bug() O000O0O0OO
_del__()00O0ODODODOOOOODOODO del list(O0]l00000ODODOOOODOODODOO
gbobdoboonb 1ist{0l0000000DbO0OOO0OO0OO0OO0bOO0 1ist[O0]0D0ODbOODObOOOn
gboobobob0obooD itemdb0obOoooooOoOODOD

ggbooooboobooobooboobbooboobbooboobbooboobbooboboobo
goobobobooog:

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

Py_INCREF (item) ;

PyList_SetItem(list, 1, PyInt_FromLong(0OL));
PyObject_Print (item, stdout, 0);

Py_DECREF (item) ;

0000000000000000000000 PythonOOOOOOCOOCOOOOODOOO0O _del__()0O
0o0oooooooooooooogoogoooo cooooooooogoooooooogog..

0oO00o0oDO00O0C00O0DO00o0oO0O0oDOODOU0O0O0DO0O0O PythonODOOOODOOOODOOO
goboooooooooboooobobooobbooobboooobbooobbooobbbobboogo
gooooboobObDbbO0o00Obb0000 Py-BEGINALLOW.THREADS ODODODODOOOOOOOOOO
Py END ALLOW.THREADS 00000000000 OO0ODOODOOOOOODOOOOOO VOODOOOOO
gooooooo rroooooooOooOooOooOobDOobOOobDOoOooOOobCUOoOoOoDOobDOobDOobOoOoDOon
goboboooboobbooboobobooboob:

void
bug (PyObject =xlist)
{
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! =/
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1.104 NULLOOODO

gooooooooboooboobooboboooooobooo NULLOODODObOOoOoooboooon
00o0000000000000o00(@oooo0o00o00o0o0oo0oooOo)0ooooooooooooooon
goboooobooooooooobooooobooooooooo NULLOOOO0ODOO0DbOOO0O NULL
goooooooobooobooooooodooooooooooobooooboooboooobooooog —oo
gobooazNvLLODOO0OO0O0O0OO0oobOo0ooboooooooooocooboooobooOooooboOooon

o000 NULLOOODOO0O0O000000 0000000000 NULLOODO0O0O0O0O0O0O0O000
gbobooobooooboooddmalloc() DOOOOODOOOODOOOOOOOOODOOOODO

000 pPy_INCREF () O0ODO Py DECREF () O NULLOOOOODOOODOODOOD —0OOODOODO
gobbo0obodb0 pyXINCREF () DUO0O Py XDECREF () UODOOO0ODOOOOO

00000000000 O000DOO00000 (PytypeCheck())O NULLOODOOOOOOOOOOOO
0 —0obooooboooobooooooooooobooobooooboboobobooboooboooooooobooooobooon
gooooooooooooboboooANULLOOOOO0OO0O00oooooooOOObOOOOoOooooooooon
oobooobooooonNULLOO0O0O0OOO0DbOOooooObcooonn

PythonOO COOO0OOO0OO0OO0DOCOOOOOOODOOO0O0O@MOOOOODODO args)d 000 NULL
00000000000000 —00000000000000D00O0D0o0o0oooo

NULLODOOO PythonOODOOOOO ”00070000000000000000CO0O0OOO

111 C++ 00000000000

C+0000000000000000000000000000000000000000 (PythonO OO
goo)ocoooopoooooOooooOoooOoOobOoOoOoDOoOoOoDOoOoOooOoOoOoooOoOoOobDoOooo
gooooooooooOooooooooOooooo C++00000ooooooooooooooooooon
00000d PythonOOODODODOODOOOCOCOOOOO(OOOOODODODODODO)OO extern "C"O
0000000000000 00000O0PythonODOOODOOOO extern "c" {...}0000000DO
0000—0000 _cplusplus (000 C++ 0000000000000 O0O0O0O0O0O0O0O0O0)ODDOO
0000000 extern "c" {...}00000000D0O00O0OOO0ODOOCOOODOOODOOOOODOO

112 oooooooo CAPIOOOOO

000000oooooooo Python 0000000000000 0DO0O0OO0ODOOODOOOOOOODOOO
gooboobobobooooooooooboboboboooboooboobDobobobobobobobooo
000000oooo0»00oonn (eollection)” 0000000000 DOOOCOOOOOO0OOOODOO
000000ooooooo CAPIOOOOODO PythonOOOOOOOO0OO0OOOOOOOOODODOO
gooboooooooooooOoooOoOooOoO0UobDoOoobO coopgoopooUoooOoUoDboooo

“ 000”0 0000000000000000000000000000 —0000000000000000000000
goooooo
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obooooOooOooboooobO:00000((@Oo00 staticOO0O0O00000O0)00000000ODOOO
0000ooocAPID00O00000O000000000000000000000O0O000000 Python
gobooooooooooooobooooboooobooooboooooooooobOooooDoOooDbboOoon
gobocooocooodoooboooooooobooooOoOooobOOoOoOO0oOooOoOoOooOoOooooboboOobOboOooboooon
gooooo00ooopooooooo0ooobO00; 0000000 PythonOOODOOOODOOOOODO
ooooo0O000000000000000000000 (800 Windows)JOOOOOOODOOOOO
goooooooooooooooooooooOoOooOoOoDOoO0D0 AIXODOODOooo)ooooooo
oo(@oooo0 Unix)0OOO0O0OO0O0O0OoOoOoOOOOOoO0O0OoOoOoOooDoOOOoOOoOoOoOoOoooooDoo
gobooooboooobooooooOooOoooOOoO0oOobOOo0obOobOOoOooboOoOooOoOOoOoOOOoOoOoDbboOonon
gooo!

goobooooocboooboooooboooobooooOobOoOoobOOoobOOoOooOobOOoobOOoOoOobOOoboOooOooOoobon
gooobobobobobbo staticOOO0OOO0OOODOOODODODOOOODOOOODODODDOODOD
o@oooooooooooboobooooooo oobooooo)boooooooooooobooooooo
goocooooooooboooooooobooooooooooooobo oobooboobO bobooboooboobooo
goboooooooooon

Python OO OOOOOOOO COOOOOO (@IOOO)ODOoOoOOOOOOOOOOOOOODOO:
Capsule (U0 O00)0DD0O0OO0O0DOODO Capsule 00000 (void ») 00000 PythonOOOODODOODO
Capsule 0 CAPIOOOOOOOO0O0O0OODOOOCOOOO0O0OOOCOOD PythonOOODOOODODOOOO
o00o0oU0pDoU0OoOoOo0dO0O0OCapsule 000000000 0ODOOOOOOOOOOOOODOOOOO
0000000000000 000 mpert 000000000 0D00O0O0O CapsuleJ00O0O0ODOOOOO
ooo

00000000 CAPIODOOOOO0O0OODODOOO000 Capsule00000O0O000O0O0 1000000
0000o0ooo0ooono CAPIOODOOOO0OO0 Capsule 0O OO0OO0O0ODOOOOOOODOOOOOOO
gobooooboooobooooooOooOooOOo0oOobOOo0oobooooooOooooOoooOooOOoOooboOooon
gobooooooooood

O00D0D0CO00O0DCOOOCapsule name0 000000000 OOO0ODOQO pPyCapsuleNew() O name
00 (const char »)00000O0 NULLO name 000 0000000000000 name00OOOOO
0000000000000 0000gogg Capsule 000000000 DODOODODOODODOODOOODOO
000000 Capsule0 00 Capsule 00 O0ODOOOODOOCOODOCOOODOO

000 CAPIDOOOOO0O Capsule 0000000000000 OOODOOOOO:

modulename.attributename

PyCapsule_.Import () OO0OOOO00O0O0O Capsule 0000000 OOOOO0OOOODOOOOOOOO
OCapsule00O0O0ODODOOODO CAPIDOOOOOOOOOOOOODOODOODO CAPIODOOOO
00000000 CAPIDODOOOODO Capsule 0000000000 OOOOOOOOOOOO

gobooooboooobooooooOooooOOoOoOobOOoOoOobOOoOoOoboOoOooOoOOoOoOOOoOoOoDbboOonon
00o0000oooooooooooooooooo0o00o0o0O0O00O0 CAPIDODOO (ooooooo
ooOohOO0Capsule 00000 voidOOOODOOOODODOOOOOODOOO0DOOOOOOOODODOOO
0000000000 mportd CAPIODOOO0ODOOOOO0ODOODOOOODODOOOODO;00000RO
oooOoooocAPIDOOOODOOOOOOOOODODOOOODODOO
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ooooooDDOO0O0O0000o0 U000 00 sp,am000000O0OCODDODOOOODOO spam.
system() 0 COODOOO0OO system() OO0OO0OOD0OOQO PySpam System() JOOO0OODOOO
00D0o00o0oooooo@bo0ooooOo 7spam” 0000000000 0)000D0O0O0ODOOOOO
0000000 pySpam_System () OO00OOOO0D0OOOO0ODOOOODOOOOOOOO

00 pySpam.System() 000000000000 staticOOOOOOQOOO COOODO:

static int
PySpam_System(const char *command)
{

return system(command) ;

spam_system () OO0 O0O0000O000O0COOO0OCOOO:

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

const char rcommand;

int sts;

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

return Py_BuildvValue("i", sts);

ggobooboooboboooo

#include "Python.h"

ggoboooboobbooboobboob:

#define SPAM _MODULE

#include "spammodule.h"

#define 000000 spammodule . hOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO
goboooooooooooooboooooboooobooobooooooooooboooooDOoDOooDbboOooon
o0ooooog CApPIOOOOOOOOOOOOOOOOOOOO0O0O0O0O0O0O00:

PyMODINIT_FUNC

initspam(void)

{
PyObject =m;
static void xPySpam_API[PySpam_ API_pointers];
PyObject =c_api_object;

m = Py_InitModule ("spam", SpamMethods);
if (m == NULL)

return;

ooooooo)
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(O0ooooooooao)

/+ 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 x/
c_api_object = PyCapsule_New((void x)PySpam_API, "spam._C_API", NULL);

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

PySpam API [0 staticO00OUO0O0O0ODOOO0OOODOOOODODO;0O0D00000DO initspam() OO
Jgooodooo0o0o0ooooooooooooooo!

oobooobooooo0oooooDnD spammodule. hOO0O0O0O0O0O0O0O0O0O0O0COODOO:

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

#endif

/+* Header file for spammodule x/

/* C API functions */

#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 x/

static PySpam_System_RETURN PySpam_System PySpam_System_ PROTO;

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

static void *+PySpam API;

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

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

static int

import_spam(void)

(ooooooo)
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(Cooooooooo)

PySpam_API = (void *x)PyCapsule_Import ("spam._C_API", 0);
return (PySpam_ API != NULL) ? 0 : -1;

}

#endif

#ifdef __cplusplus
}
#endif

#endif /% !defined(Py_SPAMMODULE_H) x/

PySpam_System() 0000000000 O0COOOOOOCOOOODOOOOCOOOOOOCOOO
0000000000 import_spam() 00 (OO0OODOO)0O0O0O0O0O0O:

PyMODINIT_FUNC
initclient (void)
{

PyObject =*m;

m = Py_InitModule("client", ClientMethods);
if (m == NULL)

return;
if (import_spam() < 0)

return;

/#* additional initialization can happen here */

gobooooooooboobd spammodule. hODOOOODOOOOOOODOOODOODOOODOODOOO
ggbboooboobboobooboboobbooboobboobooboboo

O0C0OCapsule 00O OO0OD0OOOOOOODOOOOOODOODODOOOODOODOOODOODOOOODO
00000000 DO00O0C0000D0O0C00O0O0ODO0O0O0ODOOOoDO0OOO Python/CAPIODOOO
0000000 capsules, 000 Capsule 00000 (Python DD ODOOOOOOODOOO Include/
pycapsule.h 000 Objects/pycapsule.cO0000O0O00O0O0O
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020

Jobooooogod

0000000000 0PythonO00O0OCOOCOODOOOO0O0O0O00O0 PythonOOOOOOOOOODOO
0000000000 0o0ooooooooo0Od PpythonOO0OOOOUOOODODDOODOOOOOOOODOO
gogod

gobbodooobooooboooooooOoooOoo0oobooobooooooooooOoOoOobOoOOoOooboOooon
gobooobooooboooooobooooooooboooboooooboobooooon

O0: Python2200000000000000000000OOCO(@MODOO)00O0D0DOOCOOO Python
2200000000000 0000C0C0000OC0CO000O0OOO0O00OODOO0O0OO0OOCOOOOOn Python O
goboboooboobbooboobbooobooboobooobboo

21 000000

PythonOODODOOOOOODOCOO PythonOOOOOODO PyObject« 000000000000 PyObject
goooooboobbooboobooboboobooobDbooboobbooboobbooboobo
0000oO (typeobject)l 00 DD ODOOCOOOO0OO00O0OODOOODODODOOOOOOOODOOOODOO
gogooboobooobobooobobboooobbooobbbooobboooobbbooDbbooOo
goooooooooobooOoodboooodobooooobDoOooDOo(CcOo)yooooooogooooogoo
0000o0ooooo CcoooooOooooon (typemethod)DOOOOO [].append0000O0O (OO
000000000000dd (objectmethod)D) 0000000000

gogoboooboobooboooboobooboobboobooboobooboobobobboobbon

gboobooboooocooboooooobOOobOobOOoOoOoOobOO0obOOobOOoOoOoOoOO0obOOobOoboOoOoOobOOoDOn
ooboooooooon:

#include <Python.h>

typedef struct ({
PyObject_HEAD
/* Type-specific fields go here. #*/

(Jooooooo)
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(O0ooooooooao)

} noddy_NoddyObiject;

static PyTypeObject noddy_NoddyType = {
PyVarObject_ HEAD_INIT (NULL, O0)
"noddy.Noddy", /% tp_name %/
sizeof (noddy_NoddyObject), /#* tp_basicsize x/
/% tp_itemsize x/
/% tp_dealloc */
/* tp_print =/
/+* tp_getattr =*/
/+* tp_setattr =*/

~

~

~

~

~

~

/+* tp_compare */
/% tp_repr */

~

/* tp_as_number x/

/* tp_as_sequence */

~

/* tp_as_mapping #*/
/% tp_hash */

/* tp_call */

/* tp_str */

/* tp_getattro #*/

~

~

~

~

~

/* tp_setattro x*/
/* tp_as_buffer */
Py_TPFLAGS_DEFAULT, /* tp_flags */
"Noddy objects", /* tp_doc */

~

O O O O O O O O O O O o o o o o
~

~

}i

static PyMethodDef noddy_methods[] = {
{NULL} /#* Sentinel x/
}i

#ifndef PyMODINIT_ FUNC /+ declarations for DLL import/export =/
#define PyMODINIT_ FUNC void
#endif
PyMODINIT_FUNC
initnoddy (void)
{
PyObject* m;

noddy_NoddyType.tp_new = PyType_GenericNew;
if (PyType_Ready (&noddy_NoddyType) < 0)
return;

m = Py_TInitModule3 ("noddy", noddy_methods,

"Example module that creates an extension type.");

Py_INCREF (&noddy_NoddyType) ;
PyModule_AddObject (m, "Noddy", (PyObject =x)&noddy_NoddyType) ;

gobodooboooobooooooooobooooboooooooooooooooooooooboOooon
ooooon

28 020 000000oO0oo




Extending and Embedding Python, 0 00O 2.7.16

goboooooooooooobod:

typedef struct {
PyObject_HEAD
} noddy_NoddyObiject;

000 Noddy OODOOOOOCOO0OO0O0 —O0OO0O0OCOODOOO PythonOOOOOOOOOOOO
googobooboooboobooogoooobobobobooboobooooboobobobobooboo
U PyObject HEADUUOUOOODOOOOOOOOODODOOOOOOOOOOOOOOOOOOOOOO
gooboogoooooooooooooooobobooobooooboobboooboboooobboOoDoO
PyObject HEADOOUOOOODOOOOOOOODODOOOOOOODOOOOOOOOOOODOOOOODOO
goooooboobobooobooboobobooboobDbooboobbooboobbooboobo
000o0U00oo0oU00ooU0U0oo00DoDooU000o0OU000oDOOUODDODOUOoOOOg! (Windows DO OQO
MSViswalCOOOOOOOOOOOOOOOOOODOOODOODOOOOOOO0O)

Oo00ooo0o0ooooO PythonOOOOOOOODOOOODODO:

typedef struct {
PyObject_HEAD
long ob_ival;
} PyIntObject;

gobooooooobooooobooooooooooooonon

static PyTypeObject noddy_NoddyType = {
PyVarObject_ HEAD_INIT (NULL, O0)
"noddy .Noddy", /* tp_name x*/
sizeof (noddy_NoddyObiject), /* tp _basicsize #*/
/* tp_itemsize */
/* tp_dealloc */
/% tp_print x/
/% tp_getattr */
/% tp_setattr */
/* tp_compare x/

~

~

~

~

~

~

/* tp_repr x/

/+* tp_as_number */

~

~N
*

tp_as_sequence */

S
*

tp_as_mapping */
tp_hash =/
tp_call =/

DN
* % %

tp_str =/

S
*

tp_getattro */

S
*

tp_setattro */
tp_as_buffer =/
Py_TPFLAGS_DEFAULT, /+ tp_flags */
"Noddy objects", /* tp_doc */

O O O O O O O O O O O o o o o o
~

S
*

}i

object . hO0UODOOD PyTypeObject DODOUODOODODODOOOOOOOOODLODODODODOODN
goooodoOoodOooOoodooo coboboUooUoOooUoDUoOooUoOUOooUooUUoogoooogo
gogbooooboobuoobobooboobobooo
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goboooboooooooooboooooooooooooog:

PyVarObject_HEAD_INIT (NULL, O)

ggbooboooboobooboobooboboobooboooboobog:

PyVarObject_HEAD_INIT (&PyType_Type, O)

00DO0000oOoo00ooodU0DOwpeOOODOOODOOODOOODDODOODO COoOOODOOOO
goobobobboooooobobbbooooobbboooobbbbO pyTypeReady () ODODODODOO
goog

"noddy .Noddy", /* tp_name */

gobodooobooooboooooooOoooOoo0ooboooboooooooobooOoOoOoOoOOoOoOoboOooon
ooboooooogn:

