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COC++000 PythonOOO

cOoboooooboooboobooboobPbPython O OOO0OODOOO0OOODOOOOODOOOOODOOO

U000000O0o0o0O00ob0o0o0o0000004d (extentionmodule)y UOOOOPythonOOOOOOO0O
gooo:0obo0ooooogoooboooboooboob0obob cobooooooboDobobooooo
gboboobooooobooboooooo

00000000 O0ODOODODOO0OOdPython API (Application Programmer’s Interface) 0 0 00 OO0 OO
Oo0O00O0O0OO0OO0O00000OOPythonOODOOCOOOOOODODODOOOOOOOOOOOOOOO
OO00000PythonAPIOOODODO "python.h"OOOODOOOOOCOOOODOOOOODO

gbobgobooooboboboooboboboobobobobooboboooo;obobd
gooooooo

11 0000

‘spam’ Monty Python 00000000 O0)0000000000O000O000O0C00OOOO0OCOOOO
000 system() D000 Python 00O DODOO0000D0D0O000O0O0O0'00000 mullOOOOO0O
ooooooooooooooooooboobO0o0oboOo0ooooo0oOooonD pythonOOOOODODDO
oooobooogd:

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

OO0 ‘spammodulec’ OODODOODOO0OODODODOMEDOODOODspa’ OOOODOOOOODO
gboboobooboooboobOoboobOobOob cuoboog ‘spammodulec DOOOO0O0O0OOO0ODOO;
‘spammify’ OO0 00000000 OO00DO0O0OO0ODOO0O0O ‘spammifyc OOOOO00OO)

ugboabooboooboobooboobd:

#include <Python.h>

OO0D00OPython APIDODOOOOO (DDOOODOODOOOODOOOODOOODOOODOODOOODOOOD
OO0)XOPythonOOOOOODOOOOOOOOODODODOOOOOODODOODOOOOODDOOOOOO
ooog ‘Ppythonk’ OODOOO0OOOOOOOCOOODOOOOCODOOOOOOODOOOO

‘Python.h’ O 0000000 0DO0ODO0ODO0ODOODOOOOOOO ‘py 000 ‘PYy 00O0ODOOOO
0o0ooogbooobbobooboboooboooooboobooOopythonD 000D oooooboOooOoO
ddbOd"python.h"O0OOOOOOOOO0O0OOOO: <stdio.h>0<string.h>0<errno.h>000
O<stdlib.h>000000000000000O0DOOODOOO0O0O00ODODOOOOOODOOO"Python.h"

000000000000 000000000000 os00000 —0000000000000000000000000
oooo



O00 malloc () free() OO0 realloc() OOOOOOOOO

O00000D0D0O000000PythonU ‘spam.system(string)’ 00000000 OOODOOO
oo couoboo@ubouoooboboobooboooobobooooboon):

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);

ooodbOpythonOOOODOO(@MOOOODOOO "1s -1mUiO0CcObOODOOODODOOODOOO
O0000CcO00obo0oooDooooDoOog0self 000 argsO0OO0OO00OO

selff 000 COOO PythonOODOOOOO0ODODOOOOOOOOODODODOOOOOODODODODOOOO
gboooooOoooOoobooooobooobooboOosef00O0NLLOOOOOOOOOO@OOOO
gbobooboooobooboboo cooboboooobooooooobon)

args 0000000000 PythonODOODODODO0DOODOODOODOODOOODOOOOOODOOO
oob00o0oo0ooOo0o0obOOo0oO0obDOo0oboboOooooDOobobD pythonODO0O0O00DOOO —COOODOO
O0o0O0o0bOobO0o0ob0obOobOobobOo0ocCcOobuobooobuobouoobUdPython APIOOO PyArg.
ParseTuple () 00000000 OOOCOOODODODOOODOPyYArg ParseTuple() DOOOOO
ooodooooOoooooooooooooooooooooooobD cooooooooooooooa
gooooboobbooooo

PyArg_ParseTuple () UO00O0OO00O0O00O0OOO0OOOO0OOOOOOOOOOOOOOOOOOOO
oooboooooboooob@woo)yoobooooboooboooobooooooobo @o)yooobooo
goooboooboboboobooooboobooboboobob @oooobooDH)ooOg NuLLOODO
gooobooboo

1.2 0000:000000

Python 000000000000 DOOOOOOOODOOOOOOOO:0000O0DOOO0ODOOO0O0
dodoo0dooooDoobooooobOoD @O0 NvLLOOOD0D)DO0O0DOOD0DO0OO0ODOOO0DOODOOOd
0000000000000 oDoooo0o00oo0ooOooDOoD; 0000 NULLOODO0O0O0000
000000000000 oDoo00o00o00oooooOoooonO “000d (associated value)” (raise O
g00O0O0)OoOOooOOOOoOOOODOOOOOoOODOO pythonOOOODOODOODOODOODODOO
0000 (stack traceback) 000000000000 OO0OO0OD0OOODOO PythonO OO sys.exc_typel
sys.exc_value OO sys.exc_tracebackOOOO COOOODO (PythonOOODOODOODOOOO
OsysOOO0O0O0DODODOODOOODODOODOO)ODODODODOODODODODODOODODODODOODOOO
odod0o00ooooOoooUoooooooooooo

Python APIO D00 O0OO0OODOOO0O0ODOODOOOOODOOOOOODOOOOODOD

0000000000000 pyErr_SetString() DOOO0OO0OOODODODOOOOO cCOOOOOO
O000000D0DO000DOPyExc_ZeroDivisionErrorOODDOO0ODODOOODOOOOODOOCOO
oo0oOooOOobO0ooboOobOpPythonOOODOODOOODOODOODOODOD “OO0O”O0DOODOODDO



Ub0b0o0b0dbobd pyErr_SetFromErrno () DO00O00000D0OO0OOO0DOO0OODOOOOO
UobOo0oboool errno000000000000O0O0O00O00O00 PyErr_SetObject () OO0
gboooobobobooboobobobobobooobOoboobo0ob0O0ob0obOob0n0O0n0 py_INCREF()
ugbooaboaaogagod

ubogbobboobodbodbdpyErr_Occurred() DUOOOOOOOOOO0OOO0OOOOO
gbobooobooboobooboobboobbobbooboobd NLLOD0oobooooogn
ubooboobOoboobooooboobOOoboOobO00PryErr_Occurred() UOOODOOODOO
ooooo

U0 gOOOOOfOO0DOO0DOOODOOOODOOOODOOODOOOOODOfOODOOOOO@ODO
NULLO -1)00000000000000O0PyErr_» () OO00OO0OOOOO0OOO0ODOOODOOO
0O —-0000bgOOOO0OOO0DODOOOODODOODOD fODOOOODODOOOOODDOOOOOD
Uo0b00obooooOoO0o0ob0o0obo0o0oboOo0ogn pyErr_ () O0O00OO0OO0OO0OO0OOOOODOO
00 —0oooooboooooobooboobboooboboooooooooooboboobboobobooobooooDoo
OPythonODOODOODOOOODOOOODODOODOODOOODO PythonOOODODOODOODOO Python
gboboobobooooboooobooboooobooo

@oboobepepyeErr_» () DOO00ODOOODOOODOOODOOOODOOOOOODOOODOOODOOODOOO
goboooooboooooooobooooboooboooooooobo0oobo0ooboOgdpyEre () O
gboboobobobooboboobobooboooooooooooobboobooboboDb:- 0000
uboooobooooboboooobooooooboon)

gbobooboboobooobooobooboobooboobooboobOO0obOpyErr_Clear () OODO
oboooooboobobooobooboboooooobobooooobooboooooooboobobooon
gobooboooooobooobboooooboobOoboboooooobooboDH)boooooooooboon
U0000PyErr_Clear () DODOD0OOD0OOODOOODOOO

malloc() OO0O0O0O0DOO0O0O0OO00ODOOOOOOO0OO00OO00O0 —malloc() (OO realloc())

0000000000000 0d0PyErr_NoMemory () DOOOO0O0O0O0COOOO0O0O0COOOO0O0O0OC
00000000000 DOO00DOO000O (@O0 PyInt_FromLong())Od PyErr_NoMemory () OO0
gddb0oodouobooouobobodoboodiod malloc)y DOODOODOOOOOODOO

UO00PyArg_ParseTuple () DODO0O0OO0O0O0OO0OOO0DOOO0ODOO0DOO0ODOO0ODOO0ODOOODOOO
UnxOooogoboooobooooobooooboooobooooobooboooobooog -1
gooooo

obooooooooobooboobo@ooobooobooobooboooooboobooooooOoon
U Py_XDECREF () U Py DECREF () UODOUODO)ODODOOOODOOODOOOOODO!

0000000000000000000000000000PyExc_ZeroDivisionError D0 000
00000000 PythonO0OOOOOODOOO0ODOD COOO0O0O0ODODOOO0O0O0O0O0OOOOO0O0O0OO
0000000000000000000 —000000000000000000 PyExc_TypeError
00000000000000(@00000000PyExc_IOError000000000D0)IOOOOO
0000000000 0PyArg ParseTuple () 00000 PyExc_TypeError 00000000000
00000000000000000000000000000000000000PyExc_valueError
oooooo

obooooooboobooboooooboobobooooobooboboboooobooboobooooooOoOoobon
oooooobooooooboon:

static PyObject *SpamError;

O0000o0bo0o00ooDbOobO (dnitspam()) 000000000 OCO0ODOOOODODOOO (D



gboooboooooboobooobgn):

PyMODINIT_FUNC
initspam(void)
{

PyObject =xm;

m = Py_InitModule ("spam", SpamMethods);

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

Python OO0 ODOOO00O00O0O00O0O0O0O0O spam.erroxr 00000000000 0O0O00O PyErr_
NewException() DO0OOPython DO ODDOOODOODODOO “ODOO0O0ODO”0D00O0O00DOOO
ExceptionO00000000O00DOO00O0O0OO0O0ODOO0O0OCOO0O wLnOdoooboooooooo
oooooo)o

SpamError 000000000 O0O0O0O0O0DOO0O0DOO0O0OO0O0OOOOOOOOOOOOCOODO;00
goboooobogoo!'ocobobooooooboooboboobbo0ooboobobooooooobboooDoOoo
O000000000D0Db000D000000 spamError 0000000O0DOO (dangling pointer) O O O
gboboooobooboobooboboboboobooobooboobOobobobOob0ob000n SpamError
gbooooboboobooobooboooocooooobobooooobobooooobooboooon
gooooobooooboobooogg

Oo000Do0bo0o0ooOobOo0onb pyMODINIT_ FUNCODOODOOOOODOOOODODOO

1.3 0000
00000000000000000000000000000000:

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

O0000000PyArg_ParseTuple () O0D0OO0OD0D0OOO0ODOOODODOOOOODODOOOO
Jooooo (0o ooooooooobbobo)yoooooo
dooooooooooboboboodddoooooooobD comand000000OOOOOOO
000000000 ooDo0ooDoooDoooDoooooooooooooooooooooooog
O0@0O000obo codddn command O ‘const char command’ D000 0OO0O0O0OO0OOOO0O
ooHd

O00000OpPyArg ParseTuple () DOOOOOOODOO UNIXOO system() DOOOOOOOO:

sts = system(command) ;

spam.system() O sts O Python 000 00O0OOO0O0O0O0OODODOOOODOODODODOOPyArg -
ParseTuple () 00 OOO0OO0OOOOO Py_Buildvalue() DOOOO: Py_Buildvalue () DOO0O
oboobOoob chuoobuoobubobb pythonDODODOODODODODOOPyYy_Buildvalue()
ooooboooboooboooboooa



return Py_Buildvalue ("i", sts);

O000000OPy_Buildvalue() DOODOOO0DOOODOODOOOO@UOUOODOODOO PythonO DO
gbooobOoooooobooogooaat)

0000000000000 (veidOOOOOO)OOOOO PythonOOODO NoneOOOOOOOODO
U0O000 NoeneOOOOOOOOOODOODOODOOOOOOOO@MOUDOODO Py_RETURN_NONE [
oooooooboooog):

Py_INCREF (Py_None) ;
return Py_None;

Py NoneOOODO PyhtonOOOOOOOOO NoneOOOOO COOOOOOOOOOOOODOOO
obooboooooooooo0 “bob>00000NLLO0O0OD00D00D0ONone DOOO Python O
ooooboooo