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

TypeError: cannot add type "noddy.Noddy" to string

gb0:0000000O000oOo0oboocoboooobOoobocOobOboOobOobo0obOOooooOoooOoOoOooboOon
gboboboobooibodl noddy OO0 NoddyUDOUOOOOOOOODOOOOO noddy.Noddy
0000000000000 0000000000000000000 pydocOD0OO0OO0O0DOOOODODOOO
gobooooboooboooboooooon

sizeof (noddy_NoddyObject), /* tp _basicsize x/

000000 PythonO PyObjectNew() 0000000000000 0O0O0O0O0O0O0O0OOOOODOOO
goboooooooo

00: 00000000 Python0OOOOO0OO0O0OO0O0O0OOOOOOOOOOCOOCOOODODODODOO
tpbasicsize 000000000000 DOOOUOO0ODOOO0OODOOOOOODOOO PythonOO
gboobogbogbogibodgn _pbases__ 0000000000000 O0C0O0C0O0OCOCOOOOOOOOOOO0
gobooooooooooooooooooon _new_() DO0O00O0O0O0O0O0O0O0OO0O0O0O0O0OCOOO
oobooobooooobOoOo0o0ob00O0o00D0D tpbasicsizeOOOOOOOOOOOOODOCOOOO
gobooboboobuoboboobob0o0bO objectbbOOO0DLOOO0DDOODLDOODODOODODO
goooboboboboooooboooooboboboboboboooooobooboboboboo

0, /* tp_itemsize x/

goboooboooobooooobo0oobobooobooooooOOooOooOooOoobboOoobooOono

0000000000000 o0o0OD00o0oo000o00O00o0oDO0O0D0ODD0O000 (flags) OO
Py TPFLAGS DEFAULTUOOOOODO
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Py_TPFLAGS_DEFAULT, /% tp_flags */

000o000oo00oooDoo0oo0oo0o0o0oDo0oDo00ooO00oo0o0ooO00n PythonO OO OO
gooboboboboooooooon

0000 docestring 0 tp.docODODODODODO

"Noddy objects", /* tp_doc */

gogoooooboobooobooboobobooboobbooboobbooboobbooboobo
goboooooboobooooboobooobobooboooboboboobooobooboobboOon
gogod

o00ooO0bDOoO000OO0O0ODO NoddyOODOOODOODOOODOOODOODOOOODOOODOOO
000000000 tpnewdOO0DOOOOODOOOOODOOOODOOOAPIDOOODOOOOOOOOOO
00000 pyType-GenericNew () DO0O0O0OOOODOODODODODOOODO tpnewDODDOODOOOOOO
gopboooooOoOobooooOoooOo0ooOoO0U0obDOo00bODOooUbOOooOUOoDOoOOo0oDODOooDLoOOoo
00o000o0DO0oo0oooDoDoo0 CO0D00oU0ooDo0oU0o0Do00oO0D0oO00DOg tponew
00DO000O0O0000O0O00DO0O0DbOOO pyType-Ready () OODOOODO:

noddy_NoddyType.tp_new = PyType_GenericNew;
if (PyType_Ready (&noddy_NoddyType) < 0)

return;

ooooooooooooooooANULLOOOO0O0O00oooooooooo!

gobboooboobboboboobboobbooboobb initnoddy () DOODOODO:

if (PyType_Ready (&noddy_NoddyType) < 0)

return;

o000ooo0oo0oOoNULLOOO00OO0O0 obtypeUOOOOO0ODOOOO0OO0OOO0DOO NoddyOOGOGQOGOO
ooo

PyModule_AddObject (m, "Noddy", (PyObject «)é&noddy_NoddyType) ;

goobobboooobbooobbbooobbboobbibd NeddyODODDOOODO NoddyOQQQOoono
goooooboooog:

>>> import noddy
>>> mynoddy = noddy.Noddy ()

0o0oooo!ooooo0c0000000ooooooooo0o0b0b0b00000d noddy.cO0O0O0ODOO
goob0obobOobon setup.py000ooooobooooonO

from distutils.core import setup, Extension
setup (name="noddy", version="1.0",

ext_modules=[Extension ("noddy", ["noddy.c"])])
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goboooboooooooooboooo

$ python setup.py build

0000000000000 0000d noddy.so0O00OO0O0O00OOO0OO0ODOOOO0ODOOODOO Python
000000000 import noddy 00O Noddy OOODOODODOODOOODOOOOOOOOODOOO

0opoDoooooooooogoooo?

00000000 NoddyUOOOOOOOOOODOOOOOOOOOOOOOOOODODOOOOOOOOO
goboooboooooooooboooooooboooon

211 00000000000 O0ODOOOODOOOO

gooooobooboboooboobboobobooboobDboobuoobbooboobbooboobo
goob0obob0oo0oooobob0ob0obO noddy200000000D0ODOOOOO:

#include <Python.h>

#include "structmember.h"

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

} Noddy;

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

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

Noddy =xself;

self = (Noddy #)type->tp_alloc (type, 0);
if (self != NULL) {
self->first = PyString FromString("");
if (self->first == NULL) {

Py_DECREF (self);
return NULL;

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

(ooooooo)
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(Cooooooooo)

Py_DECREF (self);
return NULL;

self->number = 0;

return

(PyObject «)self;

static int
Noddy_init (Noddy =*self,
{

PyObject =xargs,

PyObject xkwds)

PyObject #first=NULL, xlast=NULL, x*tmp;
static char *kwlist[] = {"first", "last", "number", NULL};
if (! PyArg_ParseTupleAndKeywords (args, kwds, "[0Oi", 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 Noddy_members[] = {
{"first", T_OBJECT_EX,
"first name"},
{"last", T_OBJECT_EX,
"last name"},
{"number", T_INT, offsetof (Noddy,

"noddy number"},

{NULL} /* Sentinel x/

}i

static PyObject =

offsetof (Noddy,

offsetof (Noddy,

first), O,

last), O,

number), O,

(ooooooo)
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(O0ooooooooao)

Noddy_name (Noddy~* self)

{
static PyObject xformat = NULL;
PyObject =args, =*result;

if (format == NULL) {
format = PyString FromString("%s %s'");
if (format == NULL)
return NULL;

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

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

args = Py_BuildvValue ("OO", self->first, self->last);
if (args == NULL)
return NULL;

result = PyString_ Format (format, args);
Py_DECREF (args) ;

return result;

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

}i

static PyTypeObject NoddyType = {
PyVarObject_HEAD_INIT (NULL, O0)
"noddy.Noddy", /% tp_name */
sizeof (Noddy), /* tp_basicsize */
0, /* tp_itemsize */
(destructor)Noddy_dealloc, /* tp_dealloc x/
0, /% tp_print =/

’ /* tp_getattr */

’ /* tp_setattr x/

’ /* tp_compare */

’ /* tp_repr x*/

’ /* tp_as_number */

, /* tp_as_sequence x/

(ooooooo)
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(O0ooooooooao)

~

’

’

o O O O O o o
~

4

Py_TPFLAGS_DEFAULT |

/
/ *
/o
/ *
/%
/%
/%

Py_TPFLAGS_BASETYPE, J*

"Noddy objects",

’
’
’
14
14

0
0
0
0
0
0

14

Noddy_methods,

/ *
/ *
/ *
/ *
/ *
/ *
/ *
J/ *

tp_as_mapping */
tp_hash */
tp_call */
tp_str #*/
tp_getattro */
tp_setattro */
tp_as_buffer =%/

tp_flags */
tp_doc */
tp_traverse #*/
tp_clear =*/
tp_richcompare */
tp_weaklistoffset
tp_iter */
tp_iternext x/
tp_methods */

Noddy_members, /% tp_members */
0, /% tp_getset x/
0, /* tp_base */
0, /* tp_dict =/
0, /* tp_descr_get */
0, /* tp_descr_set */
0, /* tp_dictoffset +/
(initproc)Noddy_init, /* tp_init =/
0, /* tp_alloc */
Noddy_new, /* tp_new */

i

static PyMethodDef module_methods[] = {
{NULL} /=% Sentinel =/

}i

#ifndef PyMODINIT FUNC

/+ declarations for DLL import/export

#define PyMODINIT FUNC void

#endif
PyMODINIT_FUNC
initnoddy2 (void)
{

PyObject* m;

if (PyType_Ready (&NoddyType)

return;

m = Py_InitModule3 ("noddy2",

"Example module that creates an extension type.");

if (m == NULL)

return;

Py_INCREF (&NoddyType) ;

< 0)

module_methods,

*/

*/

(ooooooo)
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(Cooooooooo)

PyModule_AddObject (m, "Noddy", (PyObject «)&NoddyType);

gogboboooboobooobobooboobboobo

000 include OO0 OODO:

#include <structmember.h>

O0000o00000o000 incude 000000000000 0O00000OODO

NoddyUOOODOOOOODOOODO NoddyOUOOODOOODOOODOODOODOODLOO NoddyType
gooogo

0000 Noddy OO 3000000000000000000 firstd last 0000 aumber 000 first O
last 00 0000000000000000O0O00O00O00O PythonODOOODO number 000000 0ODODOO

ggoboooboobobooboobboobooboboooog:

typedef struct {
PyObject_HEAD
PyObject xfirst;
PyObject =xlast;
int number;

} Noddy;

gobooooboooobooooooboooooOooOoobOOoOoOoobooOooboOoOoooOOoOoOoOOoOoobboOooon
gopboooboooooboooooooooooooDo:

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

00000 tpdeallocOOOO0O0O0O0O0O0OO

(destructor)Noddy_dealloc, /#*tp _deallocx/

000000000000 0000000 PythonOOOODOOODO0O0ODODODOODOOOO first0OOOO
last U000 NULLOOODOOOO0OCOOO0DODO pyXDECREF () DOOOOOOOOOOOOODOOOO
oobOo0ooboo0iDnD tpfree0 0000000000000 O0O0DO0O0O0O0O0O0O00O00O0 NoddyType
goboooobooooboooooobooOoooOooOoobboOoOobooOooboOoOoooOoOoOoOOoOoobboOooon
ooboooooon

ggboobooobooboboobobooboobbooboobbooboobbooboobbobboobo
gooo:
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static PyObject =
Noddy_new (PyTypeObject xtype, PyObject +args, PyObject xkwds)
{

Noddy =self;

self = (Noddy +)type—>tp_alloc(type, 0);
if (self != NULL) {
self->first = PyString FromString("");
if (self->first == NULL)
{
Py_DECREF (self);
return NULL;

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

self->number = 0;

return (PyObject =x)self;

oobo0dd tpnewdOOOOOOOOO0OO0O0OOO:

Noddy_new, /% tp_new #*/

0000000000000 0o0o0oO00(@oO0D0D0000D0)00000000000D0O0OOPython
00000000 _new__() 000000000 OOOO0O _new—() 000D OOOODOOOOOOO
”Unifying types and classes in Python” 000 0000000000000 newOOOOOOOOOOCODOO
0o0oo0o0oooo0oO0o0O0O0O0O0O0O000O0O0O0OO0O0OO0O0OO0OOODOO0O0O0OD newOOODOODO firstO
000 last 000000 NULLOOOODOOOOOOOOOODOODOOOOOOOOONULLOODOO
0000000000000 oo0bOnewd 000000 PyType-GenericNew () DOODO0ODODOOOO
0000 pyType-GenericNew () 000000000000 OOOOOO NULLOOOOO

O0newOODOODOOOOOOOOOOOOOOOOOODODOOOOOOOODOOOOOOOOO
00000000000000000000000000Onew000000000000000O00O
(positional argument) ] 000 0000000000000 000O000O0000000000000000
0000000000000 0000Onew000O0000O000000000 tpallocO00O0O00O0O
0000 tp.alloc00000O000O000O000O000O000O0 PyType-Ready () 000000 (O
000000 object) 0000000000000 O0O0OO0OOOOOOOONOOOOOOOOOOOO
ooo

O00: 000000 tpnew(@OOOOO0 tpnewd OO _new__() D0000000O0)0000000O
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gooooooooooboooobooooooooooobooooooodoooooooooooaoon
oobOooooDoO00DbO0o000O00000 tpnewOOOOOOOO0OOOO type->tp-base->tp_new
0000000000000 0o0o00O000UUoDUooDUOO PythonODOOODOOO PythonOODOODO
oooooooooooooooooooOoOoooOoOoooooo(@ooooooooOoooboOooooooon
0000 TypeError 00000000000 0O0O00O00O0O00O)

gobobooobooboobboobd:

static int
Noddy_init (Noddy =*self, PyObject xargs, PyObject xkwds)
{

PyObject +first=NULL, xlast=NULL, *tmp;

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

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;

oD teinitgonoooooOooOoOO

(initproc)Noddy_init, /* tp_init #*/

Python OO0 tp-init 0000 __init__() OOOOOOOOO0ODOOOOOOOODOOOOOODOOOO
goboobooboooobooboboobobobobbeewhoobooOOoOOOOODOODOO
gogooboobobobooooooooooboboboboooboooooboobOoboboboboboooo
gogboboooboobboobooboboobooboooboobooooboon

gobooooobooooboodoooboOoboooboooOoOooO0oO0oO0booOoD _4init_() DOOOODO
goboooobooooobooooobooooobooOooboooobooooooooooOoooOooDOoOooboboOooon
oobooobono first0doooOoobooooooooooooooooon:
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if (first) {
Py_XDECREF (self->first);
Py_INCREF (first);

self->first = first;

goboooboboooooobboooDbbOoDD firstOO00OOO0OO0ODOODOOOODOODOOOODOOO
gobooboooobooobobooooOooOoboboO0oooOooOobOo0obOoOD firstO0O0OO0OO0OOO0OOOOO
goboooobooooobooooobooooobooOooboooobooooooooooOoooOooDOoOooboboOooon
gobooobooooooooooboooobooooo,oooooooooooboooooooooooon
0o0ooooooooooooooooooo?

- 00000000 100000000000000

- 0000000000000 0D0D0000000000O0O0O0D00O00D0000O0ooOooonon!
g

- 0000000000000 00000000000 tpdeallocOO0O00000ODDOOOOOO
oo*2o

gogoobooboooobboooobboooobobbooobbbooobbooobLbbooobLbooOo o
goobobobooooooboobobobooog:

static PyMemberDef Noddy_members([] = {
{"first", T_OBJECT_EX, offsetof (Noddy, first), O,
"first name"},
{"last", T_OBJECT_EX, offsetof (Noddy, last), O,
"last name"},
{"number", T_INT, offsetof (Noddy, number), O,
"noddy number"},
{NULL} /» Sentinel x/

i

gobbooobidd tpmembers OO O0O0ODOOODOO:

Noddy_members, /* tp_members */

ooooooooco0oO00oooDooO0ob0O0000ooo0oooOb0cob0000000000 doestring00000O0O
gooroopoooooooo»@Ooooooooooo)yoooooooooo

o0ooooooOPythonO00O0O0C0O0OO0OO0OOCOOOOOOOODOOOOOOOOOODODOOOCOOO
00000000 fist000000 last 0000000000 O0OOOOOOOOOOOOOOOODODOOO
00 PythonOOOOOOOOOOOOOOOOOOOOOOOODOOOO (dehOOODODOOOOOOOOC
goooooonNULLODOO0OO0ODOOO0O0OO0b0OO00DbO0O0O ANLLODODODOOO0DOOoo0ooOoooboooobon
000000o0000o0o0o0o0oooooo NLLODODOODOOODbOoO

“ 000000000000 00000000000000000000000000000

2 0000000000000 00000000000000000000000000 tpdeallocO0000O000O000OO
0d0o0ooooooooooooooooo0ooooooooooooooooonooooooooooooooooooon
goooooooooOoOoOOO0OO0OO0O0O0O0O0000O000OOOOOOOOOODOO
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U000 name () 0000000000000 0000O0O0ODODO0O0O00000 fist0000000 last
gobooobooooboooooooooooooboooon

static PyObject =

Noddy_name (Noddy»* self)

{
static PyObject xformat = NULL;
PyObject xargs, =*result;

if (format == NULL) {
format = PyString FromString("%s %s'");
if (format == NULL)
return NULL;

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

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

args = Py_Buildvalue ("0O0", self->first, self->last);
if (args == NULL)
return NULL;

result = PyString_Format (format, args);
Py_DECREF (args) ;

return result;

0000000 CO000000000 Noddy(DOOO NoddyOOODOODO)O0OOOO0O0O0OOODOO
goboooooboboooobodoooooobooboooboooooooooooooobooobobooooon
gobooooboooobooooooboooooOooOoOobOboOoO0oobooOooobooboOoooOOoOoOoOOoOoOobboOoon
0000000o0o0oooooooooooooooog python 00O O0OOOOOODODODO:

def name (self) :

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

first OOODO last 00000000 ANULLODOOOOOOOOOOODOOODOOODOOODOOO
gooooooooooobooboobobobobo NLLOODODDO0ODODO0ODbOO0ObO0ODbDOoDbDOobDoODoboOoO
gobobooobooboboooboobooobooboobbooboobobooboobbooo

ggbboobooboboboboobobobbooboobboobooboboobon:

static PyMethodDef Noddy_methods[] = {
{"name", (PyCFunction)Noddy_name, METH_NOARGS,

(ooooooo)
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(Cooooooooo)

"Return the name, combining the first and last name"
br
{NULL} /» Sentinel x/

}i

U000 tpmethods OOOOOO0OOO0OOO:

Noddy_methods, /* tp_methods #*/

o000 METHNOARGSUOOOOUOOOOOODOOOOOOODOOOOOOOOOOOOODOOOO

gobodooboooobooooooooobooooboooooooooooooooooooooboOooon
oobooooooobooooooboooooOooOooboOooooOoobooooooOooOoOooOOoOooboboOooon
00000000 py-TPFLAGS BASETYPEO DO OODOOOODOOOODODOOOO:

Py_TPFLAGS_DEFAULT | Py_TPFLAGS_BASETYPE, /+tp_flags#/

initnoddy () U0OU0OUO initnoddy2 () O0O0O0OUO Py_-InitModule3 () UOOOODOOOOOOOO
gooog

gob0 setup.py 00 0oogooooboonobOoOobOoOoDbDOn:

from distutils.core import setup, Extension
setup (name="noddy", version="1.0",
ext_modules=[
Extension ("noddy", ["noddy.c"]),
Extension ("noddy2", ["noddy2.c"]),
1)

212 0000O0ooooooooo

gbooo00 NoddyOOOOOODOD first U lastOU0O0OOO00OO0O0COCOOOODOODOOOOO
gbooboobob0ob0obOobO0obOobO0ob0ob0ob0b0D first 0 lastO0O0O0OO0OO0OO0OOOOOOO
gogboobooobooboboobooboobobooboobbooboobbooboobbooboboobo
gooog

#include <Python.h>

#include "structmember.h"

typedef struct {
PyObject_HEAD
PyObject xfirst;
PyObject =xlast;
int number;

} Noddy;

static void

(Jooooooo)
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(Cooooooooo)

Noddy_dealloc (Noddy* self)
{
Py_XDECREF (self->first);
Py_XDECREF (self->last);
Py_TYPE (self)->tp_free ((PyObject*)self);

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

Noddy =xself;

self = (Noddy *)type->tp_alloc(type, 0);
if (self != NULL) {
self->first = PyString FromString("");
if (self->first == NULL) {

Py_DECREF (self);
return NULL;

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

Py_DECREF (self);

return NULL;

self->number = 0;

return (PyObject «)self;

static int
Noddy_init (Noddy =*self, PyObject xargs, PyObject xkwds)
{

PyObject »first=NULL, xlast=NULL, x*tmp;

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

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

return -1;

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

(ooooooo)
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(Cooooooooo)

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

return 0;

static PyMemberDef Noddy_members[] = {
{"number", T_INT, offsetof (Noddy, number), O,
"noddy number"},
{NULL} /* Sentinel x/

}i

static PyObject =
Noddy_getfirst (Noddy =xself, woid xclosure)
{

Py_INCREF (self->first);

return self->first;

static int
Noddy_setfirst (Noddy =xself, PyObject +value, wvoid =*closure)
{
if (value == NULL) {
PyErr_SetString (PyExc_TypeError, "Cannot delete the first attribute");

return -1;

if (! PyString_Check (value)) {
PyErr_SetString (PyExc_TypeError,
"The first attribute value must be a string");

return -1;

Py_DECREF (self->first);
Py_INCREF (value) ;

self->first = value;

return O;

static PyObject =
Noddy_getlast (Noddy xself, wvoid xclosure)
{

Py_INCREF (self->last);

return self->last;

(ooooooo)
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(Cooooooooo)

static int
Noddy_setlast (Noddy =self, PyObject xvalue, void xclosure)
{
if (value == NULL) {
PyErr_SetString (PyExc_TypeError, "Cannot delete the last attribute");

return -1;

if (! PyString_Check (value)) {
PyErr_SetString (PyExc_TypeError,
"The last attribute value must be a string");

return -1;

Py_DECREF (self->last);
Py_INCREF (value) ;

self->last = value;

return 0O;

static PyGetSetDef Noddy_getseters[] = {
{"first",
(getter)Noddy_getfirst, (setter)Noddy_setfirst,
"first name",
NULL},
{"last",
(getter)Noddy_getlast, (setter)Noddy_setlast,
"last name",
NULL},
{NULL} /»* Sentinel x/

}i

static PyObject =

Noddy_name (Noddy~* self)

{
static PyObject xformat = NULL;
PyObject xargs, =*result;

if (format == NULL) {
format = PyString_ FromString("%$s %$s");
if (format == NULL)

return NULL;

args = Py_BuildValue ("OO", self->first, self->last);
if (args == NULL)
return NULL;

result = PyString_Format (format, args);
Py_DECREF (args) ;

(ooooooo)

44 020 000000oO0oo



Extending and Embedding Python, 0 00O 2.7.16

(O0ooooooooao)

return result;

static PyMethodDef Noddy_method
{"name",
"Return the name,
by
{NULL} /#* Sentinel x/

bi

static PyTypeObject NoddyType =
PyVarObject_HEAD_INIT (NULL,
"noddy.Noddy",
sizeof (Noddy),
0,
(destructor)Noddy_dealloc,
0,

~ ~ ~ ~ ~

~

~ ~ ~ ~ ~

O O O O O O O O o o o o o
~

~

Py_TPFLAGS_DEFAULT |
Py_TPFLAGS_BASETYPE,

"Noddy objects",

4

’

’
’

0
0
0,
0
0
0

’

Noddy_methods,

Noddy_members,

Noddy_getseters,

0,

0,

0,

0,

0,
(initproc)Noddy_init,
0,

Noddy_new,

s[]

(PyCFunction) Noddy_name,

{

0)
/ *
/ *
/ *
J/ *
/ *
/ *
/%
/ *
/ *
/%
/ *
/%
/%
/o
/
/
/ *
/

/%
/%
/%
/%
/%
/ *
/ *
/ *
/ *
/ *
/ *
/ *
J/ *
/%
/ *
/%
/%
/ *
/%

= {
METH_NOARGS,

combining the first and last name"

tp_name */
tp_basicsize #*/
tp_itemsize */
tp_dealloc =/
tp_print #*/
tp_getattr =*/
tp_setattr x/
tp_compare */
tp_repr */
tp_as_number */
tp_as_sequence x*/
tp_as_mapping */
tp_hash =/
tp_call =/
tp_str #*/
tp_getattro */
tp_setattro */
tp_as_buffer =*/

tp_flags =/

tp_doc */
tp_traverse */
tp_clear #*/
tp_richcompare */
tp_weaklistoffset x/
tp_iter */
tp_iternext */
tp_methods x/

tp_members

tp_getset

*/
*/

tp_base */
tp_dict */
tp_descr_get
tp_descr_set
tp_dictoffset
tp_init =/
tp_alloc */
tp_new */

*/
*/
*/

(ooooooo)
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(Cooooooooo)

}i

static PyMethodDef module_methods[] = {
{NULL} /»* Sentinel x/
}i

#ifndef PyMODINIT FUNC /# declarations for DLL import/export #*/
#define PyMODINIT FUNC void
#endif
PyMODINIT_FUNC
initnoddy3 (void)
{
PyObject* m;

if (PyType_Ready (&NoddyType) < 0)

return;

m = Py_InitModule3 ("noddy3", module_methods,

"Example module that creates an extension type.");

if (m == NULL)

return;

Py_INCREF (&NoddyType) ;
PyModule_AddObject (m, "Noddy", (PyObject «)&NoddyType);

first OO0 last 00000000000 O0DO0O0DO0O0DOOCODOODO0O getter000 setter 000
0000000 first 000000000000 (gettery 000000000 OODODODODO (setter) 00 :

Noddy_getfirst (Noddy xself, woid xclosure)
{

Py_INCREF (self->first);

return self->first;

static int
Noddy_setfirst (Noddy =self, PyObject *value, wvoid =*closure)
{
if (value == NULL) {
PyErr_SetString (PyExc_TypeError, "Cannot delete the first attribute");

return -1;

if (! PyString_Check (value)) {
PyErr_SetString (PyExc_TypeError,
"The first attribute value must be a string");

return -1;

Py_DECREF (self->first);

(oooooon)
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(Cooooooooo)

Py_INCREF (value);

self->first = value;

return 0;

getter OO0 Noddy DODOO0O0OO0O0DOO (closure)d (D00 void DOOOO0OO0O0)00000O00O0
000000 00Oo0DO0O0DO0o0 o000 0oDOo0DO0OD setter0 getter 0 O0O0OO0OOOOOODO
g0o0ooboobobobobOobOobog getterd setter 10000000000 O0OO0OO0OO0OO0OOO
OobDO0O0 getOD00 setD00D0O0OO0O0O0ODOOOODOOODOOONO)

setter OO0 Noddy OO OO0OO0O00OO0OO0O0O0O0OOO0O0COOODOOOOODOOO NULLOODOOOO
goooooboobobooboobboobobooboobboobuoob bbb boboboobo
gooooboboobooo

U000 pyGetSetDef D0 ODOODOODOODOODO:

static PyGetSetDef Noddy_getseters[] = {
("first",
(getter)Noddy_getfirst, (setter)Noddy_setfirst,
"first name",
NULL},
{"last",
(getter)Noddy_getlast, (setter)Noddy_setlast,
"last name",
NULL},
{NULL} /#* Sentinel x/
}i

000000 tpgetset DOOOOOO0OOOO:

Noddy_getseters, /* tp_getset */

gooogn getterO setter U0 O0DOO0OOOO

PyGetSetDef U0 UID0O0ODOODUODOOOOODODODODODOOODDOODODOONULLOODOO
gog

gobobooboobobooobooboobbooboon:

static PyMemberDef Noddy_members[] = {
{"number", T_INT, offsetof (Noddy, number), O,
"noddy number"},
{NULL} /% Sentinel =/

}i

gooboodnD teinitdd000oobO00O0bOO0OO0DbO0OO0DDbDO0OU0DbOO0O0ODbOOOoObDbOOoODOO
03

B first 000 last 0000000000000 000000000000000000000000000000000000C
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static int
Noddy_init (Noddy =*self, PyObject xargs, PyObject xkwds)
{

PyObject «first=NULL, xlast=NULL, *tmp;

static char xkwlist([] = {"first", "last", "number", NULL};

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

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

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

return O;

000000 00D0OD0 first OO0ODO lastOJO0OO0OOO0OO NULLOOODOOODOODOODODO
go00o0o0o0oboO0o0ob0obo0o0O0o MULLO0ODO0O0O0DODOO0O00DO00D Py XDECREF () ODODODODO
Py DECREF () DO 0O0OUOOOOOOOOOOOODOOOOOO0OoLObOObObbObOObOO000o0ooooLDo
000 (deallocator) 000 000000000 O0DO0OOOOOOOOOOOOOOOOOODOOODOODOO
goog

gboooooobooboooobOoboOoboobooOoocoboooobO0obOobooOooOoboOooooOonDOon
o0b00 setup.pyddo0ooooooooooooDO

213 000000ooooooooooooon

Python OO OO0OOO0DOOOO0ODOOOOODOOOO0ODOOOOOOOODOOOOODOOOODOOOO
goooboboooooooboooobobobobobooboboooboboobobobooobOoDbon
goboboooboobboobod:

jdboooooooooooooooooooooooooooooooooooooooooooooooooooooonn
0d0ooooooooooooooooooooooooooooooooooooooooooooooooooooooon
goooooooo
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>>> 1 = []
>>> 1.append(l)
>>> del 1

000000000000 0o0o00oDo00oo0oo0o0Doo0oD delODDO0ODODOOOOOONO
000000000000 U00oooooooO00U0ooDooooOoUUOUoooO pythonOOOOOOQO
gogbobooboobboobooboboobooboooboobbooboobbobbOooboo

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

attributes™*. This means that Noddy objects can participate in cycles:

>>> import noddy2
>>> n = noddy2.Noddy ()
>>> 1 = [n]

>>> n.first = 1

gboooobooooooboOoobOboOonD NneddyOOOOOOOOOOOOOODOOOOOOODOOOO
goooooooooooooooooooooogoogooggogoo 200000000 oooooo
gbobboooboooobooooooocOooboocOoobooooooooOooogn:

#include <Python.h>

#include "structmember.h"

typedef struct {
PyObject_HEAD
PyObject =~first;
PyObject xlast;
int number;

} Noddy;

static int
Noddy_traverse (Noddy =xself, visitproc visit, wvoid xarg)
{

int vret;

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

return vret;

return O;

(Jooooooo)

“ 3000000000000000000000000000000000000000000000000000000000
goooooooooOOOOOO0OO0OO000O000O0OOOOOOOOO0ODOOO0OO0O0O0O0000
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static int
Noddy_clear (Noddy #*self)

{
PyObject xtmp;

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

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

return 0O;

static void
Noddy_dealloc (Noddy* self)
{
PyObject_GC_UnTrack (self);
Noddy_clear (self);
Py_TYPE (self) —>tp_free ((PyObject*)self);

static PyObject =
Noddy_new (PyTypeObject xtype, PyObject xargs,
{

Noddy +*self;

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

self->first = PyString FromString("");

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

static int

PyObject

*kwds)

(ooooooo)
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Noddy_init (Noddy =*self, PyObject xargs, PyObject xkwds)
{
PyObject »first=NULL, xlast=NULL, *tmp;

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

if (! PyArg_ParseTupleAndKeywords (args, kwds, "[00i", kwlist,

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

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

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

return O;

static PyMemberDef Noddy_members[] = {
{"first", T_OBJECT_EX, offsetof (Noddy, first), O,
"first name"},
{"last", T_OBJECT_EX, offsetof (Noddy, last), O,
"last name"},
{"number", T_INT, offsetof (Noddy, number), O,
"noddy number"},
{NULL} /=% Sentinel =/

}i

static PyObject =

Noddy_name (Noddy»* self)

{
static PyObject xformat = NULL;
PyObject xargs, =*result;

if (format == NULL) {
format = PyString_ FromString("%s %s'");
if (format == NULL)
return NULL;

NULL};

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

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

args = Py_BuildvValue ("OO", self->first, self->last);
if (args == NULL)
return NULL;

result = PyString_Format (format, args);
Py_DECREF (args) ;

return result;

static PyMethodDef Noddy_methods[] = {
{"name", (PyCFunction)Noddy_name, METH_NOARGS,
"Return the name, combining the first and last name"
o
{NULL} /#* Sentinel x/

}i

static PyTypeObject NoddyType = {
PyVarObject_ HEAD_INIT (NULL, O0)
"noddy.Noddy", /* tp_name */
sizeof (Noddy), /% tp_basicsize %/
0, /* tp_itemsize */
(destructor)Noddy_dealloc, /* tp _dealloc =/
0, /% tp_print =/
/* tp_getattr */
/% tp_setattr */
/* tp_compare x/

~

~

~

/* tp_repr x/

~

/#* tp_as_number */

~

/% tp_as_sequence */

~

/* tp_as_mapping */
/% tp_hash */

/* tp_call */

/* tp_str */

/* tp_getattro */

~

~

~

~

/* tp_setattro */
/* tp_as_buffer x/

~

O O O O O O O O O o o o o
~

~

Py_TPFLAGS_DEFAULT
Py_TPFLAGS_BASETYPE
Py_TPFLAGS_HAVE_GC, /* tp_flags #*/
"Noddy objects", /* tp_doc */

(ooooooo)
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(traverseproc)Noddy_traverse, /* tp_traverse */
(inquiry)Noddy_clear, /* tp_clear */

0, /* tp_richcompare =/

0, /% tp_weaklistoffset x*/
0, /% tp_iter */

0, /* tp_liternext #*/
Noddy_methods, /% tp_methods */
Noddy_members, /+* tp_members */

0, /+* tp_getset */

0, /+* tp_base x/

0, /* tp_dict =*/

0, /+* tp_descr_get */
0, /#* tp_descr_set */

0, /* tp_dictoffset #*/
(initproc)Noddy_init, /* tp_init x/

0, /* tp_alloc */
Noddy_new, /* tp_new */

}i

static PyMethodDef module_methods[] = {
{NULL} /=% Sentinel x/
}i

#ifndef PyMODINIT_ FUNC /% declarations for DLL import/export =*/
#define PyMODINIT_FUNC void
#endif
PyMODINIT_FUNC
initnoddy4 (void)
{
PyObject* m;

if (PyType_Ready (&NoddyType) < 0)

return;

m = Py_InitModule3 ("noddy4", module_methods,
"Example module that creates an extension type.");

if (m == NULL)

return;

Py_INCREF (&NoddyType) ;
PyModule_AddObject (m, "Noddy", (PyObject =*)&NoddyType);

traversal ] 0 0000000000000 000OO000O00OO0O00O0O0OOO00O0OOO00O00O0OOO00OO

static int
Noddy_traverse (Noddy =xself, visitproc visit, wvoid xarg)
{

int vret;

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

return vret;

return O;

0000000000000 000000000000000000 waversalDODOOODOODODO visit ()
00000000 visit() O0O0O0OO0OO0O000000Owaversal 000000 OODOODODOOD argD OO
gobodobooooboooooooooooOooboboOoobooOoooboobooooao

Python 24 000 00vist 0000000000 0O0ODO pyVISIT() 0DODODODODODOODOOO
Py VISIT () OOOOO Noddy-traverse () DOOOO0OO0OO0OODOOOO0O:

static int
Noddy_traverse (Noddy =self, visitproc visit, wvoid xarg)
{

Py_VISIT (self->first);

Py_VISIT(self->last);

return 0;

O0: O0: tp-traverse 0000 Py VISIT() DOODOOOODOOOODOOvis#DOO arg00On
gooboboboooooobooboboboboobooooboobobobobooboobog

We also need to provide a method for clearing any subobjects that can participate in cycles.

static int
Noddy_clear (Noddy #*self)
{

PyObject xtmp;

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

tmp = self->last;
self->last = NULL;

Py_XDECREF (tmp) ;

return O;

(ooooooo)
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Noddy_-clear () DOO0OO0O0O0O0O0O0O0OOCOODOOO0OOOOOOOODOOOOODOOOOODOODOO
ooooooooooooooooANULLOOOO0DOOOO00O0OOb0O00O0DOOO0O0O0O0OO0O0000aO0
goboooobooooobooooobooooobooooboooobooooooooooOoooOooDOoOooboboOooon
gboboooooboooooooobdobodoboboooooboooooooooooboooooOonogon
gbooboooboocooooooooboobooboooOooOoboobOooOooOoobooboooobDOobOOobOobOboOoDbOon
tp-traverse 000000000 DOO0ODOOOO0OOOODOODOODOOOOOOODODOOOOOOODOO
000 ANULLOOD0O0000000 Noddy-traverse () OOOO0OO0OOOO0O0COOOO

Python24 0000000000000 D000O0OOOOOOODOO Py CLEAR() ODDOODODOODODOO
Py CLEAR() DODOOO Noddy-clear () UOODOODOODOOOOODO:

static int

Noddy_clear (Noddy =*self)

{
Py_CLEAR (self->first);
Py_CLEAR (self->last);

return O;

Note that Noddy_dealloc () may call arbitrary functions through __del__ method or weakref callback. It
means circular GC can be triggered inside the function. Since GC assumes reference count is not zero, we need to
untrack the object from GC by calling PyObject_GC_UnTrack () before clearing members. Here is reimple-
mented deallocator which uses PyObject _GC_UnTrack () and Noddy_clear ().

static void
Noddy_dealloc (Noddy* self)
{
PyObject_GC_UnTrack (self);
Noddy_clear (self);
Py_TYPE (self)->tp_free ((PyObject*)self);

godbo0 py TPFLAGS.HAVEGCUOOUOUODOODOOODDOODOODO:

Py_TPFLAGS_DEFAULT | Py_TPFLAGS_BASETYPE | Py_TPFLAGS_HAVE_GC, /+ tp_flags =/

00000000 tp-allocOOO00OO0O0O0 tp-freeOO0O0O0OO0O0OOOOO0ODOOODOOOOOOOO
gooooobooboobooboobboobobooboobDboobuoobbooboobbooboobo
gooogo

214 0000000000 0OO

000000000000000000000000000000000000000000000000
000 PyTypeObject 000O0DODODDODODOO0DODOONOO0DOOO PyTypeObject 10000 DOO
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gobodoobooooboooooood

gbooobdobdoboftb 1ist 000000 shedayOobobooooooobOoboOooboOonDoon
goobobobobooooooobobobO0obobol increment () U0OO0OOD0OODODOO

>>> import shoddy
>>> s = shoddy.Shoddy (range (3))
>>> s.extend(s)

>>> print len(s)

>>> print s.increment ()

>>> print s.increment ()

#include <Python.h>

typedef struct {
PyListObject list;
int state;

} Shoddy;

static PyObject =
Shoddy_increment (Shoddy xself, PyObject =*unused)
{

self->state++;

return PyInt_FromLong (self->state);

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

}i

static int
Shoddy_init (Shoddy =xself, PyObject *args, PyObject xkwds)
{
if (PyList_Type.tp_init ((PyObject =x)self, args, kwds) < 0)
return -1;
self->state = 0;

return 0;

static PyTypeObject ShoddyType = {
PyVarObject_HEAD_INIT (NULL, 0)