1.4 DO00O0O00O0O0OO0ODOOO0OOOOOOooOg

U00000000000Ospam_system() PythonO0OOOOOO0O0OO0O0O0O0O0O0O0O0O0OOOOOO
Uo00o00Db0o000Db0bbo0bDO0 “0bb00b0b0 (methodtable)’ DO ODODOODOOOOODO:

static PyMethodDef SpamMethods[] = {

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

{NULL, NULL, 0, NULL} /% Sentinel x/
Vi

O0O0000obO0o0o0o0oDbOoD (‘'METH_VARARGS) DODOOOODDODOODOOODODOCOOD
gobooboooooobooboobooobooboooboooobooibd ‘METH_VARARGS' O ‘METH_
VARARGS | METH_KEYWORDS' OUODOUOO;o0OOODO pPyArg_ParseTuple() ODOOODOOODOOO
ugbooaboodd

‘METH_VARARGS' 00O 0O0OO0O0ODOCOOOOPythonOODOODODOODO PyArg_ParseTuple () OO
uobooboooboobooooooboobooboooboooooo;ouoboobooboboooboobooooo
goo

000000000000 bo00o0ob0b00o0b0o0o0b0b0b0000D000dn METH_KEYWORDS OO0
J00doooboooooocoooooon ‘pyobject » DOO00OOOOOOODOOOOOOO
0000000000000 oo00ooDo00ooo0o0oooooDD000DDO00o0DO00dnPyArg.
ParseTupleAndKeywords () DO OOOOOOO

0000000000000 DO000DO000DO00DbO00bO00DO0O0DOO0OD0O0oDOoOOoDooOoOoooOoOon

U00000000 name000000 initname () OO0O0O0O0O0000O0O0DOOOCOOOCODOOOOO
gboooboobooboobobobob staticOO0OO0O0O0DOO0ODOO:



PyMODINIT_FUNC
initspam(void)
{
(void) Py_InitModule ("spam", SpamMethods);
}

PyMODINIT_ FUNCOOOOOODOO voidOOOOOOOODOOOOOOOODOOOOOOOOOOO
U0000000 (inkagedeclaration) D00 O00OO00OD0O0O0 CH+HOOODOOODOO extern "Cc"OO
gbooobooboooobooon

PythonOOOOODOOOD0OO spamO000 import 0000 0initspam () 00000 OO D O(Python
Uooooo0ooooobooooooboooobobob0O0d)initspam() O Py_InitModule () OOO0O
U0 “c0boobooooOor>oobobo@ooobo0dspam" 00000000 sys.modules OO
ooooooobOooooDooboboobOooogD (pyMethodbef UOOOOO)ODODOOOOODOO
uoboobooboooboobooboboobooboobOoOPy_InitModule() DOOOODOO
o0(@obooboobooob)yoobooboooooboooooo0ooO0oo0obOO00dpPy_InitModule()
gboogoboooboobooboobooboobooboooboobobboobobooboboobooboo
ubooobooboooobooobooobooo

Python OO OOOOOOOO _PyImport_InittabOO0O0000000DO initspam() DO0O000O0
initspam () 0000000000000 0O0O00O0OO0O0ODO0OO0O0OO0ODO0O0O0O0OOPyY_Initialize()
0 PyMac_Initialize() DO0O0O0OD0O0O initspam() 000000000 OOOOODOOOOOO
ooodooooooooooooooooooo:

int

main (int argc, char =xargvl[])

{
/+ Python OODOOOOO argv(0] OOO «*/
Py_SetProgramName (argv[0]);

/+» Python O00O00O00OD0OD0OOOOODOOOOO =/
Py_Initialize();

/= 000000000000 «/

initspam();

Python OO OO0 O0ODOO ‘Demo/embed/democ’ DO DO DOOOOODOODOO

O0:00000000 @O0 fork() OO exec() OOODOODOOD)ODOODOODOOD
O000000 sys.module JO0DO0O0OO00DOO0O00ODOOOODOOOODOOO0OD import 0D
booooobobobooobooboboooooobooboobooooboobobooooOoboboooon
Ub00obOoooob0ob0obOOobO0o0o0O0oboobobO0dObreload() DOOOOOOODOOOOODOO
Dooodoooooooodoooon @nitspam()) 0000000000000 O00O0O00O00O0O0C
O0000Do0000000 (UNixDODO “so’OWindows OO “d)DOO000DOOOOO00ODOOOO
gboboobOoboooobooooboobooooono

0000000000000 0PythonOOODOOODO ‘Modules/xxmodule.c’ OO OO0O0O0O00OOO0OO
gobooooooobooooboobo0ooboooboobooobo0oobooOoo0obboobb0O0n Windows
O000000000 PythonOOOUODOO modulator.py U0 DO DODOOOOODOODOODOOOOO
gboboobooboooobooboooobooboboooooboboobooboboooobOobooon
ob0oo0OobobooobOobOooooboboooobOboooboOonoOonnO ‘Tools/modulator/” OO O O
oooooob;00b00000b00000 ‘README OO O0OO0OODOOOODOD



1.5 000000000

oo0obDo0ooooooooooo0oooo0ooooo0o0D:0D000000PytheonDODODOOODO
OO00000D00000000000 (dynamicloading 000000000000 DOOOODOOOO
ooboooobooooooboooobooobooooboobooboo;,obooobobooboOoooboooonoo
o000 @eo0)O0dwindowsUODOOOOOOoOOoOooOobOOoOoOo0 @Go)bobooooooo

oobooooboooobobbooboobbooOoobo PpythonOO00O0OO0O0OOOO0ODOOODOOODO
obooboobooboooooobooboobooboooobooobooobobUNxgboooooo
obooobOobo0ooboobo:00000000000000 (000 ‘spammodulec’))d000000O0O
U000 ‘Modulesy DO DOODOO0OODO ‘Modules/Setup.loca’ 00000 0O0OOOOOODOOOOO:

spam spammodule.o

go0oooooooboobbooooobooOmaked 0000 0O0OO0OO0OOOODOOODOODOODOD
‘Modules/ DO OD0O0OOO0OO0OO make OODOOOO0O0OO00DDO ‘make Makefile’ D000 D0 ‘Makefile’
oboooOoboooobobooooobOo@ooon ssewpr 0000 oOoobOOoooooOonOon)

obooooooooooboobooooboboooobobbobooobobooooobooboonog
goooobooooboobooo:

spam spammodule.o —-1X11

1.6 CODO PythonOOOOOODO

gbooOoO0OO0OPythonOOO COOOOOODOOOOOOODOOOOOOODOOOOODOODOO:COOO
Python OO OO0ODOOO0ODOODOOO0OODOOOO0OOO “ODLOO0O0P000O00ODOOODOODO
ooooooooooooooooo0oooobDoobO coooooooooobDboOooooboOobDOoooon
000000000000 PythonOODODOOOODOO PythonOOODOOOOODOOODOOOOOD
obooboooog;b00b0b0oboooocoobooboboboooooDO pythonOOO0OO0OO0ODOO
gooobooboobooobobbooboooboobobbobooboobooban

O0000O0OdOPythonODOODOODOOODOOOOOOOODOOPythonDOOODOOODOOODOOOO
O0oooooooDooO@eython000ODOOO0OO0O0ODOOODOOOOOOODODOOOOOOODOO
00000 —O0000000000000PythonOOOODOODO ‘Python/pythonmaine OO OO OO0
goooboood-e0nooooooon)

Python OO OO0 0OO0O00ODOOO0ODOOOCOODOO0OOODOOOOOOODOOOOODOO Python
Oo0o0o0oDo0ooooog pythonODOOODOOODOODOOODOOOOOOODOODOODOOO
oboboobooo@ooobooooboooo)boboboobooboooboooooboooobooonoa
oo0o00o0ob0ooobo0oobog pythonODOOODOOOOOOOOODOODOODOOOD —DOOODO
oo0b0o00b0o0 —0b0O00(@OObObDbObO0O0 Py _INCREF() UODOOOODOOODOOONO
gboboobobooooboboooboobooooboboooboobon:



static PyObject »my_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) ; /« 00000000 000Oooooo «/
Py_XDECREF (my_callback); /+« U0OU0O0OODOODOODOOOO =/
my_callback = temp; /« 000000000000 «/

/+x "None" OOOOODODDO «*/
Py_INCREF (Py_None) ;
result = Py_None;

}

return result;

O0000 METH_VARARGS DU 0OD0O0O0OO0DOO0ODOOOODOODOOODOO; METH_VARARGS
oooooobo0ol400 “DO00DOO0O00ODO0O0ODOODODOOOOOOD0DOO0O0DO0OO0PYAXg
ParseTuple () DOOOO0OOO0OO0OO0OOOOO1.700 “0O0b000000000COO0OOOOO00O00
ooood

Py _XINCREF () OO0 Py_XDECREF () U0 OOD0OOOOO0OO0OODOODOOOOODOODOOOOODO/M
gbooobooboooboboobNnngdbgoogoboobobooooboooob(@mobooog
gobOdOrempd NULLOOOOOOOOODOO)YOOOOOOODOODODOOOOODOOOOOLI00O00O ¢
obooooOOoroboooooboon

Ob0obOob0OoO0o0oOooobooooboooob0oOoocCcihO pyEval_CallObject () DOOOOODODO
U0D000bOoooboO:PythonO0O0O PythonODOODOOODOOOO0ODODOOOODOO PythonODOOO
obooobooobooboooooboooobbooobooooboooboobooooboooobooo
O00O0O0O0pPythonOOOOOO0O0O0O0DODDODOOOOOOOOO0OOO;000000000DDOO0O
OO0D00000 (singleton) DOO0D0OOO0O0O0OOPy_Buildvalue() UO0OO0OO0O0OOO0ODODOOOODOO
gboogbgobooobooboboobobooobooobooboobobooboooboboobon:

int arg;
PyObject xarglist;
PyObject =*result;

arg = 123;

/« OO0O0O0O00O0O00000 =/

arglist = Py_Buildvalue(" (i1)", arg);

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

PyEval_CallObject () O Python OO OO0 OOO0OOO0OOCOODODO;O000 PythonOODODODOOO
Jd0d00000PyEval_CallObject () DO0OOO0O0O0O “0DOOO0DODOOO (reference-count-neutral)”
00dooOoObOO0o000oooooObObOo0o0o00oooDooObOoO0o000ooooODbODbOo0oo0o0gg py_
DECREF () OO ODOOO



PyEval_CallObject () O “ODO0O000000000O:0000000000DO0O0O0OCODOODOO
boboobouobobooooboobobooooooboboooooooboooobobooooon
goboobooboobooobooobooooooboobooboooboobboo@uoooboboooDn
ooooohyooooooOobOoOooOoDboboOoD py_ DECREF() UOOODOODOOOOO

Uob0odddgob py DECREF () DOUOODOOODO NULLOOOOOOOOOOOOOOOOOOOOO
ONvLLOOOOOO00O0 PythonOOOOODODODOOOOOOODDOODOOUOOPyYEvVal_CallObject ()
O00000ooooDooOobo0oO pythonOO0O0O0O00O0ODODOOOOOOOODO COOOOODDOD
oooooo pythonOOOOOOOD0OO0O0DOOO0ODOOOOOOOOODOOOODOOOOOOOOODOOO
ooooooobooooooooobooobD python 0000000 0ODOOOOODOODOOODOOODOO
Ubbo00oboobOo0obdbpyErr_Clear () DO0OO0OO0ODOOO0OO0OO0O0OOODOODOOOOOOOO
oooobooogd:

if (result == NULL)
return NULL; /- 000000 =/
..use result...
Py_DECREF (result);

Python OO OOOD0OOO0OO0OOOO0OCOOODOOOOOOOOOODOOOOODODODOO pyEval -
CallObject () DOODOODODODOOOOOOOOOOOOOOOOOOOOOOOOOLOOOODODO
goboboooboboobobooobobobobobooobobooboboboooooobobooo
I A O A e =V
Buildvalue () UO0OO00O0O00OO00OO0ODOCOOOOODOOODOOOOOOODOOOOODOOODOO
gboooboooboobod:

PyObject =xarglist;

arglist = Py_BuildValue (" (1)", eventcode);
result = PyEval_CallObject (my_callback, arglist);
Py_DECREF (arglist);
if (result == NULL)
return NULL; /+ OOOO0O0O =/
/« DO0O000O0oooooooooood </
Py_DECREF (result) ;

‘Py_DECREF (arglist)’ 0000000000 O0DOO0O0ODODOOOOOOOODOOOOOOOOODOO
oboo0!'obobo0oooobO0obobobocobooboobOobo0o0nf: py_Buildvalue() OOOOOOO
gboooboobooooboobooooboooo

1.7 O0O0O0O0O0O0O0OODOODOOOO0OO00O0
PyArg_ParseTuple () UOOOO0OOOOOOODOOOO:

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

U0 agO COOOO PythonODOOOODOODOODOODOODOOOODODOOOOOOOODOODOOO
O0frma:0000000000OPython/CAPIDDODOOOOOOOOOO “0O000O0D0O0OOOOO0
goooooobooooooobobooooobobooooboboobooboboboboobOobooo
gbooobooooboboobooboooon