"shoddy.Shoddy", /* tp_name x/
sizeof (Shoddy), /* tp_basicsize */
0, /* tp_itemsize */

(Jooooooo)
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bi

/% tp_dealloc */
/% tp_print =/

/* tp_getattr */
/% tp_setattr */
/% tp_compare */

~

~

~

~

~

/% tp_repr */

~

/* tp_as_number */

~

/% tp_as_sequence x/
/% tp_as_mapping */
/* tp_hash =/

/* tp_call =/

/* tp_str */

/+* tp_getattro x/

~

~

~

~

~

/* tp_setattro */
/+ tp_as_buffer */

~

O O O O O O O O O o o o o o o
~

~

Py_TPFLAGS_DEFAULT |
Py_TPFLAGS_BASETYPE, /+ tp_flags +/
/* tp_doc */

, /* tp_traverse #*/

~

’ /* tp_clear +/

/# tp_richcompare */

, /* tp_weaklistoffset +/
' /* tp_iter =/

o O O O O O O
~

, /% tp_iternext */
Shoddy_methods, /* tp_methods */
/* tp_members */

~

/+ tp_getset */
/* tp_base x/

/* tp_dict =*/

/% tp_descr_get */

~

~

~

/% tp_descr_set */
/% tp_dictoffset =/
initproc)Shoddy_init, /% tp_init */

/% tp_alloc =/

/* tp_new #*/

~

~

~

O O ~ O O O O O o O
~

~

PyMODINIT_FUNC
initshoddy (void)

{

PyObject +m;

ShoddyType.tp_base = &PyList_Type;
if (PyType_Ready (&ShoddyType) < 0)

return;
m = Py_InitModule3 ("shoddy", NULL, "Shoddy module");
if (m == NULL)

return;

Py_INCREF (&ShoddyType) ;

(ooooooo)
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PyModule_AddObject (m, "Shoddy", (PyObject =*) &ShoddyType);

goobooobboobboobbodb NoddyOOboobbbooobooobooobOooobo
gooo

typedef struct {
PyListObject list;
int state;

} Shoddy;

gooooobooboooboobooobooboobbooboob bbb booboobo
00 pPyObject HEAD () DO O0OO0OOOOOODOODOODO

Python 0000000 Shoddy 00000000000 O000OO PyObject* 00000 PyListObject* O
O Shoddy* 0 0000000000000

static int
Shoddy_init (Shoddy =*self, PyObject xargs, PyObject xkwds)
{
if (PyList_Type.tp_init ((PyObject =x)self, args, kwds) < 0)
return -1;
self->state = 0;

return 0;

gooopoobb dinit__gOoQ0b0b0O0O0OD0D init__gOoobObObOO0O0OO0O0OoOobbOoOoOoobDbDbOo
god

gboobobobbO0obODbD newld deallocOUO0O0O0OO0O0OO0O0OO0ODOODODODOOOODOO newd
o000 tpallocOO0O0O0O0O0O0OO0ODODOOOO0ODOODODOOOOO0ODOD tpnewdOOO
ggboogobooboon

Shoddy OO 0O0ODO PyTypeObject () DOOUOODODO tpbase() DOOOOOOOODDOOOOOOOO
go0o0o0o0obo0ob0obD0b0o0o0oo0bO0obO0bDObO0obO0obO0O0ObO0ODbDOD pyList_Type () DODOODO
oopbOoOo0ooOo0oOoboOoOoOoboDOoO0 init() DoboOoOoOoboOoOoOoboDbooOoo

PyMODINIT_FUNC
initshoddy (void)

{
PyObject =»m;

ShoddyType.tp_base = &PyList_Type;
if (PyType_Ready (&ShoddyType) < 0)
return;

m = Py_InitModule3 ("shoddy", NULL, "Shoddy module");
if (m == NULL)

return;

Jooooooo)
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Py_INCREF (&ShoddyType) ;
PyModule_AddObject (m, "Shoddy", (PyObject =) &ShoddyType);

PyType Read () DO00OD0OOO0O0O0ODO tpbaseDDDOODODODODOOOOOOODOOODDOOO
0000000000000 tpallocOOOODO PyType-GenericNew () DO0O0O0OO0OOOOOOOO
-0000000DoOoDOooooOooooo

00000 pyTypeReady () DOOD0OOO0OO0O0OOO0OOO0DOOOOOOOOOCOOODOOOCOO
Noddy OO OOOOOO

22 0000000

gobooooooobooooooOooOooOOoOoOobOOo0oOobOOoOoobooOoOooOoOOoOoOOOOoOoDbOboOonon
oono

000 pyTypeObject U0 OO0OO0O0O0DOOO0O0DOCOOO0OOOOOODOOOODOCOOODOOOOOOOOO:

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

int tp_basicsize, tp_itemsize; /# For allocation */

/% Methods to implement standard operations x/

destructor tp_dealloc;
printfunc tp_print;
getattrfunc tp_getattr;
setattrfunc tp_setattr;
cmpfunc tp_compare;

reprfunc tp_repr;

/* Method suites for standard classes #*/

PyNumberMethods *tp_as_number;
PySequenceMethods *tp_as_sequence;

PyMappingMethods +*tp_as_mapping;

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

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

/% Functions to access object as input/output buffer +/

PyBufferProcs xtp_as_buffer;

(ooooooo)
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/* Flags to define presence of optional/expanded features

long tp_flags;

char *tp_doc; /* Documentation string */

/% Assigned meaning in release 2.0 x/
/* call function for all accessible objects */

traverseproc tp_traverse;

/+ delete references to contained objects */

inquiry tp_clear;

/* Assigned meaning in release 2.1 */
/#* rich comparisons #*/

richcmpfunc tp_richcompare;

/* weak reference enabler */

long tp_weaklistoffset;

/% Added in release 2.2 */
/+ Iterators +*/
getiterfunc tp_iter;

iternextfunc tp_iternext;

/* Attribute descriptor and subclassing stuff =/
struct PyMethodDef xtp_methods;

struct PyMemberDef xtp_members;

struct PyGetSetDef xtp_getset;

struct _typeobject *tp_base;

PyObject xtp_dict;

descrgetfunc tp_descr_get;

descrsetfunc tp_descr_set;

long tp_dictoffset;

initproc tp_init;

allocfunc tp_alloc;

newfunc tp_new;

freefunc tp_free; /x Low-level free-memory routine x/
inquiry tp_is_gc; /* For PyObject_ IS GC x/
PyObject xtp_bases;

PyObject x*tp_mro; /# method resolution order x/
PyObject xtp_cache;

PyObject *tp_subclasses;

PyObject *tp_weaklist;

} PyTypeObject;

*/

gbooooooocobooooobooooOobooooobooooobooboOobooOooOoOobooOooOoOooooon

goboooboooobooooobooooooooboooon

gbobooboocoooobooooobooooooooboboOoOooOoboobOoboobOboOoboOooOoooboOoDOon
gobooooboooooboooooobooooobooOooboOooobooooooooooOoooobooDoOoOooboboOooon
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gobodoobooooboooooooooobooooboooooooooooooooooooooboooon
gooooooooooooooooooooooooOoooooooOoOoocoOoOooooooooooOoOg (@
gooooo ooooooooogoo)yoooooooopoooooOoOoOOOOOOODOODODOODOO

char *tp_name; /% For printing =/

gogboobooobooboboobooboobbooboobobooboobobobooboobboboboobo
000000000000 ooooooooooooooooooo!

int tp_basicsize, tp_itemsize; /* For allocation x/

gooooobooboooboobooobooboobbooboob bbb booboobo
0000oooooooOPythonO0OOOOOOOO0 (OOOOODDODODOOOOOODODOODO)OOOODOO
gobooboobobbobooboD tp-itemsizeUO00OOO00OO0DOOO0OO0DOOOOODOOODOO
gogd

char *tp_doc;

0000 PythonOOOOOOOOOOO obj..doc._O docstring0 00000000 (CO0O0O0O0OOO
o0)oooooo

ggboboooboobobooboobbooboobboooboobboooboobbobo

221 0000000O0O0DOOOO

destructor tp_dealloc;

0000ooo00b0O000o000oo0dPython0 000000 DOOOOOODOOO0DODOOODODOOO
oobooooooooboooooobooooobOoOooboOoboobooOooboOoOooooOoOoOoOOoOooboboOooon
gopbooooooooooooobooooo0ooboooooooooooooOooooDoOoDOooDboboOoon
goboocoooocoooog:

static void
newdatatype_dealloc (newdatatypeobject * ob3j)
{
free (obj->0obj_UnderlyingDatatypePtr) ;
Py_TYPE (obj) —>tp_free (obj) ;

goooooboobbooboobboobobooboobboobuoob bbb booboobo
OPythonOODOOOOOOODOOOOODOOODOODOODOODOODOOOODOOOODDODO (WOOO
gooo0ooo0oo)oo0d0oo0d0o0o0oDoU0oDoU0DOoOO0DOO00O0U0OooUDODOooDoOOoOooDOO
0000ooooooo0o0ooooooooo0oooooooo Python OO ODODOOOCOOOOOODODOO
gogbobooobooboboobooboobobooboobboobooboooboobboboboobo
gooboboboooooooooboobgoboboboooooooooboboboboboboboooon
ob0ooobOo0obO0o0obOO0oO0oDOb0cO0bOO00000 pyErrFetch() OO0 PyErr Restore() OOOO
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gobooooooooood:

static void

my_dealloc (PyObject *ob3j)

{
MyObject xself = (MyObject =x) obj;
PyObject xcbresult;

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

int have_error = PyErr_Occurred() ? 1 : 0;

if (have_error)

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) ;

if (have_error)

PyErr_Restore (err_type, err_value, err_traceback);

Py_DECREF (self->my_callback);

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

222 00000000

Python 00000000 0ODOOOODOOODOCOOO3000000000DO: repr() 00 @oooOO
00000o00oO0D0o00oO0ooooO0)0oODOD str() ODODOOQOODOO0OO0O print0000O0O
goooboobobobboobOdb printd0 str() O00O0ODOOO0OOO0OOOODOOOODOODOO
U0 FILExO0D0000D0DDOO FILExUODODODOOODODOOODDOOOOOOOOODODbOOOoobODO
gooooobooboboobooboobobooboobboobuoob bbb boboboobo
gooooboobo

gobodoobooooboooooooooboooobo00oo0ooin tpstrdd000 tp-reprd
gobooobooooboooooon

reprfunc tp_repr;
reprfunc tp_str;

printfunc tp_print;

tprepr 00000000 O00COO0OOO0OOCOO0OCOOCOOCOOOOOCOOOODOOOOOOO
gobooobooooboooboooon:
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static PyObject =
newdatatype_repr (newdatatypeobject * obj)
{
return PyString FromFormat ("Repr-ified_newdatatype{{size:\%d}}",

obj->obj_UnderlyingDatatypePtr->size);

tprepr 0000000 DOOO0OO0O0DODOOO0O0ODODODODOOO tpmame 00000 O0OO0O0OOO
gooboboboooooooboobooboo

tpstr 00000 str() OOO0O0O0OO tprepr 00000 repr () DODUO0O0O0OOO0OOOOOOOO
OO0 Python OO OOOODOOOO0OODOOOOOODOD str() DO0OOOOODODDODOOOOOOO
ggobo0 teprepr00go0nooooboo0obO0o0o0obO0OO0O0DbOO0OO0DOO0OO0DOOO0ODOOODO
goob0obO0 testr 00000000000 ODOOD0OO tp-reprdgoooooognO

ggoooboobod:

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

obj->obj_UnderlyingDatatypePtr->size);

print 00000 Python OO O OOOO0O00O0000pint 0000000000000 O0O0O0O0O00O0OOO
O ’node’ 0 TreeNode OO O OOOOOCOOOOOCpintO000OODO PythonOODODOODOODOODODO
oo:

print node

flags 0000 Py PRINTRAWOD OO OODOOODODOOODODOODODODDODOOODOODOODOOODOOO
goobobobooooooooboboboboo

O0print 000 FILExOOOOO00OO0O0DOO0OOOO0O0O0O0OO0ODODOO0ODODO0O0D0O0O0oOoOog

print 00000000000 O0ODOO:

static int
newdatatype_print (newdatatypeobject xobj, FILE xfp, int flags)
{
if (flags & Py_PRINT_RAW) {
fprintf (fp, "<{newdatatype object--size: %d}>",
obj->obj_UnderlyingDatatypePtr->size);
}
else {
fprintf (fp, "\"<{newdatatype object--size: %d}>\"",
obj->obj_UnderlyingDatatypePtr->size);

return O;
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223 0000000

gooooobooboooboobooobooboobbooboob bbb booboobo
gooooooooodobooOoodoooOobOoooOobDOobDOo0Oo(oooobooogono)yboooogo
goodoo0oodoo (@UUoooooUoodoOo)o0oo0ooDoU0oO0oDOoOoDOoooOooOooooogono
gopbooobooOooooooooooooANULLOODOOO0D

PythonO 2000000000000 00OCO0O0OOODOOO0DOO0ODOOOOOODOODOOODOOOOODOO
goobooooooooobo0obobobU chars0000oooooboobOobOobOobOobOobDOoboOon
PyObjectx 0UDODOOO0DOOO0OOOODODOOODOOODODOODOODDOODOODLDOODOODLDOO

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

SE e x/

getattrofunc tp_getattrofunc; /+* PyObject + version #*/

setattrofunc tp_setattrofunc;

oooooooooOobo0ooOb0o0oo0O00OO0(@OoOobOOOO0OO0O0)00000000000 PyObjectx O
00000000000D00000000 (generic) 00000000000 O0OCOOO0OOOCOOOOOO
0000 Python220000000000000000000000000O0OOO0O0O0OOOO0OODOOO
gobooobooooboooooooooooooboooon

gboboobooboo
ooooo22000.

o000 o0O0o0 o0oo0ooDo0oO0Ooo0oDoO00ooOU0oDoU0oOO00ooDUOoOoDooOOoOooDOoo?oDOO
gooboobobooooogo:

1. PyType-Ready () 00 000000000000 O00O00O0000O0O000O

2. 00000000000CCCCOOCOOOOOOOOOOOOOOOOOOODOOOOOOOOOO
ooobooooobooooooboooooboooobboooon

gobooooboooobooooooboooooOooOoOobOboOoO0oobooOooobooboOoooOOoOoOoOOoOoOobboOoon
goboooooooooooobo0oooboooooooooDbboooobooOoo

PyType Ready () 00000000000 O0O0DOCOO0OOOOOOOOOOOOO 3000000000
000000ooooo0o0o0o0o0oooooooo (descriporyD00000CCOOOO0OOOOODOO
gooboobobobooooooooooboboboboooboooboobDobobobobobobobooo
oo0oo30000o0oNULLODODOOOO0000OO0O0000DO0O0O000O0OO0000OoOOO0O0OO
00000000 tpgetattroOOO tp_setattrod NULLOOOODOOOOOODOOOODOOODO
ggboooobooboon

00o00o0o0oooo00oo000o030000000000000000:

struct PyMethodDef xtp_methods;
struct PyMemberDef xtp_members;

struct PyGetSetDef xtp_getset;
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tpmethods O NULLOOOOOOOODO PyMethodDef OO OO0OOOO0OOOO0OO0OOOOOOOOOOO
oobooobooooooOooooboOooboooooooOoooDog:

typedef struct PyMethodDef ({

const char +ml_name; /+ method name */
PyCFunction ml_meth; /* implementation function x/
int ml_flags; /+ flags =/
const char »*ml_doc; /+ docstring */

} PyMethodDef;

gboboobooooooobdobooboooooooooboboboooboooooooooooooonogn
goobooobooobooobooboooboOoobobooobobOOoobOOoOooOo0oObOOobobOOobobDbOOooOobOOooboon
(sentineh) OO ODODOOODOOODOOOO0OO0ODO0O0O0O0O0000 mlnamedO00OO sentinel 10000000
oo ANULLOO0OO0OO0O00000

XXX Need to refer to some unified discussion of the structure fields, shared with the next section.

200000000000 D0ODOD0OO0OODODOOODO0OOOOOOOOOOOOODOOOOCOODOODOOC
0000000 CcCo0oonooooooooooooooooooooooooooooooooooon
gbooboboboboooooboobobobobooooooog:

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

0000000000000 0oo0oooonon descriproryJ00000D0O00OOOCOOOOOOOODOO
o00o00o0Db00O000C00000000 type0O0O00O structmember. hOOOOOOOOOOO
00000000 00ooO0o0oo00oDooooogd pythonOOOOODO COODDOOODDOODOOOOO
goooooooooin flagsOogoooooooooooboobobobobobobooooooon
goboboooboon

XXX Need to move some of this to a shared section!

0000000000 structmember . hJOODODO0ODO0O0DOOODOODOOOOD OROOOOODOOO
gooogo

oo oo
READONLY goobobooooo
RO READONLY OO O OO

READ_RESTRICTED 00000 (restrictedmode) 0O OO DO OOOO
WRITE_RESTRICTED | 00000 (restrictedmode) 00O 0 OO0ONO
RESTRICTED 00000 (restrictedmode) D O DO D OD0OODOODOODO

tpmmembers DO O0O0O0O0OO0OO0OODOOO0OODOOOOOODODODOOOODODOOOODODDOOOO
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000000000000 00000000000000000000000000 docstring0 00000
oo0ooooo0ooooooOoOoooooOoOoooooOo0ooOooOoocoOooO APIODOOO0ODOOOOO00O0
000000000000oogody . doc. 000000 docstring0 000000

tpmethods OO0OO00O000O00O0O0O00O0 name 000000 NULLODOODOOOOOOCOOCOCOO
ooo

goboobooooboooog

gbobooboobdobobo charxOO0000O00DbOO0OO0OO0O0OO0OODOOOnamed 0000000 DOOOn
goobobO char» 0000 PyObjectx 00 U0DO0DOO0O0O0OODOODOODOOOOOODOOOODO
00D0O000DOCOOobooOodOPython2200000000000C0000OO00O0ODOOOODOOOOO
0o0oooooo2000000000000000C0CC0000000000DO0O0OO PythonOOOOOO
gooboobobobooooooooooboboboboooboooboobDobobobobobobobooo
gobooboooboobobooboobooobooboobboobuoobDbooboobbOooD

tpgetattr 0000000000000 O0O0O0COOCOOCOOOOOOO0OCOCOOOOO0OCOOOOODOAOC
_getattr__() U0O0OO0OO0OO0ODOO0ODOODOOOOOOOOODOODOODODOOOOO

ooocoooooDoDooOoOooOooOo@ oo0oo000 (000 newdatatype_getSize() O
newdatatype_setSize()) 0O O00D0@) 000000 OOOOOOOOODOOOOOOOOOO
000 3@UoboobOobOo0oodo0OD0 getatr OODOODOOOOCOOODOOOOODODODOOOODOOO
gbdbOd tpmethods UOO0OOO0OOO0OOO0OODOOO

gobooooooo:

static PyMethodDef newdatatype_methods[] = {
{"getSize", (PyCFunction)newdatatype_getSize, METH_VARARGS,
"Return the current size."},
{"setSize", (PyCFunction)newdatatype_setSize, METH_VARARGS,
"Set the size."},
{NULL, NULL, 0O, NULL} /+ sentinel =/

}i

static PyObject =
newdatatype_getattr (newdatatypeobject xobj, char xname)

{
return Py_FindMethod (newdatatype_methods, (PyObject x)obj, name);

tpsetattr U0 00O00O0O0DOO0ODOO0ODOO0O _setattr__() OODO __delattr__ () DOODOOOO
joodoooooo0oo0doo0ooo0ooooo0o0oo0o0oo3000000000 NULLOODODOODO
goooOoboO00oOO0oU0DOOoO0oOO00O00DOOO000O00DbO0O0OO0O0DO0O0D tposetattrO
gooboANULLODObOOoooon

static int
newdatatype_setattr (newdatatypeobject xobj, char xname, PyObject =xVv)
{

(void) PyErr_Format (PyExc_RuntimeError, "Read-only attribute: \%s", name);

(ooooooo)
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(Cooooooooo)

return -1;

224 000000000

cmpfunc tp_compare;

tpcompare 00000000000 OOU00ODOOOOO00OOODOOOOUOODDODOOOOUOODOO
JoodoooooooooDoooooDooooooooDoooooooooooo@oooooooDon
000 pyObject_Compare () OO0 PyObject Cmp () UODOOOOO0OOOOOOOOO0OCOOOOO
PythonO cmp () OOO0D0OOOO0OOOOOODOCOOO)OO0 _cmp__() OO0O0OOOODOCOOODOOO
000 objl 0 ohj20 000000000 -10000000000000 0000000 objl0O o0bj200
00000000 1000000 00oooo (ooo0U0oooOoUU0DoDoooOoUooDooOoUoon
000000000 Python220000000000000000000OO0OOOOOOOOODOOOO0O
0000o0ooooooooooon)

tp.compare U OO0OO0OOOOO0OODODOOOOODOOOODODOOOOODLDODOOOODDDOOOD
00000 pyErrOccurred() DODOODOODOODOOOOOOOOODOODO

gooooobooooo:

static int
newdatatype_compare (newdatatypeobject * objl, newdatatypeobject » obj2)

{
long result;

if (objl->obj_UnderlyingDatatypePtr->size <
obj2->obj_UnderlyingDatatypePtr->size) {
result = -1;

}

else if (objl->obj_UnderlyingDatatypePtr—>size >

obj2->0obj_UnderlyingDatatypePtr->size) {

result = 1;

}

else {
result = 0;

}

return result;

225 000000ooooooooo

PythonO0OOOOO OOO00* 00000 O0O0O0O0OO0OODOODOOOOOOCCOOOOOO0O0O0O00O00O0
0000000 abstract 0000000000

o0oOo00o0o0oO0O0O0O00O0Ooc000O0OPython 0000000000 OCOO0ODOOOOOOOCOOODO
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o0o0o00000000O00000000000000000000 PythonOODOOOOOODOOOOOO
gobooooboooobooooooboooooOooOoOobOboOoO0oobooOooobooboOoooOOoOoOoOOoOoOobboOoon
gobooooooooooooobooooboooobooooboooooooooobOooooDoOooDbboOoon
gboooooocoooooboooobooooobOOobOobOOoOoOOobOUOoOOobOO0obOobOOoObOOOoOoOOoDOOn
gobobooooboooooooooobooooobooOoobooooboooooooooooooOooDoDoOooDboboOooon
ooooooooooo@ooooooooooOooOoooOoOoOoooooOoANULLOOOOOOOOOoooOn
oobooooboooooboooooobooOoooOooOooboOooooOoobooooooOoOobOooOOoOooboboOooon
oooooogoo)

PyNumberMethods *tp_as_number;
PySequenceMethods xtp_as_sequence;

PyMappingMethods »*tp_as_mapping;

goooo0ooU0ooOooUdoOOdDoOobOOoO0oUOOdDOO0O00O0ooOU0oOU0OOoU0UOoODOoOUODOOoOboODOoOn
0 CO PyNumberMethods 0000 PySequenceMethods DO 0OOOOO PyMappingMethods 00O
gooooobOoooOoOoooobooobU0oooO0o0ooOU0ooDbDOoOoOoOoOoODUOoOoDOoDbDUOoOooOOoOobo
Python 0O O O0OOOODO Objects 00000000 DOOODOOONO

hashfunc tp_hash;

gooooooboobooooboobooobobooboobboobuoobbooboobbooboobo
goobooboboobooo

static long

newdatatype_hash (newdatatypeobject *ob7j)

{
long result;
result = obj->obj_UnderlyingDatatypePtr->size;
result = result = 3;

return result;

ternaryfunc tp_call;

gobobooooobuoobooobobuooboobbooboooobDbOooboobbOobLbd obj1 O
0000000000000 0dPython0OO00O0OO objl('hello') OODOOODODODODODO tpcallO
goboboooboon

ooooo3b0o0opooopon:

l.argl 0000000000000 OO0000000000000000000000000000
objl('hello') ODDOD argl O ob31 000000

2.0rg2 0000DO0OO0DO0DO0DDDODODO0DODDODODOODDODODODODDODODOODDOOOOO
PyArg_ParseTuple () OOOOOO

3.rg300000000000000000O0O0O0O NULLOOODOODOODOOOOOOOO0ODOO0
00 pyArg-ParseTupleAndKeywords () 0O OO0OD0OO0DOO0ODOOOOODOOOOODOOOO
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oooooooobooooonNULLODOOO0ODOOOO00bOOoOooooooooobobooooooooo
O0000 TypeError 00 oooooonoon

00000 calODO0OOO0OO0OOOO0ODOOO

/+* Implement the call function.

* objl is the instance receiving the call.

* obj2 is a tuple containing the arguments to the call, in this
* case 3 strings.

*/

static PyObject =
newdatatype_call (newdatatypeobject *obj, PyObject xargs, PyObject xother)
{

PyObject xresult;

char xargl;

char rargz2;

char *arg3;

if (!PyArg_ParseTuple(args, "sss:call", &argl, &arg2, &arg3)) {
return NULL;
}
result = PyString_ FromFormat (
"Returning —- value: [\%d] argl: [\%s] arg2: [\%s] arg3: [\%s]\n",
obj->obj_UnderlyingDatatypePtr->size,
argl, arg2, arg3);
printf ("\%s", PyString_AS_STRING (result));

return result;

XXX some fields need to be added here...

/* Added in release 2.2 */
/+ Iterators #*/
getiterfunc tp_iter;

iternextfunc tp_iternext;

goodooo0oooooDoUoooO0DOoOdooOdO0ooDdooDoUoDOOoU0DoOOoO (obooooooooo
goooooooo)oboooo(@Oo.obooooooooDboOooDOOooobOOooDOoO0)yoooooobooon
gboobodbdobol tpiterdbubooooobdbOobOObOn tpiterdobooobonogn
goobOob0o0 tp-iterd tp-iternext 00 000000000000 0ODOODOOOOODOODOOO
gooboobobobooooooooooobobobobooboboobooboobobUoboboboboooo
goboooboNULLOO0DO0O0OO0DboOooon

ooboooboooobboOooooobOoOooDOoOonD tpiterdbb00oooOooboOoOoOoDOOObOOOOn
gobooooooooooooobooooboooobooooboooooooooobOooooDoOooDbboOoon
oooooooo0ooooocooOooooOoOoOooOo@oOooOooooooO0oO)booooooobooooon
gooooooooooooooo @oooobogoooooooono)oooooooooooooooon
gboooboobooooobooodobooobOo0ooOnn tpdternext 0000000 OO0O0OOCOO
ooboooobooooooooobocooboboooboooooon

goboooboooobboOoooooboo0oooOooboOod00nbooOnn te-iter000onooOonooOoOon
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od0ooooOO0oo0ooO0o0O@oooooOoo0o0ooo0ooO0ob0O0000oo0o0O0b00n tp-iter0gonoon
000)0 tpiternext 00000000 COCOO0O0OO0O0O0OODODOOOOCOOOOOOOOOOOO
oobo0ooooDbo0ooboooOooDOoANULLOO0D00000000 StopIterationd0O000O00OODO
gobooooboooobooooOooOoocOooOOo0oOobOOo0oOobOOoOoOoboOoOoOoOoOOoOoOOOOoOoDbboOoOon
goboonNULLOOOO0oOoOooooon

2.2.6 000 (Weak Reference) 1 0 000

PythonO0OOOODOOOO0ODOOOOODOOOOOOOOOOOODOO0OODODOO0ODOOOOODOOOODOO
gboobobobooooooboobobobobooobooboobobobo

goboobooboboboboobobobobuobboboobd pyObject« 0000000 OO0DOO
goooooo0oooOoOooooooOoOooOoOooboOoOooOOoOooboOoNULLOOODOODOODOOOOD
gobuobbuoobon tpweaklistoffset UUOUOUOOOOOUOOOOODOOO0DOOOOOOOOON
gbobobobooooooboboboboooooobooboobo:

typedef struct {
PyObject_HEAD

PyClassObject *in_class; /% The class object =*/

PyObject *in_dict; /* A dictionary */

PyObject xin_weakreflist; /x List of weak references x/
} PyInstanceObject;

gogbobooboobbooboobbooboobboooboobboobog:

PyTypeObject PyInstance_Type = {
PyObject_ HEAD_INIT (&PyType_Type)
0,

"module.instance",

/#* Lots of stuff omitted for brevity... #*/

Py_TPFLAGS_DEFAULT, /% tp_flags */

0, /* tp_doc */

0, /* tp_traverse %/

0, /* tp_clear */

0, /* tp_richcompare #*/

offsetof (PyInstanceObject, in_weakreflist), /* tp weaklistoffset =/
}i

Jo0o00obO0obOoboooooooANULLOODODO0ODOOoDbDOoDbOon:

static PyObject =
instance_new () {

/% Other initialization stuff omitted for brevity =*/

self->in_weakreflist = NULL;

Jooooooo)
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(Cooooooooo)

return (PyObject =) self;

gogoooooboobooobooboobobooboobbooboobbooboobbooboobo
ooboOooooOoOoooooNULLOOOODOOOooDooO:

static void
instance_dealloc (PyInstanceObject =inst)

{

/+ Allocate temporaries if needed, but do not begin
destruction just yet.
*/

if (inst->in_weakreflist != NULL)
PyObject_ClearWeakRefs ((PyObject =x) inst);

/% Proceed with object destruction normally. */

227 0000000

gooooobooboobdoobboob obbobobboobooboobbobboobooboobo
0000000000000 00000o00uooon PythonO include 00000000 object.hO
0000000000 0ooooDooono pythonOOOODOOODOOOOODODO

0000000000000 000000000000000000000000000000: PythonO O
00000000000000000000000 Objects0000000000COOO0O0OONOOO0O
0+tp.000000000000000 (OO0 tpprint 00 tp.compare0000)00000000
00000000000000

goooobooooobooooobboboooobobboooobboooobboooboboDbboooo
PyObject_TypeCheck () UOOD0OUOOUOOODOOOOOOOOOOOOODOODO:

if (! PyObject_TypeCheck (some_object, &MyType)) {
PyErr_SetString (PyExc_TypeError, "arg #1 not a mything");
return NULL;
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0 30

distutis0 OO COOO C++ 000
Jooobooon

Python 140 000000000000 OODOOOOOOOOOCOCOCOOOOOOOO0O0O0O0O0O0O0O0O0OO
0000000000000 00000 UnixO0OOOO0O0O0OO0OO0O0O00000O0Python2.00000000
(OOD00O MakefilepreinO OO SewpO0 0O O0O0COCOCOCOCOO)000000000O0O00O0OOOOOOO
000000000000 0000000O0diswtils0000000000000000000000O0D0000

distutils 00 0000000000000 000COCO0O00COO00O000O0 distutilsOO00OOO00OO0O0O0OO
O0000000Python2x OO distutils D0 O00O0O00OPython 1.50000000000000000C0O
distutils 000 0000000O0O0O0OCOOOO0OO0O0OOOOOOCOOOOO0O0O0OOOOOOOO0000
gopbooobooooooooooboooooooobooon

distutils 00 0000000000000 CO0OO (driverscript) D00 setup.py00000000 setup.
py 0000 PythonO OO OOD0DOODO0ODOO00OOOODOOOOODOOODDOOODOO:

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.c000000000DO000O0O

python setup.py build

J000000 demo.cO0OD0O0DO0OO demoOODDOODOODODODOODOO buildODODODODO
0000000 o00o0obDo0o0obOo0bDbo0o0b00OoUn build/lib.system 000000000 OO0OO
00 demo.so U demo.pyd DO OOOOOOOOOODOOOOO

setup.py UO0O0OO0O000O000D000DO setupdb0odbooobooobooocboobobobobooon
gooobobobobooooooooobgoboboboooooooobooboboboboboboooo
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oooooo0O0000000000000000000000000000O0O000000000 Python
o000oooO0o00ooO0O00oooO00ooO000DOO0O000oO0O00oO0O0 distutilsDO0OOO
000000distutils-index 0000000 distwtils 00000000000 0OOOOO;0000000O00O
goboooboooooooooboOooon

gboboooboboooboboobdbUsetup () U0O0O0OO0OOODOOOOOOODOODOODODOO
JO0O0000 setup() O extmodulesODOOODODOODOOODOOODOOODOOODOODODOO Extension
gooboboboooobooboboboobbodb0 demobooboooboboboboODOOO
00D0O0000 demo.cODOOO0ODODOOODOOOOOOOODOOOODO

gooooooboobooobooboobobooboobbooboobbooboobbooboobo
gooobobobooooooobooboboboooooooobobobobooobooo

from distutils.core import setup, Extension

modulel = Extension('demo',
define_macros = [('MAJOR_VERSION', '1"),
("MINOR_VERSION', '0')1,
include_dirs = ['/usr/local/include'],
libraries = ['tcl83'],
library_dirs = ['/usr/local/lib'],
sources = ['demo.c'])
setup (name = 'PackageName',
version = '1.0",
description = 'This is a demo package',
author = 'Martin v. Loewis',
author_email = 'martin@v.loewis.de',
url = 'https://docs.python.org/extending/building’,

long_description = '''

This is really Jjust a demo package.

ext_modules = [modulel])

000000 setup() UOODOOO0OOOOODOOOOOOOOODOCOOOOOOOOOOODOOOOOO
gooooooboobooooboobooobobooboobboobuoobbooboobbooboobo
0000000000000 oooooooooooooooooo0 disutilsOOOODOOO
goodooU0oOo0o0oU0DooUOoOoO0oUODodoDoUnixdODOoODDOOoOooOOoOooOoooooooogo
gooooobooobogod

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

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

—1inux-1686-2.2/demo.so

0000000000 0DO00O000O0D0o0oODO;distutils 00000 distutils 0 O0OOOO0OOO
ggbooooboobooon
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31 0000000000

goboobodobobooboobobooboobboobbooobooba

oobobobooobooooboooooobooooobooOobobooOoOobo;bocooboo0oooboooa

python setup.py install

coobooooooocoobOoOoOoOobocOoOobOOoOoO;obOo0oobOOoOoOooonn

python setup.py sdist

gooooooooboooooboboooooboooooooooooon0,0b0d MANIFEST.inOOOO
O0000;0000 distutils 000000000000O0O00O00OO

coboboboooooooooooooOooOoOobooobooOooooooooOoOoOooOoOoobOoOoOoOoobooOn
goboboboooboooooboooooocooon

python setup.py bdist_wininst
python setup.py bdist_rpm
python setup.py bdist_dumb
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0 40

Windows OO O COOO C++ 000
Jooobooon

00000 WindowsOOO PythonOOOODOOOO Microsoft Visual C+ 00 000000000000
ooooooooooooO0o0o0oooOo0o00ooOoO0O00boO0O00oOoO0O00oOoOO00ODO0D0ODOn
O0D00OPythonOODOOODOOCOODODOO WindowsOOOOOOOUnixd WindowsOOOODOOOOO
oooooooO0o0ooooo0oooo0ooo0 UnixO0OOOO0DOOOOO0OOOOOOO

000000000000 000000000ooooo0distutils0 00000000000 OO0O0O0O0
00000ooooooOoOoOPythonO0DOO0OCOOOOO0OOO COOOODOOOCOCOO; OO0 Microsoft
Visual C++ 00 0O

O0: O0OD0OOCOPythonOOOOOOODOOOOOOODOOOOOOOOOOOOOOOOOOOOOO
00ooooo0oUooooo xyooooooouooooogoooooogo,'xr0ooooo Python O
0o0ooooooooooooooyyoooooooOoDOODO0O0O0000OPython22.1 000000
oobxyooooo 22000000

41 000000 O0DOOO

Windows 00 0000000000000 0UnxO0000000distutilsO00000000000OO
00000000000 000000000000distutils0000000000000000000O0O00
0000000;distutils 000000000000 OO0OCO0OO0O0OO00O000O0O0O0O distutils-index
gobooobobooobobooobooobooobooobooobooobooboooboobooonooon
winsound 00 0000000000000O0O0O0O0OOOOOO

4.2 Unix 0 Windows 0000

UnixO Windows 00000000000 OO0O0OCOCO00OOO0O0OOOO00OOOOOOOOOODOOO
ggoooooooobooboobobbboooooooobobobobbbbboooooooooooboobbbobobobo
ggo


https://github.com/python/cpython/tree/2.7/PCbuild/winsound.vcxproj
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Unix00OOOOOO0O0O0OO0OO (.so)000000000O0O0O0O000O0OOO0OO0O00O0O00O0O0O0O00O00O
goboooobooooobooooooboooooOoooobOboOoOoooOoobooOoOoooOOoOoOoOOoOoobboOooon
goboooooooooooooboooobooobooobooooooOoooooDoooooDoOooDboboOoon
gobooobooooooooooOooooooOooboOooon

Windows 00000 O000000OCDO (.d11)000000C0O0O0000O00O (dangling reference) 000 00O
ooooooooooooo00oooOo0o0ooO0o0ooOo00ooOO0UoOO0o0OoO0 DLLO0ODOOOO
gooooooooobbooooooooobobbboooooooobobobbbbboooL, 0oL o
oooo0o0o0 DLLOODOO0O0O00000000000000000000D00ODO0O0000O0O0O0O0O0
gogbobooboobboon