PyArg_ParseTuple() U Python DO DO 0000000 O0ODOODOOOODOOOOODODOOODOO
PyArg_ParseTuple () DO0O0OO0D0OO0OO0DOO CODOOOODOOODOOOODOOOOOODDOO
uoboobooboo:-0o0obooboobbooobooobooooobooboooboobobooooag
gboooooboooobobooooobooooooboo!

ob0o00bO0o0o00oDO0bO0ooo0oboo0obo0ob0ob0b0 o000 (borrowedreference) 10O 0O0O; 00
ooooooboooobobooooboobooooooboooo!

gbooobooboooooboooood:

int ok;

int i, j;

long k, 1;
const char xs;
int size;

ok = PyArg_ParseTuple(args, ""); /» ODOOO «/
/+ Python OOOOOO: £() =/

ok = PyArg_ParseTuple(args, "s", &s); /+» 000 «/
/* Python OODOODOODO: f£('whoops!’) x/

ok = PyArg_ParseTuple(args, "11ls", &k, &1, &s);
/« 000 long OODOO =/
/* Python O0O0OOOODO: £(1, 2, "three’) «/

ok = PyArg_ParseTuple (args, " (ii)s#", &i, &3j, &s, &size);
/« OO0 int O0O0OO0OO0OD0OOOOOOO0O0O00 =/
/+ Python OUODOOOOO: £((1, 2), ’'three’) x/

const char xfile;

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

/« ODO00O0000000000O000O0000000OoOooog «/
/+ Python OOQOQOQOOO:

f(’spam’)

f(’'spam’, "w’)

f(’spam’, ’‘wb’, 100000) x/

int left, top, right, bottom, h, v;
ok = PyArg_ParseTuple(args, " ((ii) (ii)) (1ii)",
&left, &top, &right, &bottom, &h, &v);
/» QO0Ooo0oooooogg «/
/+« Python OODOODOODO:
£(((0, 0), (400, 300)), (10, 10)) =/
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Py_complex c;

ok = PyArg_ParseTuple(args, "D:myfunction", &c);
/« ODO00O0O0000000O00O0O000000 =/

/+ Python OUODOOOOO: myfunction(1+27j) =/

1.8 OD000O000O0O0D0OO0O000O0OOOO
PyArg_ParseTupleAndKeywords () U0 UOUO0OO0OODOOOOOOOO:

int PyArg_ParseTupleAndKeywords (PyObject xarg, PyObject xkwdict,
char xformat, char xkwlist[], ...);

arg U format 00000 PyArg_ParseTuple () UODOOUO0OD00O0Owdicc DO DODOOOODOOOO
000000000 PythonDOOODODOODO0ODODDODOODOOODO0ODOOOMwIstOODOO0O
o0bO0o0bO000O0oO0oD0oobOo0oO0oONvLLO00O000O0o0DO;00b00000 formar00O0O
gooooOOobOoOooOobOobbooogoo

00000 pyArg_ParseTupleAndKeywords () DO OOOOOO0OOOODOOOOOODOODOOO
ooooooooo

gb0:000000000Db0000000D00b00DO0bo0o0DOD'wlistD D OO0OODOOD
gbboobOobooboobobfOTypeError 000000000000

000000000000 000000000D0OO0DOO0 Geoff Philbrick (philbrick@hks.com) O 0O O
gbooobOooooooboon:

11



#include "Python.h"

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

int voltage;

char *state = "a stiff";

char xaction = "voom";

char xtype = "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[] = {
/* PyCFunction OO0 PyObjectx DOODOODOOOODOODOODO
+ 000000 keywordarg_parrot() DOOOOOOODOOOOO
= gogd
*/
{"parrot", (PyCFunction)keywdarg_parrot, METH_VARARGS | METH_KEYWORDS,
"Print a lovely skit to standard output."},
{NULL, NULL, 0, NULL} /« 0000000 «/
bi

void
initkeywdarg (void)
{
/« DO0O0O0Ooooooooooooodg =/
Py_InitModule ("keywdarg", keywdarg_methods);
}

1.9 000000000

Py_Buildvalue () O PyArg_ParseTuple () U0 OODOOOO0OOODOOODOOOOODOODOOO

goooboog:

PyObject xPy_BuildValue (char xformat, ...);

Py_Buildvalue () O 0PyArg ParseTuple () 0000000000000 O0OCOO0OCOOOO
00000000 (@O0O0000000000000000)00000000000000000000
O0000OO0Python 00000000 COOOOODODOOOOOOOOOO PythonOODOODOOOO

gooo

PyArg_ParseTuple () UO0O0OO0O0ODODODODOOO: PyArg_ParseTuple() UOOOOODODODOO
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ooooooobobD (ython DO ODOOOODODOOODOODOOOODOOOODODO)YDDOPY_
Buildvalue () UO00OO00O0O0O0O0O0O0OO0COOOPyY Buildvalue() DOODOOOOO0ODOOODO
bobobooboobooooobooooboooobooooooobobobobOobOdbONone 00O
ggobobobobdobdoboboobobobobobobobobooooobobobobooyd
oot l1ooobobooobobooooobobooooobooogooo

ooooboob0o0o@ohoobooboboboooobog pythonOOOoOod):

Py_BuildvValue ("") 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 (" (ii)", 123, 456) (123, 456)
Py_Buildvalue (" (i,1)", 123, 456) (123, 456)
Py_Buildvalue("[1i,1i]", 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) (1, 2), (3, 4)), (5, 6))

1.10 DOOOoOOoO

coc+oobooooobooobboooooboboooooboooooboboooooboOoooobOoooD
Ub0o0oooob0oob0O0 cOolbdmalloc() O free() DOOOODOCHHOOOOOOOOOOOO
U0 newd delete 0000000000 O0O0OCODOOO COOOOODOOOOODOOO

malloc () UOUOOOOUODOOOO0OODOODOOODOOODOO free() DOOOOOOOODOODOODOO

gboooboboooboobobboobo0ooobobiodby free() bO0oDOO0ODLOODODOO
dboooobOoboboboobdbOOfree()y D0O0OO0OO0OO0OOOOODOODODOOOOOOODOODOODOO
obooooobobooboooboobobooooooboboooooooOooboobobooobOOobooOoon
U000 (memoryleak)y 00 0000000000000 O00O0O0OOO0OOODOODOODO0ODO free() O
gboboooboboboboboboboobobubbdbbObDmalloc)y 000D OobOOoDOOOO
O00000oDOo0o00o0oDoOoDDOoOb00000DO0Ob0000 (using freedmemoryy D0 D0OOO0ODO
oobooooobooobooobooobooooboooboooobooobo0 —0O0ooobooooobooobooooo
gbooob —o0boobooon

gbooobooobooboobboobbobbobboobooboobboobooboobooboon
ooobooooobooooboooobboobooobooooooobooboooooboooobooooo
oboooooboooooobooooooboboooooboboooobooboooooboOobooOoon
gboboobbdobobobobobobobbobobobobooboboboboboboooboon
googooboooboobobobobbooboooboobooboobooboobooboobooonoo
boboboboboboboboboob:-0o00000000000000b00oo00o00obooon
boooooboobooboboobooobooooooboboOooooobobooooooboobooooon
gbboagbooaboaobooboaboobuoobuooboobooboobobobobboboboaooboo
gboogoobooboobooboooboobooboobooboboobobooboobOooboobooon
gbobooboboooooboobooboboooobooooonoon

Python 0 malloc() O free() OOOOOOOO0ODOOOOODOOODOOOODOOOODDOO
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gboooooboobOoboobooboobbobooo0oboob0obo0ooOoogoDgn (reference counting) U
obooooobooboobooooboooboobo:-obooobo0ooboooooooboooooboOoon
gbobooooboboooooboboooooboboooobobooboobOoboooobOobooon
ubboboboobooboooboobbobbobobooboboobooboobooboabooan
gboogbooobobboobooboooboo

O0000DO0O0O0DbO0ODObDODODOn (automatic garbage collection) 100 DOODOOOO@M@MODO
ooooooooooooooo0ooooo0ooobOoo0oooboOooooDbbo0oooDoboOooooOoboOooo
00 “00 (automatic)’ 000000 00)0000000000C0O0O00O0OO00COO0ODOO00O free()
ocoooooooooooogooooooo@ooooooO0ooooooooooOoooooDoOo —
oooooooooobooooooobo)cooooooooooooboOoOooOobOOoOooooooDoOon
ooooooooobooo0oooooooOoooobOoOoDbOo0oobDOo0oOooDbOOoobDOoOoOooDboboOooo
OO0 (malloc() O free() OO0ODOOO0OO0OO0OO0OO0DOO0 —COOOODOODOOOODOO)DODOO
gobooooobobooboobooogobo cooboobobooobooboooboooboobooooboooDoo
oo0oooo0oooobooooooboooon

PythonO0ODOOOOO0ODDOOOO0ODOODOOOODOOOOODOOOOODOOOODOODOOOOO
OO0O00000 (cycledetector) 1000000000000 OOOO0OOODOODOOOOOOODOOOO
goboooooooobooobooboooooobooobooobo;bo0ob0oobobooboboobOooDboo
oobooooooboooboobooboooooooooobooDbbbboobobOo@ooobDooDoOon)
bobooooboboooooboobooooobobooooobooboobooboOoboobooboOoboOoon
oboooooobobooooobOoboobooooobooboboobooobOobobooobooboOoboOoobn
goooooobooooboboobooogbooooooboobooboboooboobobooooD

00000000 bO00o0oob0oDb00o0ob0bOo00dPythonD0DO0O0OODOOODO (finalizerd ___
del_()0O0OOO0)OOOOOOOODOOOOOOOOOODOOOODOOODOODOOODODOO
0b0obdob0o0o0O0bO0b0b00 gc0000O0 0 @WbOOOO0DODbDUODDOOO0OO garbagedO)o0O
00000gcU0D00OD00ODO0ODO0ODO0ODODO (collect(yUO)OOUOOOoOobUOobUobooboooO
00o00d0ooooooooooooooooooooooooo00oDoooooooooooooooog
O0000;00000bOo0OCO000DOO00OuUNXxXODODODOOD0O0O0 MacOSXDOOOOoOH)oooooo
O configure 0 0 O O 0O O --without-cycle-gc 0 D000 0O0OOOO0OOODOOOOODOODOO ‘pyconfig.h’
0000 WITH CYCLE GCUOUOODUOUOODUOUODODUOUODOUOUODOUODOUObOObODbOObDbOOoboooboo
gcOOOOOODOOOOODOODOOO

1.10.1 PythonOOOOOOOOODOO

Python 0O O0D0O0OO00O00DOCOO0OOO00OO0O0DODOOO0OO0O0DOO0DOODODOOPY_INCREF (x)
U Py_DECREF (x) OOO0O0O0O0OPy DECREF () UO0O0ODOOO0OOODOOOOOOODOOOOODOODOO
gbgboobobobboobuobooobdobdlbifreey boboboobo —0boboood
OO0o0ooboooonDoOog (mpeobjecy DO D ODODODODOOODO (DDODODOOODOO)OODOODOO
gboboobOoboooooboooobooboooooboooooon

U0b0O00000000000000:00 py_INCREF (x) O Py DECREF (x) UOOOO0OOOODOO
gbO?00000000000000000O0000O00O00O00DO00O00000 “D0 (own)”0 OO0
Uo0o0ooDo;,000000000000000000DO0O0O0 ownareference0000O0O0O0O0OODODOO
bobooooboboooooobobooboooobobooooooobooboboooobOoboon
O0000000D0OODOO0O0 Py DECREF() UO0O0ODOOOOO0O0DOOO0OOODOODOOO (transfer)
U0000D0000 (ownedreference) 1000000000 0OD0O0OO0OPY DECREF() UOOOODODODO
gboooboobooobooboobooboobobbobooboobooobo
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0000000000000000 (borrow) 0000000000000 0Py_DECREF() 0000
obooooobooooooboboooooboboooooboboooobooboboooboOobooOoon
goooooobooooooboboooooboboooooboboobooboboboboobDOobooo
oooooooooo?

boboobOoobooboobobooooboboooobobooooboboooboobooboobooonog
oboooobooobooooboobo—0Oo00oboboooboobooobooooboboOooboOobooonoo
gooooooboobobobooobooboboooooobobooobobobooooobobobooooon
boboobOoboooobooboooooobobooooobobooboobOoboooobOoboooon
gbooobOobooooboboooobobooooonboon