Unix0OOOO0O0O0OO0OO0O00O0O0O0000 (.a)0000000OD0 .a0000000000000O00O00OO
00 (.opCOoOo0Oo0O0OoO0oOo0ooODOo0O0OO0O00o0O000n0 (so)0oooooooooooon
gobodoobooooboooooooooobooooboooooooooooooooooooooooon
gooooooooooos;obooooo0ooooooOo0oooOoOoOobOooobobooboOobboOobooooboobooon
oobooogooon

Windows 00000000 OO0OOCOOO0OO0OOOOOODODOOOCODOOODOOOCODUOOOO @©VoOOo
Jlip0000000O)OOODOOODODO UnixOOODO .ae0000000COO0;0000000000
gooboobobobooooooooooboboboboooboooboobDoboboboboboboooo
gooooobo bLLOodobooooooboboboboooooboboboDoboooboboboDoo
goooooooOoOooOobOOoOoOoOobOoOoOo0oOoOoOoDOoOoOoOoOoOoDLLODOOOObOOODOOOOn
gooooooUooooooooo PLLODOO0ODOO0ODOOOOO0O0OO00O0U0DOOoU0DOoOooOooOn
goo0o0o0o0o0obOooOOobOoo0oobO0obObD bLLOODODOOODOO0ODOODOOO0OODOODDOODODOO
ODLLOOOOODOOOOODOOOO

00000oo0oooobo0ooBO COOOOODOOO0O00OO0OOOOD ADDODOOOOOOOUNxOOO
A.all B.sol C.so00D0O00O0O00OO0O0OOCOOOCOOODOOODO;000000000O000O0O0O0O0
00oooooBO CO0OOOOOO0OO0O00O0OODODOOOOOO000O0 WindowsOOO A.d110000
000 A.1ip000000000BOCOOOOO0O0 A.1ip000000 A.1ibO000O0O0OOODOO
000;00A00000000000000000000000000000O0O0O0O0O0O0O0O0O0

Windows 10 00000000000000 import spam 0000000000 ;00000000 spam
00o0doo0oo00o0oDo0oDo0oD00oodooDUDOo0ooO0oDUODoUNxO0DODOODOOOoOOO
go0ob0dbO from spam import x000000;00000000000000O00O00DOODOOO

43 DLLOOOOO

Windows 00 O Python O Microsoft Visual C++ 0 000 000000;00000000000D0000O0OO
00000o0o0o0ooo0dd BorlandOOODOODOOODOCOO)ODOOOOOOODODO MSVC++0O0OO
ogoooo

Windows 0 DLLOOOOUOOODO pythonXy.libO0OOOOOOOOOOOOODOOOOOOO DLLO
spam 0 ni(spam 0000 CODOOODOOODOOOOO0)000000000000000000O00O00OAO:

78 040 WindowsOOO CUOO0 C++ 00000000000
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cl /LD /I/python/include spam.c ../libs/pythonXY.lib
cl /LD /I/python/include ni.c spam.lib ../libs/pythonXY.lib

goboboobooboobbOd: spam.objld spam.dl1 000 spam.1ib 000000 Spam.dll
00 (PyArg-ParseTuple() OO0O0O)PythonODOOOOOOOODOOCOOO pythonXy.1libOOOO
OPythonO0OOOOOOOOODOOOODOO

00000000000 ni.dll1 (@O0 .obj0O .1ib)0000O0COO0DOOOO spam O PythonO OO
ggbobooboobbooboobooboboobooboba

I A o o 241 1 10}
000000D0) 0000000000 0DDDOO0O0O0OO0OOUOvoid _declspec(dllexport)
initspam(void) O PyObject _declspec(dllexport) =*NiGetSpamData (void) O 0O 0O OO
_declspec(dllexport) DODOODOOOOOOODO

Developer Studio 0 00 0000000000000 0O0OOO DLLOOOOOOOOOOOOOOOO
jooK o oooooooooooooooooooooooooooomooooooooooDooooo
gbobooobomoooobooooooobo obobooooooooob oooooooobooooaoon
msvertxx.1libO0OOOO0O0OOO0O0O0O0O0O0O0O0O0O0OO

43. DLLOOOOO 79







81

050

DO00000000O0oO PythonOOO
L1 [

00000 PythonOOOO00O0OCOODOOOO0COOOOCOOOOO PythonODOOO0ODOOOOOOOOO
gooooo0oooooo0oooooUULUUULUULUULoULU:DooUooODoD Cc/lCc++0ODOoDODOO
00 bpythonOOOOOOOODOOODOOOOOOOOOOOOODOODOUODOUODOODODOUODODOOO
gooooo Co C+ 00000 PythonODOODOOOODOOOOOOOODOODOOOODODOOOOOOO
00;0000 PyhonOO0OOOOO0ODOOOOOOODOOOODOOOOOOOODOOODOOOOOOOO
g0oooooooooooooooooooo pythonDOODOOOOOOO0OODODOOOOOOOODOO
goobooboboboo

Python DD OOOO Python OO OOODODOODOODOOOOOOODOOOOOODOOODOODOOO
Python 000 OIO0OO0OOOODOOOODOOODODOOOOOOOCOCODOOO PythonOOOOOOQOooQ
00 Python OO OOODODOODOOOOCCOOOOO0O0O0O00O0 PythonODODOOODO —O00000O0O0O0DOO
00000ooooooooo PythonOOOOOO0OO00OO0OOOODODO PythonOOOOOOOOO —O
gogbobooboobboon

oooo PythonOODOOOOOOODOODOOOOOOOOOOOOOOODOOODOOOOOODODOOOOO
000o0ooooooooOooooooooon pythonOODOOOOOOOOOODOOCOOOOOOOOO
000 py-Initialize() 000000000000 ODDOOOOOOOPythonOOOOOOOOOO
gobooooboooobooooooboooooOooOoOobOboOoO0oobooOooobooboOoooOOoOoOoOOoOoOobboOoon
ooboooo

gooooooooooDoDDoDoOCoOO0OO0U0O0OgoooooooO: python DO O O0O0ODODODO
PyRun_SimpleString() 0000 stdo D 00000000 COOOOO (DOODOOOOOOOOO
000000 O0ODOO0ODOO0O00O0O00O)D pyrRun_SimpleFile() OOOOOOOODOOOODOOODOOO
000D0O0000o000oooo0ooDoOo0OPython0 00000000 O0ODOOOOODODOOODDOO

Python OO DOOOOODOOOOOOOODOOODOOCOODDO Demo/embed/ 0000D0OOODOOOO
Ooo:

c-api-index PythonCO OO0 ODOO0O0O0O0OO0O0OOODOOOOOOOOOODOOOOOOOOOOOOO
gboooooogo



Extending and Embedding Python, 0000 2.7.16

5A 00000000

Python 0000000000000 ODOOODO0OOOOOOOOOOODOOOOOOODOOOOOO
goooooo0oo0ooo0oooooo pythonO0OOO0OOCOOOOOOOOCOOOCOOODOODOOO
gogbobooboobbooboobboobooboboo

#include <Python.h>

int
main (int argc, char xargv([])
{
Py_SetProgramName (argv([0]); /# optional but recommended x/
Py_Initialize();
PyRun_SimpleString("from time import time,ctime\n"
"orint 'Today is',ctime (time())\n");
Py_Finalize();

return O;

Py_Initialize() 000 OO Py SetProgramName () DO O O0OOOOOOOODOODODOOOO
go0oO0o0oQ0obOU0o0ooOU00oOobO0ooOooooDOoOoobOUooboOoboDoOPbPython OO OGQOOO
Py_Initialize() O0DDD0DODOODODOOO0O0OO0OOOOOO PythonOOODODOODOODDODODDODO
goooobb0O0ogd pyFinalize() DO0O00OOOOOOODODODDDOO,DO0O00000000CQ00O
00000000000 OOoPython 00000000 D0ODO0OOO0OOODOUOOODODUODOODODOOOO
00000o000o0oU0oo00ooU0ooo0DoDoU0ooO0dOPPython 0000000 OOOOOOOOODO
PyRun_SimpleFile() O0ODOOOO0OODDOOOO0OOOOO0ODODOOOOODODOODODDOOO
gopooooooooooooo

52 0000000000000 0O0O:00

0000000o0oooooooo pythonOOODOODOODOODODODOOODOODOODOODODODOODO
Ooo0o00000o0 Python0 0000000000000 0ODOOO0OO0O0O0DOOODOOOOOOOOOOOO
000000000000 00000o0oooooooooooooooooooooooooooooon C
ooboooooooooooobooooooooooooDboooo

Python 00 O0OO0OOD0OO0OOOOOCODOOODOOOOCOODOOOODOOOODOODOODOOOOODOO
00ooooooooo0o0ooooooooO00oooooooo0o0ooooooooO PythonOO C
gooboboboooooobooboboboboooooo:

1.00C0COO PythonOO COODODODO
2. 0000000000 CODOUOU0OoOoOogoooOgoo
3.0000000000000 COO PythonOOODOODO

Python 000000000000 DOO0OOOOOOODOOODDOOODODOOODOOO:

l.00C0O0O0 CcOoO PythonOOODOODO

82 050 000000000000 PythonOOGooOO
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2.0000000000 PythonOOODOO0OOO0DODOOOOOOOOOODOOO
3. 0000000000000 PythonOO COODODOODO

gobooooboooobooooooOoocOoOoOOo0oOobOOoO0OobOOoOoOoboOoOoOoOoOOoOoOOOoOoOoDbboOoOon
gooooooooooooOoOooooooOoooooooooooOooooooooooooo cooo
ooo00ooo0o0ooooOo0ooooO pythonOOODOOOOODODOOO

0oodOoOPythonODO COODOODOOODOOODOOODOOODOOODOOOOOODOOODOOODOOO
gooobooboboboooooooobooobobobobooobooooobooboboboboboboooon
gogbbooboobboobooboooboobooobooboobobooboobboobo

53 0000000

O000oo0o0oooo00OPython0 0000000000 ODOOO0OOOOOODOOODODOOOODOOO
oo00oooOooooOo0oOooooOPythonODOOOOOOOOOCOOOOOOOOOOOODOODOO (OO
000oooooooooooooono)o

Python 00 DO0OO0O0O0OOOO00OOOOO0ODOOCO0OODOOODOOOODODOOOOOOOODOO:

#include <Python.h>

int

main (int argc, char xargv([])

{
PyObject +pName, +*pModule, =*pFunc;
PyObject *pArgs, =*pValue;

int i;

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

return 1;

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

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

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

/* pFunc is a new reference x*/

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

(Jooooooo)

53. D0OO0DoOooooO 83




Extending and Embedding Python, 0000 2.7.16

(Cooooooooo)

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_CallObiject (pFunc, pArgs);
Py_DECREF (pArgs) ;
if (pValue != NULL) {
printf ("Result of call: %1d\n", PyInt_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;
}
Py_Finalize();

return 0;

000000 argv[1]1 0000 PythonOOOOO00000O00O0O0 argv(2] 0000000000000O
oobooooDOob0o0boD argvO00O0OOO0O0O0ODOOO0OOOOOODOOOOODOOOOODOOOO
(0000000000 eall 000000 O0)OODOODOOO PythonOOOOOOOOOOOODOOOO:

def multiply(a,b):

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

c=c¢c+b

return c

ggobooboobobooboon:

84 050 000000000000 PythonOOGooOO
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$ call multiply multiply 3 2
Will compute 3 times 2
Result of call: 6

00o0o00oooooooooooooo0o0oo0oo0ooo0ooooooooo PpythonO 0O COODODOO
00000o0ooU0UopoooOoUoooopPythonDDOOCOOOODOOCOOUOODODOOOOODODOOOOOO
gboobooboobao:

Py_Initialize();

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

gobooobo0bo0ob0oboOobDO pyImport_-Import () DO0OODOOODOOODOODOOOODOOO
Python 0000000000 O0DOO0OOOOODODOO PyString FromString() 0000000

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

/#* pFunc is a new reference */

if (pFunc && PyCallable_Check (pFunc)) {

}
Py_XDECREF (pFunc) ;

Jdo0ob0000bb00O0obbO0obDbO pyObject_GetAttrString() DO0OOOODOOODOOOOOO
googgooooooobboobooooooooobobbbbbbboboooooooooLDbboo
goobooboboboooooooogoooboboboooobooboobooboboboboboboooo
00DoOOooooOdPythonODOOOODOOOOOOOOODO:

pValue = PyObject_CallObiject (pFunc, pArgs);

ob00ooobOoobo pvalue NULLOOODOOOOOOODOOODOOOOOOOOOODOOODOOOO
gobooooooooooooDo

54 000000 PythonO OO

oooooooooo pythonOOOODOOOOOOOOOOOOOCOOOOOOOODOOOOOOOOOO
0000 Python APID 000000 OOOOOOO00O0ODOOOOOOOOO0ODOOOOOOOOOOOO
gobooooboooobooooOooOoocOoOoOOo0o0obOOo0oOobOoOoOooboOoOoOoOoOOoOoOOOoOoOoDbboOoOon
gobooooboooooooooobooooobooboOoobooooboooooooooooooOooDoOoOooboboooon
oooooOo pythonOOOOOOODODOOOOOOO0ODOODOOOOOOODOODOOOOODOOOOOO
00000oooooOoooO0000o0oooOoOOO0O00O00 PythonOOOOOOOOOO0OODDODODQOPython
000oooopooooo0o0ooooooDooD (ghe, ) OOODOoOoooooOOoOoOoOOoOooooooOO
goood:
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static int numargs=0;

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

return Py_BuildValue ("i", numargs);

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

}i

000000 main() O0OO0OO0OO0OO0O0CODOO0O0DOOO0O0OO0O0O0O0DOO py-Initialize() OOOO
gooog:

numargs = argc;
Py_InitModule ("emb", EmbMethods) ;

00000000 numergs 000000000 OCODO PythonOOOOOOOO emb.numargs () OO0
00oooooooo0o0oooooooooo0o0goooooooO pythonODOODOOOOOOOODOO
oooooood

import emb

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

00000000000 oo0O000ooO000bOo0O000ooO00n0 APIO PythonOOOODOOOOO
oooo

55 C++ 000 PythonO OO OO

C++00000000 PythonOODOOOODO0;00000000000000000000000C++00O
gooooooooo;oo0oo00000C0O0O00O0OO0O0 CH+O0O0O0C+H+DOOODOOODODOODOODODODOO
000000000 00o0O000b0o000OD PythonOO0O C++ 0000000000000 0OODOOOO

56 UnixOOODODODOODO0ODDO0OO0OOOO0OO

Python 0O ODOOOOOOOOOODODOOOOOOOOOODOOOO (@ODOO)O0O0OODOOODOOOOO
oooo0o0O0O0000000000000000O0Python0000O0O0O0O0DDOOODODODODODOOOOO
cOoo0O0 (.so0000)00000O0O0O0O0O0O0O0OOOOOOOOOOOOOO

000000000000 00000D00000000 pythonX.Y-configOdOOOOOOOOO (OO

86 050 000000000000 PythonOOQOGOO
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OPythonO0OOODOOODO0O0OO0OO0O0O0O0DO00O0O0OO0O0O0O0O0DDO0O0O0OO0OO python-configOO
goooooooooooooOoo)yoooooooOoooooooooooooOoooooooOoooon
gopooon:

* pythonX.Y-config --cflags0UO0O0O0O0OO0O0OOOOOOOODOODOOO:

$ /opt/bin/python2.7-config —--cflags
-I/opt/include/python2.7 -fno-strict-aliasing -DNDEBUG -g -fwrapv -03 -Wall -
—Wstrict-prototypes

* pythonX.Y-config —--1ldflags000000000OO0OOOOOOOO0O:

$ /opt/bin/python2.7-config --1dflags
-L/opt/lib/python2.7/config —-lpthread -1dl1 -lutil -1m -lpython2.7 -Xlinker -

—export-dynamic

O0: OO0 PythonOOOOOODO (OOOCOODOOO PythonOOODOOODOOODOO Python)OOODO
gboboboboboobubnd pythonX.Y-configOUOOOOOOOOoOO0OO0OO0OOOOO

goooooooooooo0oO00o@oOoooooo00 UnixOOOOoOooooOoOoooooooooo
0000000000000 bugreports 10000 DDO0OOO0O0O00O0O0O0OO0O0O0OOOOOOOOOOO
O000000C0OPython O MakefileJOOOOOOOOOOODOOOOOOOOODOOOOOOOOODO
sysconfiglOOOOO0O0O00OO0O0O0O0O0O0O0O0O0O0O0OCO0O0O0O0O0O0O0OCOO0O0O0O0O0O0O0COOO0O0
goboooobooooooooobooooooooobog:

>>> import sysconfig

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

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

'-Xlinker -—-export-dynamic'
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od A

HRERE

>>> (J00000000000000000000 PythonODOOODOODOOOOODOOOODODOO
gbooooooboobobobooooooo

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

2to3 Python2x O 0000 Python3xOOOODDO0OOODOOOOOOOODOOOOOOOOOOOOO
0000 (raverse) 0000000000000 OODOODOOODOODOOO

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

abstract base class (000 00O O 0O) abstract-base-classes 0 duck-typing 000000000 hasattr ()
0000000000000 00000000 000000000000 0o0O0O0ooOoooOgd Python
O0DOO0DOO0O0O ABCsOO(collectionsOOOOOO)ODOOODOO (numbersO0OO0O0OO)
0000@GeO0000O0OO)OODOOOODO OOO0ODOOOODO eabcOOOOOODODOODDOO ABC
gobooboobooooo

argument OOO0O0OO0OOOO function(OOO method) 0000000 O00D0OOOODOOOOO

- JO0O0OOODO:000000DO0ODOUODOUODOODOODODO (O:name=)00 «+x000O
gbogoboooboobobobuoboboobobib complex () ODOOODOODOO 30 5000
goobooobo:

complex (real=3, imag=5)

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

e JO0O0:000000000O00O00OOOOOOOOOOOODOODOODOODODODODODODOD +=0O
000 iterable 000000000000 0O0O0OO0ODOOOOOOO 30500000000
oo:

complex (3, 5)
complex (* (3, 5))
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coobobooobooooboooooooooooooooooooooooooooooooboOon
OC calsOOOOOOO0OO0ODOOOOOOOOODOOOOOOOODOCOOOOOODOOOOOOO0
oooobooooboboooooooooooooooooDoog

OOOO0OFAQO ODOOOOOOODOOODOODO?0O0C0COCCOOOO

attribute (00)O0OOOOCOOOOOOOODOOOOUOOOOOOOOOOOOOOOOODOOOOO

Oo0b0b0 o000 «OO0O0O0O0OOO0O0OO0OOODODO oaOOOOO0DOOO

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

googon

bytes-like object (000000000 0) strO0bytearray 0 memoryview 00O 00O buffer protocol O

cooobooooboooooooooooooooboooobooobooooooOooooooooobboOooon
coobobooobooooboooooooooooooooooboooooooooooooobooon
coooboooobooooobooooooooooOoboOoOoOoboOoobooOooooOoOoOoOooOoboOoobOboOooon
ooo

bytecode (DOUOOUOO0O)PythonODOOODDOODOODOODOOUOOUDOOOUDOOUOODOOOOO

Python 000000 CPython DO D ODOOOOOOOODOOOOCOOOOOOODO .pycO .pyo
coooooooooOooooooDOoOoobDoOoboO0bo0oObDObOooOooOoOobOD (obooboobooo
00od0o0o0ooOo0o0oDOOo0oOoDOo0ooD)QooooUoodooUooDoooooooogoo
OO00OO0O0OOoOoOoOoOoOoOoOoOoOoOoO »0O0gg (virtual machine)’ 00000 0000 (intermediate
language)’ 00000000000 OOOCOO0ODOOODOOOOO PythonODOOOOODOOODODOO
Oo0O0OO0O0OOoO0OoOoOoO0OPythonOOOODOOOOOOOOOOOO

000000000000 disdopooo oooood

class (000)0DOO0OODOOOOOOODODOOOOOOUOOOOODOOOOOODOOOOOODOODOOOO

gobooboobbooboobooobooboobboo

classicclass (000000 O0O)object 00000 0ODO0OODOOOOUOOOOD DOOODODOO

(new-style class) 00 00000000 000000000 Python30O0ODOO0O0O0O0O

coercion (000)0DOOU0O20000000000000LD0ODO0DOOODODOUODOODOOOODOO

0000000000 b00Db00 int(3.15) 00000000000 300000 0O0ODOO 3+4.5
cooooobpoOoooooOoob @oobooooOoooboOoooo)o coobooooooboooo
OO00000C0O00D0OCOO000ODDOOOTypeError000000000OC 200000000000
00000000 coerce000O0OOODODO DOOO 3+44.50 operator.add(xcoerce (3,
4.5)) 000000000000 operator.add (3.0, 4.5 00000000ODOOOODOO
gboobo0oooobOoboboboUobooooboobDobOoUooooDOoDOobODOobDOobOo UD 3+4.500
0000000 float(3)+4.50000000000C000O00O00OODOOOODCOOO

complexnumber (000)00O00000O00000ODO0O0O0O0ODOOO0OOOOOOOOOOOOOOOO

coooooooboooooo (-10D0o0O0)bo0obooOoUboooUOoDboU0UobDbD igoooboOooo
OO0 jO000000OPythonODOOO0ODODOODOO0ODOODOUODOOODOOOOODODOODOOO
0j000000000000 3+13000 meth0OODOOO0OO0O0OO0O0OD0OO0DOOOO0O0OO cmathU
gobooboobbooboobbooobooboboobboobobobobooboobbooboo
gobooboobooooo
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contextmanager (00000000 000)withOOOOOOO __enter__() 0 _exit__() 00000
0000000000000 0000000000PEP343 0000000000

CPython pythonorg 00000000 0OPython 00000000000 OODODOOO”CPython” OO
0000000000 JythonDO TIronPython 00000000000 OO0COOO0OOO0O0OO0O0OO
ooo

decorator (00000 )000U000O00U0OOO0OOUDN ewrapper 000000000 OOUOOOOOO
Ub00000b0b0bO0Db0 classmethod() O staticmethod () ODODO

0O0000000OO00oOo0oO0O0ooogooooOo0200000000DO00DOOOn:

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

@staticmethod
def f(...):

cooobooooobooooboooobooooobooooooooobooobooboOo oogon
cooooboboobooobooooboooooobooooooa

descriptor (0O00DOOO0)0000 _get_—(),-set__(), 0000 _delete__() 00DOO0OOO0OOO
0000 (mew-style) OO0 O0O0O0O0O0OOO0 ODOOCOOO0OO0OODOOOOOOOOOOOOOOOOO
0000000 00DOo000ooooU00ooo0oooouooooOoooDoOog Ooao get,set,delete
0000 «bDOODODOD0 000000000 OOOOO bPOOOOOOODOPOOLOOODOOOOO
gooooOoOoOoOoOO0OO0O0O 000000000000 00000000000 PythonOOOOO
gboboooboobob oobobooboooboboobobobobobobobobDOobo oobo
gobgooboobbooboobooobooboobbooboobbooboobo

0000000000000 0000000 descripiors 0000000000

dictionary (00)00O00DD0O0O000O0O00ODO0O0OO0O0O0O0O _hash_() 00000 _eq__() 0000
0000000000000 0000000000 PerlD0O0D0O0OO (hash)yDOOOODODOOO

dictionary view (00 0)dict.viewkeys(),dict.viewvalues (), dict.viewitems () 0000
O00O0C0O0OO0Q0ODOOO (dictionary view) 0000000000000 0000O0OO0OOOOOOOO
Joooooooooooobobbobobobooboboboboddddoooooooooooooon
O list(dictview) OOOOD0O0OO dictviewsOOOOOOOOOO

docstring 000 000000000000 OD0OOOODO0OODOOOODO0OODOOOODOOODOOOOOOO
gbobooooobobOobobobooboooob0obobooo0obOobODbD _doc_OOOOODOO
gooboooboboooboooobooo:-bboooobboboobobooobbooobboo
gbooooogoboobooboo

duck-typing 00 0000000000000 00O0O0O000O00OO0OO00OO0O0O0O0OO0OOOOOOOOOO
gbooboooooooboboboboboooooooobooboboboboboooooboobooDbo
goooboobodmogoobooobooboboboobobooobooboobbooobWooo
gooooooooobobooboobobbbboddddooooooobLb bbb oUUUUg o
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0000000000 00000000000 type() O isinstance() DO0OO0O0O00O00OO
(toooooooooooboDo oooobO0Oo booooooooOOoOooOO0)ooooOoooOoDo
hasattr () OO0 FAFPODO0O0OO0OOOOOOOOO

EAFP 000000000000 0OOOOO (easier to ask for forgiveness than permissiond 0 00000 O
O)oooooooo pythonODOODOODODOODDOO0ODDOO0ODOOODODOODODOODOOOO
goooboboobobooooooboobooboboobboobooboboobbooobooobDoboo
Uo0b00bbo0obibo0D tryO0OD00O except OO ooonooooboobooobDOO
gocOoOoOoOoOoOoOoOoUoOoOoOoDOOL BYLOOOOOOOOoooooog

expression (0)0 00000000000 O0O0ODOODO (apieceofsyntax). 0000000000000
gobobooooboboboooobobooobo boboobobobobobobo0 Oobboobo
OODO0OOPythonOODOOOOOOODOUOOOOOODOODOODODOOD print0 i£f00000
OO00000000 (statement) OO0O0O00O0OOOO0DOOOODOOOO

extensionmodule (0OO0O00O00)CUOC++00000000O00O0OOPythond CAPITO OO O Python
gbooooooobooboboboooo

fileobject (DODODOOOO0OODOO)O0OO0O00D0D0OOOODOODOOO API(read() O write() 0000
ooooo0)0oooooOU0o0UUo0LODO0DO0U0U0000OO0OO0OoU0OODOOOODOODODOOODOOD
oo0o0o0o0O0O0O0O0O0O0O0O0OO0O0O0O0O0OOOOOOOOOOOOOOO (@QOOOOOOOO0OO0
00000000 bOO0o00oooO0o0oo0oOobOO)yODOoOoOoOoOoDODoOOoOoOoDobOOoOooDDODoOoOoOoooooao
file-like objects O streams 00000000

000000000000 3000000000:00000000000000000000OO0O
gboooooobooboboboboooboob0 oobooboobOob0obOob iooboboOoOoooDbDO
goboob oobuoopbooboobboobodbbU open() ODDOODOODDOO

file-like object file object 0O OO OO

finder 000000 loader 0000000000 findmodule() 0000000000 OODOOOODO
oooOoooocooOoODOODO PEP302000000000OO

floordivision 0000000000000 00O00OOfoordivisionOOOO //0000000 11 // 4
020000 floatO truedivisionO0 OO 2.750000000 (-11) // 40 -2.750 0000
000000 -3000000000000000 PEP238000000000OO0

00 (o)oooOooOoDOoO0ooUOOUODbDObOOo0OCUObOOoOooOUODUbOD ODODOODRUODOOD
O000000000000000000000 000000000function0000000000O

_future.. 0U0O0O0OO0OO0OOOO0OOOUOOOOOOOOODOOOOUOOUOOOOOOOOOOOOO
ooooooobooobooooobo 117400000 2000000000000000O0O0O0O0O0OO

from _ future  import division

O0O0O0 0D0OO0O0D (true division) 00000 0O0OCDO 11/40 2.75000000000
_future__ 000000 mport 0000000000 DOODODOOOUOOODOOOOODODO
goboobobooboobobooobooboobboon
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>>> import _ future
>>> _ future__ .division
_Feature((2, 2, 0, 'alpha', 2), (3, 0, 0, 'alpha', 0), 8192)

garbage collection (000000000 0)0000000000000O000O0O0OOODOOOOPython
gboboooooooboobobobobooooooooobobobobobobooooooooDo
gobgobogo

generator A function which returns an iterator. It looks like a normal function except that it contains yield
statements for producing a series of values usable in a for-loop or that can be retrieved one at a time with
the next () function. Each yield temporarily suspends processing, remembering the location execution
state (including local variables and pending try-statements). When the generator resumes, it picks up where

it left off (in contrast to functions which start fresh on every invocation).

generator expression (000000 0)000000O0000O0O0O0OO0ODO0OOO0OOOOOOOOOO for
0000000000000 if000000000000000000000O000O0000O000
ooooooooooooo:

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

GIL  global interpreter lock D0 00000000

globalinterpreterlock (0000000000000 O)CPyhon 00D 000000 OODODOOOOO
Python 0000000 (bytecodey 00D ODDOOOO0OO0OODOOOOOODOOOOOOOOOOOO
0000 (dict0D00O0OO00OO0ODODOOO)DODODOODOOOOOOOODOODOODOOODOOOO0
O0O00ooooooo CpythonODOOODOOODOOOOODOOOOOODOODOOOODOOOOO
ooboobooboboobooboboobooboboooboobDbooDboobbooobooboo
googad

coobobooobooooobooooooooooboobooboooOoobooOooooOoOoOooOooOooOooboboOooon
oooooo GILOooooooooooogoooooogoorvooooooooo GglILoooog
oooon

000000000000 007”00000000@00000000000000000000O)0O
gboooooooooboboboboboooboobooboobobobobobobooooooooDo
goobooboobbooboobbooobooboooboobboboboobbobobooboo
goooooooooo

hashable (00000 O0)000000 00000 O0ODOO0D0OO0OOOO0OOCOOODOOOOOOOOOOO
(-chash__() OOODOOOH)ODOOOOOODDOOOOOOO (ccegq-() 0 cccmp__() OOODO
00)OoOoOooOOoOO oDUOooOOooOooOooOooOooOooOooDODOoDOooDOooDOooooooDoon
oood

goobooboobboobooboboooboobooboboobboboboobboobbooboo
gbooooooboobobobooooon

Python 000000000000 COODO0OOODOOOODO0OOODOODOOOODOOOO
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O{@oooooooo)obooooooooooooooOooooOooOoOoooOoOoOoOooooboOon
ooooooooooooOooO0oOooOoo0oOooOoboO0oooOoooooOoOoOoDOoOoOo @oooOono)ynoo
oooD id() ooooogoo

IDLE Python OO OO OO0 (Integrated DeveLopment Environment) 0 0 O IDLE O Python 0000000

gobooboobbooboobboobuoobboobooobo

immutable (COO0OU0O0)0000000OO0O0OUOO0OOUOOOOOOOODOOOOOUOOOOOO

gooboobooboboobooboboooboobooobodbboboboobbobDboobboo
goooboboobooboooboobbooboboobboobooboobboOooboobDoboo
gooboobooobobooboobbooboobbooboobbooboobbooboo

integer division (000O0)00000000000O0OO0OO0OOOOOOO 11/400000 2.75000

02000000000000000 (floordivision) 00000000 0000000000 00O0OO
ooo@oooooooOoooon0)boo0ooooooOo oODOO0O00000000 (fleat OO
O00)0OODOOOOOO0 000000000000 000000 (BOO4 (coerciony00)d 0000
ooooooooooooooooooooOoOOcOOOoO0 ObOobooooooooooooooo /7
oooo ,/00000C0C0OCOOOCOOCDOOODOODODO _fuwre._O0OOOOOODOOO

importing 00000000 PythonOODOODOOOODOOD PythonOOODODOODOOOODOODOODO

importer 00000000000 D0O0OO0ODOOOO finderO loader 000000000000O00O0O

interactive (0O00)Python0OODOO0OOOOO0OODOODOODOOOOOODOODOODOODODOOO

goboobbooboobboobboobbU0 pythonOdoboooboobooobOoOoLO
(COOU0DOoOoOUODOODOUOOoO PythonDOOOUODOODOOODOOOOOOODOODOOCOO)
gooooooooobobobobooooogooooooooobooboobobobbbbboooboooooooo
(help(x) ODOOOODOOOOO)ODOOODOOODOOOO

interpreted Python 00 0000000000000 O00O0OOOODOOOOOOOOOO(@MOOOOO

oooooooooooooooooooooboo)0oooooObooO0O0oOooooooOoOO0ob0ObOO0on
coooooooboooooboooooooooooboOoOoobooOoobooOooooOoOoOoOooOoOoobboOoon
ooooooooobooooooooooooobobooooooooooooobooooooOooDbbOooon
OoOOOOOOOOOOOOOObOOOOOOO0Ogg (gnteractiveyDO0OOOOOOOO

iterable (000000000 O0)00000000O00O0O0OOO0O0OO0OOO0OO0OOOOOOOOOOOOOO

(list,str,tuple0000)000CODOOO0OODO dictO fileODOOOOODOOODOODODO
00 0000 _diter_() O _getitem_ () J0O0O0O0O0OO0OOO0OO0OODOOOOODOOOOO
000O00000000oooD for00OOCOO0OOOUUOOUOODODOODDO (DOU:0OD000O0OOOOOO
00000o0ooD0oooooooDoooooO)yDoooooOod (zip(),map(),..) 000000
O000O00000oooooOoO0OO0O0Odd iter() O0DO0O0O0DOOODODO ODODODOOOOOOOO
000000000 oOo0o0O00U00o0oDoOooOU0U0U0D0DOOOO0O0 DUDUODOoDoOOOOOO
Jodddono iter() UOODODDODD DODODOOOODOOOOOODOODOODOODODODODOODOO for
goooOooOoOoOOoOODODOOO0O00000000O000O000OD0OOOOOOOOLOOOOOO
O (iterator) 00000 (sequence), 000000000 (generator) 0000000000

iterator (000O00)0000O00O0O0O0OODO0OOODODOOOOOOODOD next() DO0DOODODOO

gboooboooboobuooboobuoobuoobuoobuobbUobbOubbg stopIteration
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oobobooobooboooodoooooobooooboooo0o0oooboonOn next() OOO
0000 stopIterationO0 000000000000 O0O0O0OOOOO0OO0OCOCOOOOOO
_iter () OO0000OCOO00DODODOOO0OOOOCOOOOOOD terable0000CO0O00O0OO
oooooooooooooooooDoOOOOCOOOO0OO0O00o0oO0ooo0ooOo0o0n0 (1ist0000)
O0000o0O0o0boO00oboOO0n iter() D0OOO0OOO0OOOOOOOODO forOobooboobDOO
cobobobooboboboooooooooobooboboobobooooooooobOoboOobOan
coobobooobooooobooooooooooOoocoOoobooOooobooOooooOoOoOooOooOooOooboboOooon
oooo

000000 wypeiter DO OODOO

key function (00DO0D0)0000000OO0OOOO0OO0OOOOOOOOOOODODOOOOOODOOOODOO

0000000 (callabley DOOOO0OO locale.strxfrm() D0000O0O000O0O0O0CDOOO
gbooooooobobobobooooooogon

PythonOOOODOOOOODOCOOODODOOOODOOOODOOOODOOOOODDOOOODOOO
O0o00oo0ooooooooooooooododfod min(),max (), sorted(), list.sort (),
heapg.nsmallest (), heapg.nlargest (), itertools.groupby () OO0

0000000000000 00000D000DD str.lower() DO0DOOODOOODOOODOOOO
gbobooboooboobobobooboboob0 b0ob0lampda 00000 lambda r:  (r[07,
r(2]) 0000000000 0O0ODO0OODODO0OO0ODOO0ODOO0ODOO operatorddnoogon
attrgetter (), itemgetter (), methodcaller () U0OOODOOOODOODODOOODOOOOO
0000000000000 000D00D0O SoettingHOWTOO DO OO ODOOOOO

keyword argument OO0 O0OO0OOOOOO

lambda (CO0)OOO0OOOOO0OO0O0ODO0OO0ODO0O0OOUOOOOOOOOOOO 1000 (expression)O

0000000000000 000 lambda [parameters]: expressionO0O0O

LBYL OOO0OO0OO0OOO (lookbeforeyouleap)Dl 000D OOD00O0O0DOOOD0ODO0OOOOOOOOOOD

list

O00O0O0O0000000000 (pre-condition) 00000000 EAFPOOOOOOOODODODO if
oooooooobboooooooooon

oo0oooooOooOoU0oooOUOLBYLOOOOOO »oor0doroorobooogoooooo
oooobopobbbbO0ddgdif key in mapping: return mappinglkey] DOOO0O
00000000000 00D0O0O0O000 mapping00 keyOOOODODOODOOODOOOOOOOO
000000 EAFPOO0DOOOOOOOODODOODOO

OOoO0)PythonOOOOOOODODOODO (sequenceyD00DOODOOOOOOOOOOOOOODOO
goooOoOoOoO0O0O0000 (aray)D0O0O0ODOODOOODOOODOODOOMDODOO

listcomprehension (QO0O00OO0OO0)00OO0OOO0OUOD0ODODO0DOODOOOUOOUDOODODOOOOOOO

gboooboooooooo oobobuobO0oDbO0DbO0 result = ["0x%02x" % x for x in
range (256) if x $ 2 == 0] 00000 000255000000 160000 (0x.)OOODO
gobboobobbooobbioo if0000000000 1i£0000000 range(256) 0DOO
goooooogogo

loader 00000000000 0O00O0OOOO loadmodule() 0000000000000 ODOOOO
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gooOoOoOooooOoOo PEP320000O0O0ODOOO
magic method special method D00 00000000

mapping (00 0O000O0O00)000000000O000O00000O00O00O0 Mapping O
MutableMapping 0 0000000 0000000000000 0O00O0O 0000 dict,

collections.defaultdict, collections.OrderedDict, collections.Counter OO

oooood

metaclass (000O00)00000000000O00O0OOOOO0OOOOOOOOOODOOOOOOOD
O0000o00oOoo00oooO0oOoo300g0oooogooo00ooobDoooooogooDooOooo
ooooooooooooooo(@o:oo0o0o0)000o0o0ooooOoooOO0O0OO0OOPython O
gbooooooooobooboboboboooboooobooboboboboboboobooooDo
goooooooooobobobooodoooobbbobbobbbbobboboo00oooUoU o
gboooboooooooobobobobooboooobooooooboboboboboooooboobooDo
gobooboobboobooboobbooboobbooboon