Py INCREF () DODOOO0OO0OO0OO0OO0O0OO0OO0OO0ODOO0OOOOOODOOOOOODOOOOODOODOOOOnOO
U000000 —Py_INCREF() DO0O0O0OOOO0OO0OOOOCOOOOOOOOOOOOOOOOOOOO
oobO@ooooboboobooooboobooooobooobooooooboobobOobDoOoDoooDoO)E

1102 ODO0OODOODOOO

uboboobooboooobooboooooobooboooboobooboooboobobooooobOooboooon
gboboobOobooooboboooooboooo

ooooooOooObObbOO0000000000oo00oooooooooooooobOO0oO0gpyInt_—~
FromLong () O Py_Buildvalue () UOUOOO0OO0OO0O0O0O0OOO0OOOOO0O0OO0OOOOOO0OOOOOOO
gbobgoooboobooboobooboobobooboobobooobooboobooboobooon
ODO0oo0odoOooodddodpyInt_FromLong () OO0OOO00OOOOO0OOOODOOOOOOOO0O
obooooOooooooboooooo

PyObject_GetAttrString() 0000000 DOOOOO0OODOOOOODODOOOOODOOOOO
gdobobooodobobuoodouobooobobobooouooboobOUdouOobooouoo
0000000000000 00000000000000000: PyTuple_GetItem()Od PyList_
GetItem()dPyDict_GetItem()OOODO PyDict_GetItemString() OOOOO0OO0OODOODOO
oooooogooooooooo

PyImport_AddModule () UODOUOOOO0OOO0OOOOOOOOOOOOOOLOODOOOOOOOOOOO
gboogboboo:b0bobbobbobbobbobobobbobbobbOobbgd sys.modules OO
gooooooo

0000000000000 O0000O000DO000DO00DO00DO00DO0OD0OO0oDOoOOooDoOoOoooOOon
— 00000000 b000b000b000dnbD py_INCREF () DOODDOOODDOOOODODDODOOODOOO
000000000 0ooOdoU: pyTuple_SetItem() U PyList_SetItem() UODOOOO
0000000000000 0000000000D00000O (takeovery 00 —OO0O0ODOOODODOO!
(PpyDict_SetItem() OOODDODOOOOOODODODODOO —O0OO0ODODOD “0O0O0”0OOO0O)

PythonODO COOOO0O0O0OO0OODOOO0OOOCOOOOOOOOOOOOOOOOOOOOOOOCOD
gboboboooobobooboboboboboboboboboboboboobooooboboba
gbobobobbbobobobobobobobobobob0ob0b0bO0b000O0PY_INCREF ()
gbooooOoboooobooboooood

PythonO0DODOOOODOO COOOOODOOOODOOOODOOOOODOOO —ODOOOODOOO
oboooooooooon

000 “00007”00000000000000000000:0000000000000000000000000000
oooooo

‘0000000 100000000000000000000 —0000000000000000000000000000
gooooooooooooooooooboooon!
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1.10.3 OO

oboooooboobooboboobooboboooooobobooooooboOoboooooooboooooon
gbboobooaboabodabuodaboobuoobooboobooboobobobobobooboboaboo
gboooboooboooon

boboobooboooobooboboooobobooooboobooooboobooooobooboobooonog
UboobO0bo0o0O0ob0obo0o0o0O0bO py_DECREF() DDOOOOOODOO:

void
bug (PyObject *1list)
{

PyObject xitem = PyList_GetItem(list, 0);

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

gobOoOoboO01ist[0]000000D0O0O000 1ist[1] 00 0o000000000000000
gbooobOoboooobboooobobooooboobo?20ob00ooooboOooon!

PyList_SetItem() UOOO0OODOO0O0OODOO0O0OOOO0OOOOOOOODOOOOOOOOOODO
goooooboo1gbooboooboboooo1oocobooboooboboooo 10000000
gbooboobooboboooboboobUd_del__(yOopooobOobOoOobOobOO0ObOOOOO
gobooboooobooobooboobol1oobooooboooboooooboooboooobooboooooon
del ()OOOOOOOOOODOOO

o000 PythonOOOOOO0OOO0O0O_del_ () OOO0OO PythonODOOOOODOOOOODOO __
del ()0 bug() OUOD0OD0O itemO0O00000OD000OODOOO0OODOO?0000!put() 000
O000OU0O_del__()OOOOOOODOODOOOOOOOOdel 1ist(01’00000000O0DDDOD

U0b000obO0000bo0o0obog 1ist(o)gbo0oobooobooobboobboobbogbilist[o] 00
oboooOobooooboboonboobon item00O0O0OO0oO0oOoOoOOoOO0OOOOO

vbobdobobobooooooooooooooooonoobobobooboouobobgobong
gbooobooobooooogb:

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

Py_INCREF (item) ;

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

Py DECREF (item) ;

O00o0DoO0o00ooo0oDboO0o00oDOo0og pythonD0OO0OO00ODOOOODOOOOO__del_
_booooobooooobooboooobooobooobooboo cooboobobooOoooOoboOooobooon
O..

oobooo0oboo0obooobOooboooboooooboooboboobD pythonOOO0OOOOODOODO
googooobooboobooboobooboooboooboobobbooboboobooboooboo
ubooboobOobooboob0o0obOod py_BEGIN_ALLOW_THREADSOUODOUOOOOOOOOO
OOpy _END_ALLOW_THREADS OO UOOOOOOOOO0OO00OOCOOO0OOOO0OO0OOO0OO0O0O0TrITOO0O0O
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goocoboboooboroooooooboooooooboboooobobobooboboooboobobooboOoo
ubobooboboooobooooboobooooobooon:

void

bug (PyObject *1list)

{
PyObject xitem = PyList_GetItem(list, 0);
Py_BEGIN_ALLOW_THREADS
...0ooooooooooo I/0 0000, ..
Py_END_ALLOW_THREADS
PyObject_Print (item, stdout, 0); /* BUG! */

1104 NULLODOOO

gobooooboooboobobooooboboooobobooNnLLdogbobobobobooo
ubooooboooboobooooboobo @oboooobooooboboo)obooobOoooooobo
gboboobooboobooboobobooooobooboooooobobo0o0o NnLLOO00O0ooooon
UbONvLLO00oooobooooobobooooobobooobooboobooboobooooobooobooon
o000 —0000b0oNLLdboooboobboobboobboobboobobooboobooDboo
gooooooo

gbooOdnNvLnO0ooooooboooo “obo0or>ooobooboNLLgoobooooooooaon
000000000000 00O0Omalloc() 0000000 OOODOOOOOOODOOOOODOO

000 py INCREF() OO0 Py DECREF () U NULLOOOODOOOOOOOOOOO —OO0O0ODO
Ub0o00b000000000 py_XINCREF () OO0 Py _XDECREF () UDOODOO0ODOODODO

goooboooboobboobboOobbOon (pywpe_Check())O NULLOODOOOOODDOODOO
U0 —o0obooobooooobooboobooboobboooooooboooooobooooobooooog
oboooooooooobooboobOoNLLO0ooooooooooooooooboboooon
gbboboobobobobbobyNxvrObogooobooobooban

PythonOO COODOO0ODOOODOOOCOOOOOOODOOODOO @DODOODOOD args)0oon
NULLOOODODODO0OO0000000 —000000000000000000000000*

NULLOOOOO PythonOOODOOOO “OO0000000000000000D000O00O0O0O

111 C++00000OO00O0O0O0

cH+000booobooooooboobobooobbooboooooooobobooobooobn (PythonOO
goboo)o cooooooooooooobboooooobooooooobobooobooooboooooobooo
ooooooooboooooobooooobooboo Cc+ooooooboooboobooboooo
gboooboboOoOPythonO0OO0OOD0OO0OO0ODOO0O0O0ODO0O0@UDOODOODOOOOO)OOextern
"cr 0000000000000 o0oob0d0nDdPython000000O00 extern "C" {...} 000
oooobooboo0—oo0n0 ‘__cplusplus’ (D00 CHOOOOODOOOOODODOOODODO
Ubb0)0o0oo0o0obO00000 extern "Cc" (...} 000000CO0O0O0O0OCODOOOOODOODOAO
oooooooooo

400D”00000000000000000000000000000 —0000000000000000000000
gooooo
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112 0JOD0ODO0OOOO0OO CAPIODODOO

O0ooooooooo0oogpythonODDOOOO0O00ODOOOOOODODODOOOOOOOODODOO
gboooooboobobooooobobooooooboboooooboboooobOOobOoboooon
0000000000000 “0cOo0000 (eollection)”’ 00000000000 O0DOO0ODOOOOOOO
Oo0oD0o0bOo0boo0oooooboo cAPIDOODOOD PythonO OO OOODOOOODOODDOO
oooooooooooooooooooOoooobooooooOoo0oo coopooooboboOooooDoO
oood

oboooooboOobooooO0o:-0b0000(@Ob0 staticOOOOO0OODOOO)OO0OOOOOOOO
gbooooooooboocArPIO0O0OO0OODOOODODOOOOOOOOOOODODOODODODODbObDObO
OO PythonO0ODOOODOOO0O0ODOOOOO0ODOOOOOODDOOOOOODODOOOODODOOOO
gboboooobooooooboooooobobooooobobooboobOoboooobOoboooon
gboooobooooobOoboobooobooboboooboOob0obob0;0000000 PythonO OO
gboooboooobooboooboboboob0ooooooboobo0b0o0ooOoDb (000 Windows)O O
uobooobooooboooooobooboooobooooboooobooobbooobooobbo AIXDO
gbooohoooboobooobO@oobo UNnx)Oobooobooooboooooboooboooooo
goooooboooooobobooooobobooooobobooobooobobooooobOoboooon
goooooooooobooooopooo!

googoboooobooobobooboobooboobooboobboobooboobbooboo
oboooooooboooonboon staticOOO0OOOOO0OOOOOOOOODOODOOOOOOOOOO
oobg40D000000)OO00000O0O0O0O0O0ODOOODOOOOOOOOOODOOOOOODOOO0OO0
gboooboooboobooboobooboobooboboobooboobooboobon

Python OO0 OD0O0OD0OO0O00OODO COOODOOO @WOOoO)ooooooooooooooboooo:
CObject DO DD DOOOOOCObject DO OOMO (void+x) DD OOO Python OO DO OO OO CObject O
CAPIOOO0OOOOO0O0ODOO0O0OOO0ODOOO0OOO0OO0OOO0DOOO0n pythonOOOOOOOOOODOOODOO
UbOobOoobobgdcobject 00O OO0 DOODOODODOOOOOOODODOOOODODOOD
D00D0o0oo0oooo0 mport 00 O0O0OO0DOOOOOOOODO CoObjectOOoonooonboOon

O000000o0O cCAPIDDOO0OOO0ODO0OO0OODODDO CovjectO OO OooonoonoooogoD
O00000D0O000000CObjectd00OCObject 000 DOOOO0O0O0O0ODOODOOOOOODODO
oobO0oO0obOcArPiIOOOO0OO0OOO0ODOOOOOOOOO0OOOOOOOOOOOO0OOOOOO0O00O0O0
goooobooboooboobobooboooobooooboboooobobobooboOobooooDbOon

gbooobooobooboobooboobooboobooboobobobobbobbooboon
Oo0o00o0ooo0o0ooo0ooOoooooobooooOoooo0oooo0oOooO cAPIODOOO (OD
OO000O0OooOnO0cCOobjectD0O0D0O0O voidIDOOOODODOOODOOOOOODOOODOOOOO
Uo0000oDoo0booooDooob0mportd CAPIDDOODOOOOODOOODOOODOOODOOODOO
0;00000000000b0gcCcArPID0O0O0O0OD0ODOOOOODObDOODODOn

00000000000000001.100 spam00000000000O0DODOOO0O spam.system()
O0COUO0O0O0O00 system() DOOOOOOOOPySpam_System () DOOOO0OOOOOOOOO
00000000 @UoDOOO0oOo spam”000000O0DOO0OO)OO0ODOOOOODOOOOOOOO
000 pySpam_System () D00 0OO00OO0OO0ODOOOO0OOOOOODOOOO

OO0 PySpam_System () DOOOO0O0ODOOODOODO staticOOODOODOOOO COODOOO
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static int
PySpam_System(const char xcommand)
{

return system(command) ;

}

spam_system () OO0 0000000000 OOOOOCOO:

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

const char xcommand;

int sts;

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

sts = PySpam_System(command) ;

return Py_BuildvValue("i", sts);

gboooboobooooboon

#include "Python.h"

oooooobooon:

#define SPAM_MODULE
#include "spammodule.h"

obooooooooogon

#define 0O ODOODO ‘spammoduleh’ 0000000000000 OO0O0DOOOOOOOOODOOO
gboagbooobboobbobboboboobooboobooboobooboobooobooboon

oooopoobOooogo cAplOO00ODOOOOOOODOOOODODODOOOODODOOO:

PyMODINIT_FUNC

initspam(void)

{
PyObject =xm;
static void xPySpam_API[PySpam_API_pointers];
PyObject =xc_api_object;

m = Py_InitModule ("spam", SpamMethods);

/+« C API OO0OOOOO0ODOOO0O =/
PySpam_API [PySpam_System NUM] = (void «)PySpam_System;

/+« API O0O0O0DO0OO0OO0ODOOODODOO cobject ODOOODO =/
c_api_object = PyCObject_FromVoidPtr ((void =)PySpam_API, NULL);

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

PySpam_API [ staticO00O00O0OO0O0ODOD0ODODODODODOOOO;00000000 initspam()

19



goooboobooobooboboboooboobooooooo!
O00O00O0b0o0oOobDOoboOog ‘spammodule’ OO OO0OO0ODOOOOODOODOOO:

#ifndef Py_SPAMMODULE_H
#define Py_SPAMMODULE_H
#ifdef _ cplusplus
extern "C" {

fendif

/+ spammodule OO0O0OOOO0O =/

/* C API OO =/

#define PySpam_System NUM O

#define PySpam_System RETURN int

#define PySpam_System_PROTO (const char scommand)

/+» C API J0OODOODOO =/
#define PySpam_API_pointers 1

#ifdef SPAM_MODULE
/» 00000 spammodule.c OOODOOOOOOOOOOO =/

static PySpam_System RETURN PySpam_System PySpam_System_PROTO;

#else
/+ 00000 spammodule O API ODOO0ODODOOODODOOOOO =/

static void xxPySpam_API;

#define PySpam_System \
(* (PySpam_System_RETURN (%)PySpam_System_PROTO) PySpam_API[PySpam_System NUM])

/» 0000000000000 -1 DOoOoooboo o goog 7/
static int
import_spam(void)
{
PyObject smodule = PyImport_ImportModule ("spam");

if (module != NULL) {
PyObject xc_api_object = PyObject_GetAttrString(module, "_C_API");
if (c_api_object == NULL)

return -1;
if (PyCObject_Check (c_api_object))
PySpam_API = (void *x)PyCObject_AsVoidPtr (c_api_object);
Py_DECREF (c_api_object);
}

return 0;

}

#endif

#ifdef _ cplusplus
}

#endif

#endif /x !defined (Py_SPAMMODULE_H) =/

PySpam_System () DO O00O00O0O0OO0O0O0O0OOOO0OOOOOOCOOOOOOOOOOOOOO
O0000000000 import_spam() OO0 (OOOO0OO0)O00O0D0OOOO:

20



PyMODINIT_FUNC
initclient (void)
{

PyObject =xm;

Py_InitModule ("client", ClientMethods);
if (import_spam() < 0)

return;
/« O000000000000000 «/

OO0000o0DOooboOobogDOsspammodule’ OO0 ODOOOOODOODOOODOOODOOOOODOO
gbobooboboobooboboooobobooooobooboobOobooooo

OO0O0OCObhectDOOOODOODOOOOOOOODODOOODOOODODOODODODODODOODOO
o0o0obdbO0o0obOo0obOooboboOoobuo0oboboOoOobOoobOoboboOobdg Python/CAPID OO
000000000 “CObjects” 000000 CObjects 1ODDOO (PythonOODDODOODOOODODOOO
OO ‘Include/cobject.h’ 0 00 O ‘Objects/cobject.c’ 00D OO DOOONO
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0d

Juoooudog

OO000O00D0O0000OPythonOODOOODOOOODOOODOOODDO PthonOODODOOOOOODO
ooboooboooOoobooboooooboooobooon pythonOO0OOO0OOOOOODOOODOOODOO
oooooooo

gboogobooobooobooboobuooboobooboobooboobobbobobooboboon
gbobooobooooboobooooboboooooboooobooboooooboooo

O0:Python2200000000000000000CODODO@OOOO)DOOO0OOOOO Python
220000000000O00DO0DOOOOOODOODOOOODOODOOOODOObOODbOOOOO0 Python
gooobooboooooboboooobooooboboooobooo

21 00OOOOO

PythonOODOOOOO0ODOOOO PythonOODOODOOO PyObjectx 0000000 OOODOOPYObject
oboooooboobobooooobooooooobobooooooobobooooobooboooon
U00O00D0O0 (peobjec)D OO OOOOOODOOODOOODOOOOODOOODOOODOODOOODOO
boboobooboboooobooboboooooobooooooboboooooboobobooooo
gboboobooooboooobooobooboooobooboooobobooobOoc¢ch)yoboooooDo
oboobOoooobobOooboocoboobonbonoond (typemethod) D OOOOO [].append 0O
U000 @OobOob0ob0oboobO0oboO0On (objectmethod)) DO DOODOOODOO

gboogoobooobooboobooboobooboobooboobobobooboobooboon
gooo

gboboobOoboobooboboooobobooooboboooooboboooobooboobooonog
oooooobooooooon:

#include <Python.h>

typedef struct {

PyObject_HEAD

/+ Type-specific fields go here. =/
} noddy_NoddyObject;

static PyTypeObject noddy_NoddyType = {
PyObject_HEAD_INIT (NULL)
0, /*ob_sizex*/
"noddy.Noddy", /*tp_namex/
sizeof (noddy_NoddyObject), /*tp_basicsizex/
/*tp_itemsizex/
/*tp_deallocx/
/*tp_print«*/
/*tp_getattrx/
/*tp_setattrx/
/*xtp_comparex/

O O O O O O
N~ S SN S S~ N
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/*tp_reprx/
/+tp_as_numberx/
/*tp_as_sequencex/
/*tp_as_mappingx/
/*tp_hash =/
/xtp_callx/
/*tp_str*/
/*tp_getattrox*/
/*tp_setattrox/
0, /+tp_as_bufferx/
Py_TPFLAGS_DEFAULT, /*tp_flags=*/
"Noddy objects", /* tp_doc */

N S SN S S~ N

~ 0~

O O O O O O o o o

~

}i

static PyMethodDef noddy_methods[] = {
{NULL} /+* Sentinel «/
bi

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

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

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

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

gboogoboooboobooboobuoobooboobooboobobbobbobobooboon
gooooooo

gboooboooooooboooood:

typedef struct {
PyObject_HEAD
} noddy_NoddyObject;

U000 Noddy OODOODOODOO0OOD0 —0O0O00O0DODODO PytheonODODOODOODOOOOD
uboooooobooobooboboooboboooboobooooboooboobooboobooOoon
PyObject_HEADOOOOOOOOOOOOOOOOOO0OO0ODOOOOOO0ODOOOOOODOOOOOODODOOC
ooooooboooOooooooooboboobooooooooboooobo0o0oooooooDO0n pyObject_
HEADOOOOOOOOOOOOOOOOOOOOOooOooooooooboboboboboboboo
boboooboboooobooboboboooooobobooooooboboooboooobOobooo
O00000oooooOO0O00000000oooooo0oooooDoOob0OoO! (Windows D OOOMS
VisualCOOOOODOOOOO0OODOO0O00O00O00O0O00O0ob00000000)

oo0ooo0obo0oooobo pythonDOODOODOOOODOODOOO:
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typedef struct {
PyObject_HEAD
long ob_ival;
} PyIntObiject;

gboogboobooobooboobooboobobbobn

static PyTypeObject noddy_NoddyType = {
PyObject_HEAD_INIT (NULL)
0, /*ob_sizex/
"noddy .Noddy", /*tp_namex/
sizeof (noddy_NoddyObject), /*tp_basicsizex/
/*tp_itemsizex/
/*tp_deallocx/
/*tp_print«*/
/*tp_getattrx/
/*tp_setattrx/
/*tp_comparex/
/*tp_reprx/
/+tp_as_numberx/
/*tp_as_sequencex/
/*tp_as_mappingx/
/*tp_hash =/
/xtp_callx/
/*tp_str*/
/*tp_getattrox*/
, /+tp_setattrox/
0, /+tp_as_bufferx/
Py_TPFLAGS_DEFAULT, /+tp_flagsx/
"Noddy objects", /* tp_doc */

S N NS NS NS S S S NS S ONSoNS S oS

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

}i
‘objecth’ OO 0O OO PyTypeObject DD DDDOOOOODDOOOOOODDOOOODDODOOOO

oboooboooooobooooboobooo cobobobooobooboooooboobooboooooboooonog
gooooobooooobobooooobooooogoo

goooooooooooooooooboooooooooooog:
PyObject_ HEAD_INIT (NULL)

gboboobooobobooooboobooboobooooobooboon:

PyObject_HEAD_INIT (&PyType_Type)

gobooooboooooboobobObypeODOOOODOOODOOOOOOOOODOOCOOOODOO
Ub0b00oooobooooooooboooboobobobO00obO0o0o00o0on0n pyType_Ready () OO0
googooo

0, /* ob_size x/

O0000 ob_sizeOOOOOOOOODOODODODOOOOOOOOODODODODOOOOODOO
O000ooODooO0o0oO00ooo python 00000000 DODOOOOO0O0O0O0ODOODOOOOOODODOO
gbooooOboooobooooobooboooooobon
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"noddy.Noddy", /* tp_name */

gobogoooobboobooboobooboboboobbooboboobooboobooboag
gbooooOoboooogob:

>>> "" 4+ noddy.new_noddy ()
Traceback (most recent call last):
File "<stdin>", line 1, in ?
TypeError: cannot add type "noddy.Noddy" to string

00:0000000000000000000000000000000000000000000
D0000000000000000 noddy 0000000 Noddy 000000 D0OD0O0OO0O0O
noddy.Noddy 10 0000000ODO

sizeof (noddy_NoddyObject), /* tp_basicsize x/

000000 Python O PyObject_New() DOOO0DOOO0O0OO0DOOOOOOODODOOOOOOO
obooobooboooooboon

Ubd:00000000 PpythonOOOOOD0OOO0OO0ODOOODOOODOOOOODOOOOOOOODO tp_
basicsize OOOOO0O0OO0O0O0O0D0O0O0O0O0O0O0O0DOO0O0OO0O0OO0ODOOO0O0O0O0OO0O PythonODOO
Uo0o00boobobl _bases__ 000000 O0ODOOO0DOOOODOODOODOODOODOO
boboooobooboboboooooboobobol _new_O0OO00OO0O0OOCOO0OO0OODOOOOO
000000000000 0000000000b0000 tp_basicsizeOOOOOOOOOOOOO
gbogbooboobboobogbuobiodbudbd objectdbobobooboobobood
googooobooboobooboobooboobooboobobobobbobobooboboobo
goood

0, /* tp_itemsize x/

gboobOoboooobobooobooboooobooooboOoooboobOOobOooooobon

OO0opDOo0o0OO0oOO0oO00ooOoDO0O0O0bOO0O0oDOoODOOO00O0n (flags) 00 Py _TPFLAGS_
DEFAULT OO OOON

Py_TPFLAGS_DEFAULT, /+tp_£flagsx/

goboobooooooooboooboobooboobobooobooDooooDoOo0n PythonOD OO
gbooobOobooooboobooood

0000 docstring 0 tp_docODOODOOO

"Noddy objects", /* tp_doc */

gboooooobooboboooooboboooooobooboobooooobobooboooooooboon
gboboagbooaboaboobuoobuoobuoobooboooboobobobobboobboboboaoboo
gbooobood

gbooboobobobobd Nodday oD oboooooobobobooboobbbooooonoo

26



00o00ooobobob0b0tp_newdO0O0OO0OOOOOOODOOOOOODODOAPIDOODOOOOOOO
000000000 pyType_GenericNew () OO OOOOOOOOOOOOOO tp_newd OO
00000000000 00O000bO000DbO000DbO00bO000bO00bOO0oD0oO0oDoDoOoooOoooOoog
doooobooooooooobbooooooobbo coooooobbooooooboobooooo
0000 tp_newdDOOOODOOODOODOODOODOODOOOPyType_Ready () DOODOOODO:

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

gboobOoboooobobooOoNLLgboooobooooooboooogoo
ob0o0o0O0b000o0O0ob0ob0o0obO0bo0o0o0o0obOobO0binitnoddy () OOODOOODO:

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

Ubo0ob0oO0O0NuLLO000000 ob_type 0000000000 O0DO0O00OONoddy OO
ooood

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

ubbooboobbobboobbobbobbobobdodiONoeddy ODODOODOO Noddy O
gooobooobooooogn:

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

gobooog!oboooboboooooboo0oobooooobboo0oDbo00DOoO0d ‘noddyc 00O
OO00000000D0D000 setuppy DODDODOOODOOOODOO

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

gboocobOobooooobooooboooon

$ python setup.py build

000000000o0b0Obo0oo0DbonoD ‘noddyso DOOO0DOOOO0ODOOOOOOO0DOOOODO Python
O00000D000O4import noddy OO Noddy OO D OOOODOODOOOOODODOODOODO

ooooooooooooooooo?