OO0 metaclasses 0 OO0 0O0O0O0O0O

method (0000)0000000000000O0O00ODO0OO0O0O0O0OOOOO0OO0OOOOOOOOOOOO
OO000O0O000oOoO0o0DOoOO00DbOO0o0DoOoOo0OoO (argumenyd00OOOOODOO(@MOOOO
0000 self 000000 OO0 0 O0O0O000O0ODOODOOODODOOODOOOODO

method resolutionorder (0000000 0)000O000O00O0CO0O0O0O0OOO0OO0OOOO0OOOO0O23
OO0 PythonODDOODOOOOOOODOOOOOOOOOOOOOOO The Python 2.3 Method
ResolutionOrder 00 OO0 O0O0O0O0O0O

0oDoo0 (@oooo)pythonO0O0OO00ODOODODOOOODOOOODODOOODOOOOOOO
Python 000000000 COCOOOOOOOODODOOOOOO importing000000QO Python OO
goboooo

O0oobOooooooooono
MRO method resolution order 00000000 ODO

mutable (0O0O0OCOO0O)0U000000OO0O00OO0OO0O0ODO id() D00DO0DUOODOOOOOUOOOOOOO
000000 (mmutableyDO0OO0O0000000O

namedtuple (00000O00)0000000000000000000O000O0O00O000000O0O0
O0000000 (0000 time.localtime() J000O0000O0O0000O00000O yearO
0t[0]00000000000000000O¢t.tmyear10000000000000000C
0oo0oo)o

0000000000 time.struct_time 0000000000000 O0OOOOOOOO
gobooboooobbiO0o0o0oobbbo0ob0obbibOd collections.namedtuple() U
oo0o0o0oo0ooooooo0oO000o0ooooO0O0000ooDoooooOOo00ooDooooOoD
Employee (name="'jones', title='programmer') 000000000 OOOO0O (self-
documenting representation) D 0 0 0000000000

namespace (J000)0000000O0O0QOODOOD OOOOOOOODODODOOOOODOODO OO
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ocoooooooooooooooooooboooooooo(@oooon)oboooooooboooo
00000000000 D O0b0D000 _builtin_.open() O os.open() UODOOODODOOO
0000 000o00ooo0oooooo0ooo0ooooo0oDoo0oooooooDoooooooO o
0000d0doooobobobObObObO0O0 0000 random.seed (), itertools.izip() OOODOO
O0000D00D00D0000 randomJOOD0OO0O itertools0000O0OOOODOODODODOO
oooooooo

nestedscope (00 UD0O0UOD0OO0OOD0O)000O0UOOUOOUOODUOOUOODUD DUDOOUOOUOO
gbooboooooooboboboboboooooooobooboboboboboooooboobooDbo
gobooboobbooboobboooboobooboboobobobobooboobbooboo
goooboobooooooooboobobbooooobobb b bbb bbbboUoo
gbooobooooooobooboboboobooobooooboobobobobobobooooooooDo
gooo

new-styleclass (0000000 0)object 00DO0O0O0DO0O0O0OO0OOOUDOODOOOOO list
O dict 0O0O0O0OOO0OOODOODODODODO _slots__(), 000000 0OOODOODO
__getattribute__() OOOOO PythonODODOOODOOODOOOOOOOOODOOODDOO

00000000 nnewstyleODOOOOOOOOO

object (DD UUOUO)ODDO(UUOUOD)0D0DODOODUOUUUOOD(@M@OODO)OODODODODOODOOOOODOO
O0000000000 (mew-styleclass) 0000000000000

package (00 000)000000000000O0OO0OO0O0O00O00O0O0O0O0O0O0O moduleO00O0O0OO
000000000000 _path._ 00000 PythonOOOOOOOOQ

parameter (0OO0)0O00OO0O0O term:0 O <function> (O term:0 0 O 0O <method>) 00000000
0000000 000od0oo0ooooo4000000:

e DOODODOODOO:ODOODDOODDUbODLDOODDOODLOODDOODLOODODOODLD
0000000dddfood bar 0000000000000 OOOOOO:

def func(foo, bar=None) :

- JO0OO0:00C0C0DOCOOD0OOOO0O0O0OUOOOOOOOOPythonOODOOOOOOODODODODO
oobOoO00ooOoOoOoOoOoOoO0O0oDOoO00bOOoO00ODO0O0oDOOoOoOO @»:-abs())yboOooooO

e JOU0DOD:(O00DO00ODOUDDUDDUDDOUODOODOO)0D0DDODODDODOODOOODDO
gooobooboboooooboboooobobOob args000DbODOO0OOOD x0O0O0OO
gboobobooao:

def func(xargs, =**kwargs):

- 0JOO0O0ODOOODO:(OOOOO0O0O0OO0O0OO0O0OOO0OOOOOOOOOOOOO0)0DODB0ODOO
00oooooo0o0o00ooooooo00oooooooo0o0oooonn kwargsOO OO
goobobOo »~000000b00O00O0obooon

gooboobooboboobooboboooboobboooboobboboboobbobDbooboo
oogd
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argument OFAQOD 00 0000000000000 0function 0000000000

PEP Python Enhancement Proposal JPEP O OPython 00 000000000000 OO0OOOOOO
Python 0000 O0OCOO0O0O0O0ODOCOOOOODOOOOO0OODOOCOOPEPOOCOOOOODODODOOOO
go0ooooOoooooooo (wo)boooooooo

PEPOO00O0OO0OO0O0O0DOOOO0OOOODOOOO0OO000O00O000 PythonOOOOOOOODOO
Oo000o0Ooo0O0ooOoO00ooOOooOoO0ooOooO0o0ooOCcO00PEPOOOOOOOOOOOODOOOO
ooobooooobooooooboooooooobbooooooo

PEP1O00O0OOOODOOO
gobo oooooooooboooo

Python 3000 Python3.x 00 0000000000000 00OMPython3 0000000000000 0O0
gooooo)y’py3k’0000O0OO0OOOOOODOO

Pythonic 00000000000 00000D0O000O0O000O0Python00 000000000 ODOO
00000000000 ooOdPbPython0O0 000000 OOOO forO00O0O0OQOOOOOOOOOO
0000000000000 0d000D000o0oDo0o0oDo0oooodPythonODdOOOOOO
gbooooooboobobobooooooog:

for i in range(len(food)):

print food[i]

0000000000 PythonicOOODO:

for piece in food:

print piece

referencecount (00 00O00)00000000O0000O0DOOOOOOOOOOOOOOOOOOOOO
O0000000DooO0o0o000oooooooOO PythonOOOOOOOOOOODODOO CPython
gbobooobobOobo sysObOobgooboooboboboobooboobooboobobooobo
JO00d getrefcount () DO0OOOOOOOOO

_Slots.. DOO0OO0OO00OO0O0O (new-styleclassy D0 0000000000000 D0OO0DO0OOOOOOOOO
ggooboooboboooobbooobbbooobob boobbbooobbboobobb oo
goboobgoobobooobooboobooboobooobooboobobobobobboobD oobOobDbo
gooboboooooooobobboooooobbbbbooooob bbbooooobbboboooo
gboooooooooobogoo

sequence (0 0DO0DODO)0OOO0OODO _getitem__() 00000000000 OOOOODOOOODO
OO0 0O00D0OO0 len() OD0ODOOOOOCODOOODOOOOOOO (terableyD00 ODOOOOOO
Jogddblist,str,tuple,unicodeJU00O0OMONO dictl __getitem _() O __len__()
O00OO0COOO0O0OO0 000ooooooooog GgmmutableyDOODOODODOODOOOOOOOOOO
OO0 mapping) O DOOO0ODODOOODOOOODOOOO

slice (D00D0D0)OODOOOOODOODO (sequencey000000ODO0ODO0O0OD ODO0ODOODOOOODO [
CoboooobOoobObo0oboo0o0obOOoObOOb0O0 0000 variablename([1:3:5]1 000 000
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OO0 sliceO000O0OO0OOOOOOOODOODDOO(@MOOOOOOOOODODOOO __getslice__()
0 __setslice__() OOO0OOOOO)

specialmethod (00DOO0O0)000O00O0O0OODO0DO0OO0O0OO0OOOOOOO PythonOODOODOOODOO
gooooooOoOoOoOOOOOOODOO0O0OO0OO0OOOOOOOOOODOOOOOO 200000000
0000000000000 specialnames 1000000000

statement (0)O0O0O0O0OCOO (@COOO”O0C0O00”)O0OO0O0O00O0OOOCCO OCOOOOOOOOCOOO
OO000000D00O0000000 if0OwhiledfordOonooOon

struct sequence A tuple with named elements. Struct sequences expose an interface similiar 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 ().

triple-quoted string (D0 O00OU0OOOO0)3000000000000 ()UO0OLDOLOUOOOOC)OOOO
ooogooooo(@o)oooooooooooooooOoooooooooooooooooOoo
ooooooool1oo2000000000000O0O00O0O0O0C0COCOOOOOOO0O00O0O00O0O
goo()boooooOo0ooODOOo0oO000bO000DO0oO0DOO0OO0DODODOO0DODODOO0DDOOOD
cooooooo

| @O)Python ODODODOODDOODOODOODOODODDOODOODOODOODOODOOOOODOOO
Ub0o0ob0oo0obobob0ob0oU0bd _class__O000OD0O0O0ODOODtype(ob]) OODOO
goboooo

universalnewlines OO0O0O00OCO0OO0OOCOO0OOOO0ODOOCOO0ODOOOOOOOOOOODOOO:UnixOOO
00 "\n'OWindows D00 '\r\n'000 Macintosh D00 "\r'0000000000000 PEP
2780 PEP 3116 0000 str.splitlines() DOOOOODOODOO

virtual environment DO000000000000000000O0O00O0OO0O0OO0O PythonOOOOOOO
0000000000000 0ooooo00Od PpythonOOOOOOOOOODOOODOOOODOO
Python 000 O00000000000000O0O0O0O0O0O0O0OO

virtual machine (COO0OO0)000000O0O0DO0OO0ODOOOO0DOO0ODOOOOOOO PythonODODOOODO
OO0000C0O0D0O0OO00O0O0OO0O0O0OOOoOODooOng (bytecodeybooooogd

Zen of Python (Python 00 0)Python 0000 000000000000 OPythonOD0OODODOODDOOO
OoOoOOoOOOOO0OO0OO0O0O00000 ’import this”O0O0000O0O0O0O0CCOOCOO

99
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0000000000 PythonOD 0000000 DOOO0DOOODODDO OO00ODDOODODOOOO Sphinx
000000 reStructuredText 000000000000 O00O0O0O

0000000000000 0oDooodoOPython 000000 DO00O0OOOOOOOODOOOODOOO
0000000000000 000O00D0O0O0OUO0O0D reporting-bugs 0000000000 DOOOOOO
gopooooooooo!

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!


http://sphinx-doc.org/
http://docutils.sourceforge.net/rst.html
http://docutils.sourceforge.net/
http://effbot.org/zone/pyref.htm
https://github.com/python/cpython/tree/2.7/Misc/ACKS
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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



https://www.cwi.nl/
https://www.cnri.reston.va.us/
http://www.zope.com/
https://www.python.org/psf/
https://opensource.org/
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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 2.7.16

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

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

2.7.16 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 2.7.16 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 2.7.16 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 2.7.16 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
2.7.16.
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4. PSF is making Python 2.7.16 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 2.7.16 WILL NOT INFRINGE ANY THIRD PARTY RIGHTS.

5. PSF SHALL NOT BE LIABLE TO LICENSEE OR ANY OTHER USERS OF PYTHON 2.7.16

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

MODIFYING, DISTRIBUTING, OR OTHERWISE USING PYTHON 2.7.16, 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 2.7.16, 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.

c30U0Uioooouopoouoooooooooooon

000000 PythonOOOOO0O0O0DOOODOOOO0OO0OODOOOOOOOOODOOCOOOOOOOO
goboooboooooboooooobooo

C31 0000000000 (Mersenne Twister)

_random 000 0O O O O http://www.math.sci.hiroshima-u.ac.jp/~m-mat/MT/MT2002/emt19937ar.html O O O
00o0o0o0oO0oU0oO0oOoUo0oO0oUO0oO0OULO0Oo00O0Oo0o0DLOU0OoO0ooDOUOoOoooUoO
gooog:

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.

(ooooooo)
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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

socket 0O0DOOOOO WIDEOOODOODO http://www.wide.ad.jp/. OO O0O0O0D0OOOCOO0OOOOOCOO
00000 getaddrinfo() OO0 getnameinfo () UO0OOODOOODO:

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

All rights reserved.

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

modification, are permitted provided that the following conditions

are met:

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

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

3. Neither the name of the project nor the names of its contributors
may be used to endorse or promote products derived from this software

without specific prior written permission.

THIS SOFTWARE IS PROVIDED BY THE PROJECT AND CONTRIBUTORS "~ "AS IS'' AND
ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE
IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE
ARE DISCLAIMED. IN NO EVENT SHALL THE PROJECT OR CONTRIBUTORS BE LIABLE
FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL
DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS

OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)

(ooooooo)
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HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT,

STRICT

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

c33 00000noouoon

fpectlOOOOODOOOOOOOOOOOOODOOOOOO:

\

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 wuse 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.

C34 MD5 000000000000 0OOOO0

mds00000000000000000O000000d:
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Copyright (C) 1999, 2002 Aladdin Enterprises. All rights reserved.

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.

L. Peter Deutsch
ghost@aladdin.com

Independent implementation of MD5 (RFC 1321).

This code implements the MD5 Algorithm defined in RFC 1321, whose
text is available at

http://www.ietf.org/rfc/rfcl321.txt
The code is derived from the text of the RFC, including the test suite
(section A.5) but excluding the rest of Appendix A. It does not include
any code or documentation that is identified in the RFC as being

copyrighted.

The original and principal author of md5.h is L. Peter Deutsch
<ghost@aladdin.com>. Other authors are noted in the change history

that follows (in reverse chronological order):

2002-04-13 1lpd Removed support for non-ANSI compilers; removed
references to Ghostscript; clarified derivation from RFC 1321;
now handles byte order either statically or dynamically.

1999-11-04 1lpd Edited comments slightly for automatic TOC extraction.

1999-10-18 1lpd Fixed typo in header comment (ansi2knr rather than md5);
added conditionalization for C++ compilation from Martin
Purschke <purschke@bnl.gov>.

1999-05-03 1lpd Original version.

c35 00o0o0o0oooood

asynchat 00000D0 asyncoreJ00000000O00O0OOOODO:

Copyright 1996 by Sam Rushing
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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.3.6 Cookie O 0 I

CookieUUDOOODOODDOOODOODO:

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.

C3.7 00000

trace0000O0O0O0O0O0O0O0OOO0OO:
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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.3.8 UUencode 0 0 0 UUdecode O [0

wwdO0O0000O000O0O0O00O000O0:

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

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

Modified by Jack Jansen, CWI, July 1995:
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— 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

C39 XMLOODOOODODOOUOOOOO

xmlrpclib00000000000O00O00O00OO:

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.3.10 test epoll

testepoll UOOOOODOOODOOO:

Copyright (c) 2001-2006 Twisted Matrix Laboratories.

Permission is hereby granted, free of charge, to any person obtaining
a copy of this software and associated documentation files (the
"Software"), to deal in the Software without restriction, including
without limitation the rights to use, copy, modify, merge, publish,

distribute, sublicense, and/or sell copies of the Software, and to

(ooooooo)
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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.3.11 Select kqueue

select 0 kqueve 0000000000 DOOO0OODOOODOOOODO:

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

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

modification, are permitted provided that the following conditions

are met:

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

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

documentation and/or other materials provided with the distribution.

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

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

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

C.3.12 strtod U 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:
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/************************************‘k***************************
*

* 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
* 1s included in all copies of any software which is or includes a copy

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

* documentation for such software.

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

* REPRESENTATION OR WARRANTY OF ANY KIND CONCERNING THE MERCHANTABILITY

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

*

************************~k***********~k**************************/

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-coref@openssl.org.

OpenSSL License

/% ==== ==== S

* 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

(ooooooo)
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* 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 us
* 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.

+ 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.

ed to

* 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.

(ooooooo)
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« 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 Jjust the SSL code. The SSL documentation
* included with this distribution is covered by the same copyright terms

* except that the holder is Tim Hudson (tjh@cryptsoft.com).

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

* the code are not to be removed.

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

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

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

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

+ modification, are permitted provided that the following conditions

* are met:

+ 1. Redistributions of source code must retain the copyright

* notice, this list of conditions and the following disclaimer.

% 2. Redistributions in binary form must reproduce the above copyright

* notice, this list of conditions and the following disclaimer in the
* documentation and/or other materials provided with the distribution.

* 3. All advertising materials mentioning features or use of this software

* must display the following acknowledgement:

* "This product includes cryptographic software written by

* Eric Young (eay@cryptsoft.com)"

* The word 'cryptographic' can be left out if the rouines from the library
* being used are not cryptographic related :-).

«* 4. If you include any Windows specific code (or a derivative thereof) from
* the apps directory (application code) you must include an acknowledgement:

* "This product includes software written by Tim Hudson (tjh@cryptsoft.com)"

%+ THIS SOFTWARE IS PROVIDED BY ERIC YOUNG " "AS IS'' AND

* ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE

* IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE
* ARE DISCLAIMED. 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. 1i.e. this code cannot simply be
*+ copied and put under another distribution licence

% [including the GNU Public Licence.]

*/
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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

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-1ibffi:

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

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

the following conditions:

The above copyright notice and this permission notice shall be included

in all copies or substantial portions of the Software.

THE SOFTWARE IS PROVIDED "~ "AS IS'', WITHOUT WARRANTY OF ANY KIND,
EXPRESS OR IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE AND
NONINFRINGEMENT. IN NO EVENT SHALL THE AUTHORS OR COPYRIGHT
HOLDERS BE LIABLE FOR ANY CLAIM, DAMAGES OR OTHER LIABILITY,

(ooooooo)
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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) 1995-2010 Jean-loup Gailly and Mark Adler

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

arising from the use of this software.

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

freely, subject to the following restrictions:

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

2. Altered source versions must be plainly marked as such, and must not be

misrepresented as being the original software.

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

Jean—-loup Gailly Mark Adler

jlouplgzip.org madler@alumni.caltech.edu
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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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