00000000 NoddyUOOODOOOOODOODODOOOOOOODODOOOOOODOODOOOO
gboboobOoboooooboooobooboooooboooooon
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211 OO00O0OOOODOOODOOOOOOODOO

obooooobooboboooooboobooooooboobooboooboobobooooooboOobOobooon
gbooboobooobouoobbodoboobodobodb noddy2000000000o0nooonogon:

#include <Python.h>
#include "structmember.h"

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

} Noddy;

static void

Noddy_dealloc (Noddyx self)

{
Py_XDECREF (self->first);
Py_XDECREF (self->last);
self->ob_type->tp_free ((PyObjectx)self);

static PyObject =
Noddy_new (PyTypeObject xtype, PyObject *args, 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 x)self;

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

{
PyObject xfirst=NULL, =xlast=NULL, xtmp;
static char *kwlist[] = {"first", "last", "number", NULL};
if (! PyArg_ParseTupleAndKeywords (args, kwds, "|00i", kwlist,

s&first, &last,
&self->number))

return -1;

if (first) |
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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, 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/

bi

static PyObject =

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"

s

29



{NULL} /=* Sentinel «/
bi

static PyTypeObject NoddyType = {
PyObject_HEAD_INIT (NULL)

0, /*ob_sizex/
"noddy.Noddy", /*tp_namex/
sizeof (Noddy), /+tp_basicsizex/
0, /*xtp_itemsizex/
(destructor)Noddy_dealloc, /*tp_deallocx/
0, /*tp_print«*/
0, /*xtp_getattrx/
0, /*tp_setattrx/
0, /*tp_comparex/
0, /*tp_reprx/
0, /*tp_as_numberx/
0, /*tp_as_sequencex*/
0, /*tp_as_mappingx/
0, /*tp_hash =%/
0, /+xtp_callx/
0, /*tp_str*/
0, /*tp_getattrox*/
0, /+tp_setattrox*/
0, /*tp_as_bufferx/
Py_TPFLAGS_DEFAULT | Py_TPFLAGS_BASETYPE, /*tp_flags*/
"Noddy objects", /* tp_doc */
0, /x tp_traverse x/
0, /x tp_clear =/
0, /* tp_richcompare =/
0, /* tp_weaklistoffset x/
0, /% tp_iter =/
0, /* tp_iternext x/
Noddy_methods, /* tp_methods =/
Noddy_members, /* tp_members =/
0, /* tp_getset */
0, /* tp_base */
0, /% tp_dict */
0, /+ tp_descr_get x/
0, /* tp_descr_set =/
0, /* tp_dictoffset «/
(initproc)Noddy_init, /* tp_init =/
0, /% tp_alloc */
Noddy_new, /* tp_new x/

}i

static PyMethodDef module_methods[] = {

{NULL} /x Sentinel x/
}i

#ifndef PyMODINIT_FUNC /% declarations for DLL import/export =/
#define PyMODINIT_FUNC void
#endif
PyMODINIT_FUNC
initnoddy2 (void)
{
PyObject* m;

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

m = Py_InitModule3 ("noddy2", module_methods,

"Example module that creates an extension type.");
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if (m == NULL)
return;

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

d0d0o0ooOOoOO0o00o0ooooobooooooooa
000 include 0O OOO0O:

#include "structmember.h"

0000000000000 D0 inclwde0000000D0OO0OO0ODODOOODODOO

Noddy U0 OOODOODOODOODOODO Noddy DOOOOOOO0OO0OODOODODODOOOO
NoddyType OO OO OO

U000 Noddy OO 3000000000000 000CODODO firstOlastD OO0 number O 00 first O
last D0000D00O000DO0OO0O0ODOOO0ODO0O0O PythonOOOOOnmumber 0000000000

gboboobobooboobobooooobooooooboon:

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

} Noddy;

obooooobooboboobOobooooboobooooboboboboooboboooooboobobooonog
gooobobooooboboooooboboooooobooo:

static void

Noddy_dealloc (Noddyx self)

{
Py_XDECREF (self->first);
Py_XDECREF (self->last);
self->ob_type->tp_free ((PyObjectx)self);

00000 tp_deallocUOUOO0DOO0OO0OOODOOO

(destructor)Noddy_dealloc, /*tp_deallocx*/

00000000000 00000000 PythonOOOODOOOODDOOODDOOODOfirst 0D
U0 last 0000 NULLOOODOOO0OO0OOOODOOO py XDECREF () DOOD0OOO0OO0O0OOODOOOO
ubobooboboubboobiboiD tp_freeODonooobooooboboooboboobooboan
NoddyType DO O0O0OOO0OD0OO0D0OODODOOO0ODO0ODOODOOODOOODOOOODOODOODO
ubooobOobooooboboon

gboboooOoboobooobobooooboboooobobooooboboooooboOoobooonog
ooooogoo:
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static PyObject =
Noddy_new (PyTypeObject xtype, PyObject xargs, 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;

Ub00000 tp_newOO0O0OO0OOO0O0OOOOOODO:

Noddy_new, /* tp_new */

oooOooboooooobOOo0oooOoooo(@oboooobooOo)oobooOoooOOobOOooodPython
00000000 _new_ ()OODODODDDDDODODDOO_new_ () OOOOOOCOCOOOOOOO
O “Unifying types and classes in Python” O 0 O OO0 000000 COOODOOnew OO OOODOOOODODOO
O000o0oooooooooo0o0oooooooo0o0ooDOoObO000000D newOOODO first
D000 last0000O0D0NLLOOOOODOOOODOOOOODOODOOOODOOO0O NULLOD
00000000 COO0000000O0O0OnewdO0O0O0ODODO PyType_GenericNew() DOO0ODOO
O000000OPyType_GenericNew() 0000000000000 O0OCOCOONLLODODODOO

00 newOOOODOO0DO0OOOOOOOD0O0000O000OCOO0O00000000OCOO00000000C0O0
00000000000 0000C0C000000000000new0000000000000000C
0 (positional argument) 0 0 00 0000000000000 00000000000O0OO0O0OOOO0O0O
000000000000000000Onew1000000000000000 tp_allocO00OOO00O
00000Otp alloc0000000000000000000OOO PyType_Ready () 00000
0@O00000 object) 0000000000000 O0D0000OOOOO0O0O0O0ODOOOOO0O
ooooooQ

Ub:000000 tp_new(OUOODOUOD tp_newdOO_new_ O0O0O0OO0O0OO0O0)DODOOOOU
udooooobobooooooboobobooooboooooooooooooooooooboboboobooon
00bO0O00bO0o000O0o0b00O0o0000n0 tp_newdOOOOOOOO0O0O0DO type->tp_base->tp_
newO0OOO0OOODOODOOO0OOO0DOO0OOOODOODOOOOODOOO PythonOOOOOODOO Python O
boooboobobooboobooooboobobooobooobooboo@ouoobooobooboono
Ub00000000 TypeError 0000000000 0OO0OCOOODOO0O)

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

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

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

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

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

}

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

}

return 0;

000 tpe_init 0000000000

(initproc)Noddy_init, /* tp_init */

Python D0 0Otp_init O0OO0O __init_ () OO0OOOOODOOOOODOOOODOOODOD
bbooboobobobooboobooboboboobooboobddnewdDOOOOOODOODODOO
oboooooboooooobooooooboboooooboboooboobOoboooooboOobooon
gboabuoobooobgooobooboobobbobboboobooboobooboobooo

goboooboooooboooboooooogoooooobooooooD0oOob0od__inie__ () ODODO
boboooobobooboboobooboboooboobooboooobooboboooooobobooooon
UbooobO0bO0o00b00obn first000000COO0OO0OOOOOCODOODOOOOODOOO:

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

ooboobooboooooboboobodn first0000D0OO0O0DOOOODOOODOOODOOODOO
obobOobOobOobO0obOobOobOobOooooo0ooooooooobobnoD first 0000000
goooooooboboboobooboboooooobobooooboobooooobobooooon
ooboooooooooobooobooooooobooooooobooobO,00oooooooooboooooboo
ubobooboobooobooboooobooobooboobooooon?

- 00000000 1000000000 0DO0O00OO
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- Jobboobooobboobbooobboobboooboobbooobbooboboo
0'o

- 00000000000000D0000000000 tp_deallocO000000O00O00O0O0OO
00020

obooooOobooboboobOoboooobooboooobobobooobobooooobOobobooonog
gooooboooobobooooboobooooobooo:

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} /x Sentinel x/

}i

JooooboooO tp_membersJO0O00OO0OO:

Noddy_members, /* tp_members =/

obo0ooboooobOo0oboo0ooobob0obOo0ooob0o0obob0oo0obO0o0n0gd doestringd OO0
oooobO«“boboboobobobobor>oobobooooboon

goooboooboOdOpython OO0 000000 ODOOOOODOOOOODODOOODOODOOOODOOO
000000000 fist0D00000 lastOO0O0000O0O000O0DO0O0O0DOOOODOOO0ODO
OO0000 PythonODOOO0D0O0OO0OO0ODOOOO0DOOOODOOODOOOOODOO @hOOOoOOOOODO
oboocuoboobotoboNLLObooooobooobobooobo NuLLOOoo00ooooooooo
goooooboobooboobooooboooooo NnLLogooobooooo

D000 name D0 0000000 DOO0OO0ODOO0O0OCOOODOOOODOOO fistODOODDOO last
gboboobOoboobooboboooobobooooboon

0000000000000 0000000000000000000000000000

2Wereled 0000 0000000000000 000000000000000000000O0 tp_deallocOOODOODO
goooooooooboOoOoO0ooOoO0oOoO0ooOoO0oO0oO0OooOO0oO0oO0OoOoO0O0O0OO0O000O0O0000bOO000000O0O00O0
gobooooooooooooooooOobooOoOoooooooOoOoOobOoOoOooOoOooDOobD
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static PyObject =
Noddy_name (Noddy* self)

{

oood
goooon
goooo

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;

00 COUODbO0b000D0OONeddy (DOODO Noddy OO ODODOO)ODODOOODOODOO
gboooboooboooobobooooobooboboooobooboboooooobooboo
uboboobOoboooobobooooboboooobobooooboboooooboan

obobooooobooobooobooboooboooooboobooobboOon pythonOOO0O0OOOOOODOO

oo:

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

firstU0OUOO lastOUO000O0O00 NULLOOOOOOOOOOOODOOOOOOOOOOO0Od
gobobbobobobobobobobbboboboNLLgbgoooooobbobobobobg

goood

gbbooboobooooooobooboobooboooobOoooboOoboboobobooDboon

gboboobOoboobooboobooboobooooboboooboOoboooooboOooboog:

static PyMethodDef Noddy_methods[] = {

}i

{"name", (PyCFunction)Noddy_name, METH_NOARGS,
"Return the name, combining the first and last name"

b
{NULL} /+* Sentinel x/

OO0 tp_methodsUOOOOOOOOODO:
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Noddy_methods, /* tp_methods */

U000 METH_NOARGS U D UOODOOOOODOOOOOOODOOOODLOODLObOObOOOOObDOooDgg

gooooooobobooooooboobobooooooooobooogoboboooboooooboDboo
gooooobooooobobooooboooobooobooooboooooooobooobooobooooong
000000000000 py TPFLAGS_BASETYPEUOUOOOOOOOOOOOOOOODOO:

Py_TPFLAGS_DEFAULT | Py_TPFLAGS_BASETYPE, /«tp_flagsx/

initnoddy () O0O0OD initnoddy2 () UOUODOOPy_InitModule3 () DUODOUODOUOOOOOOU
gooooo
0000 ‘setuppy OOOOO00OO0ODOOODODODOOODODOOOOODODOOO

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

212 000O0O0ODOODOOOOOO

UbbodbO0ONoddy UDOOOOOOOO firstU lastODUO0OO0O0OO0O0OO0OOO0OOO0OOOOOO
gboboobobobobobobobobobobobioobn first U last0O0OD0OOO0OODOOOOO
gboboooobooooooboooooobobooooboboobooboboooobOobooon
ooooboooono

#include <Python.h>
#include "structmember.h"

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

} Noddy;

static void
Noddy_dealloc (Noddyx self)
{
Py_XDECREF (self->first);
Py_XDECREF (self->last);
self->ob_type->tp_free ((PyObjectx)self);
}

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)
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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
Noddy_init (Noddy =*self, PyObject xargs, PyObject xkwds)

{
PyObject xfirst=NULL, xlast=NULL, xtmp;

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

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

return -1;

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

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

return 0;

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

bi

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

Py_INCREF (self->first);

return self->first;

static int
Noddy_setfirst (Noddy xself, PyObject *value, void *closure)

{
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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 0;

static PyObject =
Noddy_getlast (Noddy =*self, void xclosure)
{

Py_INCREF (self->last);

return self->last;

static int
Noddy_setlast (Noddy =xself, PyObject *value, 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 0;

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} /x Sentinel %/

}i

static PyObject =
Noddy_name (Noddy* self)

{
static PyObject *format = NULL;

PyObject =xargs, =*result;
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if (format == NULL) {
format = PyString FromString("$%$s %s");
if (format == NULL)

return NULL;

args =
if
return NULL;

Py_Buildvalue ("OO",
(args == NULL)

self->first,

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

}

static PyMethodDef Noddy_methods[] = {

bi

{"name",

"Return the name,

by
{NULL}

(PyCFunction)Noddy_name,

combinin

/* Sentinel x/

static PyTypeObject NoddyType =
PyObject_HEAD_INIT (NULL)

0,
"noddy.Noddy",
sizeof (Noddy),

4

0
(
0,
0/
O/
0,
0/
O/
0,
0/
O/
0,
0/
O/
0,
0

I4

Py_TPFLAGS_DEFAULT

"Noddy objects",

I4
’
I4
4

’

O O O O O o

’
Noddy_methods,
Noddy_members,
Noddy_getseters,
4

4

4

O~ O O O O O

4

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

initproc)Noddy_init,

destructor)Noddy_dealloc,

| Py_TPF

tp_trav
tp_clea
tp_rich
tp_weak
tp_iter
tp_iter

{

/*ob_sizex*/
/*tp_namex*/
/+tp_basicsizex/
/*tp_itemsizex/
/*tp_deallocx/
/*tp_print«*/
/*xtp_getattrx/
/*tp_setattrx/
/*tp_comparex/
/*tp_reprx/
/+tp_as_numberx/
/*tp_as_sequencex/
/*tp_as_mappingx/
/*tp_hash =%/
/xtp_callx/
/*tp_str*/
/*tp_getattrox*/
/*tp_setattro*/
/*tp_as_bufferx/
LAGS_BASETYPE,
/* tp_doc */
erse */
r */
compare */
listoffset */
*/
next */
/* tp_methods */
/* tp_members =/
/* tp_getset */
/* tp_base */
/% tp_dict =/

self->last);

METH_NOARGS,
g the first and last name"

/+tp_flags«*/

/%
/*
/ *
/%

/* tp_descr_get =/
tp_descr_set x/
tp_dictoffset =/
tp_init =/
tp_alloc =/
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Noddy_new, /* tp_new */
bi

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

#ifndef PyMODINIT_FUNC /* declarations for DLL import/export =/
#define PyMODINIT_FUNC void
fendif
PyMODINIT_FUNC
initnoddy3 (void)
{
PyObjectx 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 =x)&NoddyType);

first U000 last 000000000000 00C0COO000O00O00O0D000 getter 00O setter J O
Ub0Oo000D000 first O0OO0O0000D0O0O0 (getter)y JO0OO000D0OOO0OO0OO0DOO (setter)

Oo0:

Noddy_getfirst (Noddy =xself, void xclosure)

{
Py_INCREF (self->first);
return self->first;

static int
Noddy_setfirst (Noddy =xself, PyObject *value, void =*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 0;

getter 000 Noddy OOOOODOOOOO (closure)d (D00 voidOOOOODOO)ODOOOODO
oobooOoobobooOooboooboo@boooboooooboodOd setterd geter 10 0O0O0OOO0OOO
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UboboobDooooobobobobgD getterd setter D0 0000000000000 O0O0O0O0O
Uboob00Db getO OO0 set0 000000 O0OO0O0OOOOOODOOOOOO)

setter OO0 Noddy UOO0OO0OO0O0O0DOO0O0OODOOO0OOODOO0DOO0O0O0DOO0OOO NULLOOOO
oboooooobOobOoboboboobooooooboobOoboboooooooboOobobobooon
obooooOobooooboboon

U000 pPyGetSetDef UUDOOODOOO0DOOODO:

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

O00000 tp_getset 0 O0OO0OO0OOODOO:

Noddy_getseters, /* tp_getset */

ubooaod getter O setter OO O OOOOO

PyGetSetDef UNUODUODOODOOOOOODOOOOODOOOODOO0DOO0DOO0DODOO0OD NULL
gooooooo

gbobooboboooboobooooboobooooboon:

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

Vi

Uooobo0 te_initdgoogoooobooboobooboobbobobooboonboo
oooag s

Mirst 000 last 000000000000000000000000000D00000000000000000000000
gooooooooooooooooooooobooboboOoooooooooboOOobObOOOooobooooOoDOObObOOOOOObObOOoOo
goooooooOo0ooooOoO0oO0O0boOoO0oO00bOOOO0OO0OoOOO00O0OOO00O0bOOO0O00OO0000OO0OO00O0COOO0O0C.
gooooooo
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static int
Noddy_init (Noddy =*self, PyObject xargs, PyObject xkwds)
{

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

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

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

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

}

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

}

return 0;

O0O0000b000D first 000 last 000000 NULLOOODOOOOODOODOOO
boboobobooboboobobo N O000000000000000 py_XDECREF () ODOOOO
Py DECREF () DODOOO0OOODOOO0OO0OO0OOO0ODOOOOOODOOOOOOOOOOOOOOOOO0OODn
U000 (deallocator) D0 0000000000 DOODOOOOOOOOOOOOOOOOODOOOOOO
ooooogo

gboogobooobooboobooboobooboobooboobobobooboboobooboon
Uoo00oDbDOo setwppy DOODOOOOODOOOOOOODOO

213 0OO00O0OOO0OODOOOODOOODOOO

Python 0O O0O0O0O000O0O0OO0O0O0OO0O0OOOO0O0OO0DOOOOCOOOOOODOODOOOOODOOOOO
ubboobobooboobooboaboobbboboboobooboobooboabooboboan
goobooooboooboobooobon:

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

oboooooooobooboobOobobobobooboooooooonodelO0OonooOoonDoOon
gobooboooboooboooooboooobooboooooboobo0obobo0oboOg PythonO OO
googobooobooboobooboobooboobooboobooboobobbobobooobo
gooo

Noddy UOUOD0O 20000000first 000 last00000O0O0O0O0O0OO0OOODOODOODOO
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00000000040 0000Neddy 0000000000 0000O0O0O0O:

>>> import noddy2

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

>>> n.first = 1

UobO00boO0o0oO0o0obOo0oobo0od NeddyOOOOOOOOOoOoOooOOoOoOOO0OODOOOOO
gboooooboboobooobbobobooobooboboooooboboooooD 20b000000b000O
googoboobooboobobooobooboobooboobooboooboon:

#include <Python.h>
#include "structmember.h"

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

} Noddy;

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

int vret;

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

}

return 0;

}

static int
Noddy_clear (Noddy =xself)

{
PyObject xtmp;

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

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

return 0;

}

static void
Noddy_dealloc (Noddy* self)

{

4300000000000000000000000000000000000000000000000000000000C
goo0o0o0oooOoO000oOoOo0O00oOoOo0OO00ooO0O0O0oOoOoO000ooOooOoO000n
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Noddy_clear (self);
self->ob_type->tp_free ((PyObjectx)self);

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

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, "|00i", kwlist,
&first, &last,
&self->number))

return -1;

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

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

return 0;

static PyMemberDef Noddy_members[] = {
{"first", T_OBJECT_EX, offsetof (Noddy, first), O,
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"first name"},

{"last",

"last n

{"number

"noddy

{NULL}
}i

static PyObj
Noddy_name (N
{
static P
PyObject

if (form
form
if (

if (self
PyEr
retu

if (self
PyEr
retu

args = P
if (args
retu

result =
Py_DECRE

return r

static PyMet
{"name",
"Return
}I
{NULL}
}i

static PyTyp
PyObject
0,

T_OBJECT_EX, offsetof (Noddy, last), O,
ame"},

", T_INT, offsetof (Noddy, number), O,
number"},

/* Sentinel =/

ect «*
oddy* self)

yObject xformat = NULL;
*args, *result;
at == NULL) {
at = PyString_FromString("%$s %s");
format == NULL)

return NULL;

->first == NULL) {
r_SetString (PyExc_AttributeError, "first");
rn NULL;

->last == NULL) {
r_SetString (PyExc_AttributeError, "last");
rn NULL;

y_Buildvalue ("OO", self->first, self->last);
== NULL)

rn NULL;

PyString_Format (format, args);

F(args);
esult;
hodDef Noddy_methods[] = {
(PyCFunction)Noddy_name, METH_NOARGS,
the name, combining the first and last name"
/+ Sentinel =/
eObject NoddyType = {

_HEAD_INIT (NULL)
/*ob_sizex/

"noddy .Noddy", /*tp_namex/
sizeof (Noddy), /*tp_basicsizex/

OI
(destruc
0,
OI
OI
0,
OI
0/
0,
OI
0

4

/xtp_itemsizex*/
tor)Noddy_dealloc, /*tp_deallocx*/
/*tp_printx*/
/*tp_getattrx/
/*tp_setattrx/
/*tp_comparex/
/*xtp_repr*/
/*tp_as_numberx/
/*tp_as_sequencex*/
/*tp_as_mappingx/
/*tp_hash =/
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0, /+tp_callx/
0, /*tp_str*/
0, /*tp_getattrox/
0, /*tp_setattrox*/
0, /+tp_as_bufferx/

Py_TPFLAGS_DEFAULT | Py _TPFLAGS_BASETYPE | Py_TPFLAGS_HAVE_GC, /xtp_flagsx/

"Noddy objects", /* tp_doc */
(traverseproc)Noddy_traverse, /* tp_traverse x/
(inquiry)Noddy_clear, /* tp_clear =/
0, /* tp_richcompare =/
0, /* tp_weaklistoffset =/
0, /* tp_iter */
0, /% tp_iternext =/
Noddy_methods, /* tp_methods */
Noddy_members, /* tp_members =/
0, /* tp_getset =*/
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 x/
Noddy_new, /* tp_new %/

}i

static PyMethodDef module_methods[] = {

{NULL} /+* Sentinel «/
bi

#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 x)&NoddyType);

traversal 1 0000000000000 OOO0O0O0OOO0OOOOODOOO0OOOOO0OOOOOO0DOO00:
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static int
Noddy_traverse (Noddy =xself, visitproc visit, void =xarg)

{

int vret;

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

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

}

return 0;

O0000000D000000D000000D0O00000DOwaversal 00000000 visit()
U0000000visit() O00OD0O0000000O0COwaversalDO0OO0O000O00O0OO0O0O argO O
gbooooboobooobobooooboooooboobooooboobooboooooono

Python24 00 000vist D0 OD0DO00O0O0OOOOOO py_VISIT() UOODODOODOOOOOOO Py_
VISIT() DO0O0O0ONoddy_traverse () DOOOOOOOOOOOO:

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

Py_VISIT (self->first);

Py_VISIT (self->last);

return 0;

O0:00:tp_traverse0UO0O0O Py VISIT() UDOODOOOO0O0OO0O0OO0 visitOOO argO 0O
gboobOooboooooboboooobobooooobooooboobooooobOoooooOoo

oobooobooobobooboooboooboooboboobooobooobooooobooboobooDbon
goooobooboooooboobooooooooobobooooboboooo:
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static int
Noddy_clear (Noddy =xself)
{

PyObject xtmp;

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

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

return 0;

}

static void
Noddy_dealloc (Noddy* self)

{
Noddy_clear (self);
self->ob_type->tp_free ((PyObjectx)self);

Noddy_clear () DO00OO0O0ODO0OO0DOOO0OOOOOCOOOODOOOOOODDOODOOOOODOO
uoboooboboooboooobboooNLLobooobbooooooobooobooobbooooog
gboboooobooooooboooooobobooooboboobooboboooobOoboooon
ooooooooboobooooooboooooooboooobooooooboooobooooooooon
oobooboooobooobooobooobooooobooobooooooooOooooooboOoboooooDoo
U000 tp_traverseO00O0O0OO000OO0O0O0OOOO0OOOODOOO0OOODOOODOOODOOODOOO
000000000 NuLLO0OOO0O000000 Noddy_traverse() DOO0OOO0OOO0O0OO0ODOO

Python24 0000000000000 0O0O0O0DOOO0O0O0O0OOO py_CLEAR() DOOOOOODO
U0 Py _CLEAR() D0OU0ODOONoddy_clear () UOOODOOOD0OO0DOODO:

static int

Noddy_clear (Noddy =xself)

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

U0000Py TPFLAGS_HAVE_GCOUOUODOOOOOOOODOOODOODO:

Py_TPFLAGS_DEFAULT | Py_TPFLAGS_BASETYPE | Py_TPFLAGS_HAVE_GC, /+tp_flagsx/

U0b000000tp_allocU000000O0 tp_freeOOOOOOO0ODOOOOO0ODOOOODOOOODOO
bobooooobOoboboboboooooooobobobobobooboooooooboobOoDbo
ooooboooon

48



22 ODOODOOOO

boboobooboooboooobooooooboboooboobobooboobOoboooobOoboooon
goood

000 pyTypeObject DD U00O0DO0OOOOOODOODOOOOOOOOODOOODODOOOOOO
oo:

typedef struct _typeobject {
PyObject_VAR_HEAD
char xtp_name; /% For printing, in format "<module>.<name>" =x/
int tp_basicsize, tp_itemsize; /* For allocation =/

/+ Methods to implement standard operations =/

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 xtp_as_sequence;
PyMappingMethods *tp_as_mapping;

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

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

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

/+ Flags to define presence of optional/expanded features =/
long tp_flags;

char xtp_doc; /% Documentation string =/

/* Assigned meaning in release 2.0 */
/+ call function for all accessible objects x/
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 x/
long tp_weaklistoffset;

/* Added in release 2.2 */
/* Iterators =/
getiterfunc tp_iter;
iternextfunc tp_iternext;
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/+ Attribute descriptor and subclassing stuff =/
struct PyMethodDef xtp_methods;

struct PyMemberDef xtp_members;

struct PyGetSetDef *tp_getset;

struct _typeobject xtp_base;

PyObject =tp_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 =/
inquiry tp_is_gc; /x For PyObject_IS_GC =*/
PyObject xtp_bases;

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

PyObject *tp_subclasses;

PyObject xtp_weaklist;

} PyTypeObject;

oboobooooboooboooooooboobooobooboobooboooboobooboOoon
gboboobOobooooboboooooboooooboobooo

obooooOoboooboobOoobooooboboooobobooooobooooooboobooonog
gboooobooboboooooooboobobooooooooboboboobooboobobooooon
gooooooobobobooooboboooooobbooooDoobobOoooobobooooo
gbooooobobobooboobobooooobooboobooooobobobooooobobooooon
oooooo@oooboob obOOobObOOobOOoOOO)bOO0oOoOOoOoOoOoobOOoooOoOoboboOobooono
ooooboooo

char *tp_name; /+ 000 =/

googoobooobbooboobooboobbobboooboobooboobooboobobo
gboboobOobobooboobooobooboboooooboboooobooooboOooboon

int tp_basicsize, tp_itemsize; /+ OOOOO «/

gboboobOoboooobooboboooobobooooboboooooboooooobooboobooonog
obooooooboobOoOodpythonODOO00OOO0OOOO@ODOOOOOOCOCODOOODOOOOO)DO
U00oobooob0o0oooboob0ob0bboO tp_itemsizeJOO0OOODOOOOOOODOOODOO
gooooooo

char xtp_doc;
0000 PythonOODOOOOODOODO obj.__doc_ _Odocstring0 00000000 @ETOOODO

ooooOo)boooooo
obooobOobooooboboooooboobooooboobooooboboooooboooon
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2.2.1 000 (finalization) 0 OO

destructor tp_dealloc;

oboobOoooooOOobOoobOobooboOodpythonOO0O0O0O0OO0O0OO0OO0OOODOOOOODOOO
oooobooooobooobooooobooobooboooboooboobobooooooooooooOooobobooo
bbooooooboboooooooboboooooboobobooboboooooboobOoboboooon
obooobOoboooobobooon:

static void
newdatatype_dealloc (newdatatypeobject x obj)
{
free (obj->obj_UnderlyingDatatypePtr);
obj->ob_type->tp_free (obj);

gbobobobobdobobooooooooooobobobooooooooooooonoong
Uo0 PpythonODOODOODOOOOODOODOOOOODODOOOOODODOOOOODODOOOODO (O
uoboobooooobo)ooboobooobooboooooooooobooboOooooooo
Uob00o0ooOo0oooobO0oobO0oobobOooobooobOoobO0oobOOon0 pythonOOO0O0OO0O0O0OO0ODOO
gboogobooobooboobooboobooboobooboobooboboboboboboboobo
bobooouobobobobooboobooooooobobooooboboobooooobobooooon
goboobooboobooboooobOooboob0ooboboDbO0l pyErr_Fetch() OO0 PyErr_
Restore () U0 OUOOOOOOOOUOOOUOOOO:

static void

my_dealloc (PyObject =xobj)

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

if (self->my_callback != NULL) {
PyObject xerr_type, xerr_value, =xerr_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 () ;
else

Py_DECREF (cbresult) ;

if (have_error)
PyErr_Restore (err_type, err_value, err_traceback);

Py_DECREF (self->my_callback);

}
obj-—>ob_type->tp_free ((PyObjectx)self);
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2.2.2 Object Presentation

Python OO0 OO000OODOOOOO00O0DOCOOOOO030000000000:repr() 00 @OOO
Uo00O00obo0obooO0ooboobo0oO)bo00ob00str () D00000000D00 printd0000
Ub00ooooooboobooboodD print 00 str() DO0OD0OO0OO0OO0OODOOODOOOODOOOO
U000 rILE«0000O000OCOFILExDOO0OCOOO0DOOOOOOODOOOOOOODOO0O0O0O0
gboboooOoboooobooboooooboobooooooboboooboobOobooooobOoboooon
ooooooboooooboon

ugbbooobboaobobooobbooobooobbooobiDd tp_str 00000 tp_
repr 000000000 0O0ODOOOOOO

reprfunc tp_repr;
reprfunc tp_str;
printfunc tp_print;

tp_repr0000000O0O0O0O0COOOOO0DOOODOOCOOOOODOOOOOOODOOOODOOOO
gooobbooooboboooboobooon:

static PyObject =
newdatatype_repr (newdatatypeobject * obj)
{

return PyString_FromFormat ("Repr-ified_newdatatype{{size:\%d}}",
obj->obj_UnderlyingDatatypePtr->size);

tp_repr 0000000000000 O0OO0O0OCOO0OOO0O0O0O tp_nameO0O0O0O00O0OOO
oboooOoboooobooboooooboooon

tp_str 00000 str() DO0O0O0OODO tp_repr 00000 repr() OOOOOO0ODOOOOO
O00o0Od pythonDODODODODOODOOODOOODO0ODOOD str() OD0DO0ODDO0ODDODODODO
O0D00000000 tp_repr 000000000 DOO0O0ODOOODOODOOODOOODOODODOOO
000000000 0D0Dtp_str000000DOOCODOO0OODOOD tp_repr00000DO0ODOO

ooooboooog:

static PyObject =
newdatatype_str (newdatatypeobject * obj)
{

return PyString_FromFormat ("Stringified_newdatatype{{size:\%d}}",
obj->obj_UnderlyingDatatypePtr->size);

print 00000 Python OO OO OO0 O0O00ODprint 0000000000000 OOODOOOO
OO0 'node’ 0 TreeNode D0 00000000000 0print 00000 PythonOOOOOOODODODO
ooooo:

print node
flagsUO OO Py PRINT RAWOUOUODOUOOOOOOODODOUODODODOOOOODODODODOODODOOOODO

gboooboooboobooboobooboobooo
OO0 print OO0 FILEx U0 ODOOD0DO0ODOOCOOODOOOOOODODOODOODOODOODO
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gooo
print 000000000 0O0O0OODOO:

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->o0bj_UnderlyingDatatypePtr->size);
}

return 0;

223 0O0O0ODODOOO

gbobooooboboooooboooooobobooooobobooooboobobooooobOoboooon
gbooobooooobooboooooboooboooooboooobo(@oobooboboooon)oDbo
gooooooogoobooogo@uoboooooboboo)booooboboooooboobDobobooDo
uboooboooobooboooobobooooob NLLgooooog

PythonO 2000000000000 000DOOOOO0O0OO0ODOOOOODOOOOOODOOOOO
oobOo000o000O0o0bO00bb00b00o00n char»000000O0O00OO0OOOOOODOOODOOO
OO0 pyObject« 00 000O0DOO0O0OODOOOOODOOOODODOOOOODOOOODODO
ooood

getattrfunc tp_getattr; /+ char = OOQO0O0O =/
setattrfunc tp_setattr;

[k oo x/

getattrofunc tp_getattrofunc; /+ PyObject » O0OOOO =/

setattrofunc tp_setattrofunc;

gbooooooooobDobobobob(@uobooboooboO)yoobooooOooObDUOPpyObject*
0000000 000D0O0000D000 (generic)D00000D0DODODOOOOODOOOOODODO
OO00000 Python2200000000000000000000DOO0O0O0ODOOOOODOOOODO
obobooOooooooobobooobooooooobooooobooon

obooooobooog

2200000000000

oboobooooooooooooooooboboooooooooooooooboobOobooOooo?D
gooooboobooooboooon:

1. PyType_Ready () 000000000000000000000000O0

2. 0000obo0ooobogoboobobooobooooooooooooooOoobOooooboboobobooo
ubooobooboobooboobooooobooooogan
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gbobooobooboobboobooboobboobbooboobobooboobobooobbon
bobooboboooooboooobobooooobouoooboboooboOooboooon

PyType_Ready () D0 D0O0O0O0OOO0ODODOOOO0OOOOODODOODODOOOOO 3000000OO
000000000000 DOO0DO0O0OO00bOO0ODOO00bO0 ObOOoobOoooobOobDoOobOOoooOooaoa
do0odoooooOoooOOooDOo0oOo0o0oooooooooOoooDOoooooooooooooaon
odoodo30000oNLLO000000O0OO0000000D0O0OO0000oooooooooad
O000000000tp_getattrod OO tp_setattro NULLOOOOOOOOOOOOOOOOO
do0odoooooooooon

obooooOoboooooboobooo3booooobooooooboon:

struct PyMethodDef xtp_methods;
struct PyMemberDef x*tp_members;
struct PyGetSetDef xtp_getset;

tp_methods 0 NULLOOOOUOOUODOO PyMethodDef 0O DOOO0O0ODOOO0OOO0OOO0O0OO0OOO
goobOooboooobooboooboobooooboboooobooboon:

typedef struct PyMethodDef ({

char *ml_name; /= 00000 =/

PyCFunction ml_meth; /« 000000 =/

int ml_flags; /« OO0 =/

char *ml_doc; /* docstring =/
} PyMethodDef;

goooooooboboooobobooooooobooboboooooobOooobooobooDboOooD
uboboobooboooboobooboooooobobooooboobobooboobobooooobOoboooon
OO0 entineh 00000000000 0000O0O0000C0O0O0mML_namedJ 00O sentinel D000
gboocooOobONLLooobooogooano

2000000000000D00DO00DO0DO0ODODO0ODODOOOOOOOOODOODOODOODOODOO
gooooboobo cooboboooboooooobobooobOoooooobooooboboboDo
gboboobObooooboobooboobobooooboboooboobon:

typedef struct PyMemberDef {
char xname;
int type;
int offset;
int flags;
char «doc;
} PyMemberDef;

gbooobOobobooboobobooooboboooobobooooboboooooboboobooonog
00000000000 0000O0typeO0O0DO ‘structmemberh> DO00OO0O0O000O000O0O0O0O0O
oobooobooooooobooboobD pythonOD0O00O00 COODODOODOOODOODOODOO
bobOdbO000flagsO000000OO0O0ODOOO0OOO0OOOODOOODOOOOOOOODOOOOOOOO
ooooooo

0000000000 ‘structmemberh’ OOO0OO00O0OO0O0O0O0OOOO0OO0OOROOODOOOOO
googooo
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Constant Meaning

READONLY oooooooooo

RO READONLY OO O OO

READ_RESTRICTED JOggg (restrictedmode) O OO OO OOO
WRITE_RESTRICTED 00000 (restrictedmode) OO OO OOOO
RESTRICTED 00000 (restrictedmode) DD OO OO0OOOODODO

tp_members 0000000000000 O0O0O0O0OOOOOOOOOOOOOOOOOOOOOO
goboobooooooboobo0ooboo0ooobo0ooo00oDbD00bb0obnbd doestring 000
ubbooboooobobooooboobooboooobooooboooobo APrObOooooon
0000000000000 0D00000000 _doc__ 000D000O0 docstring0 000000

tp_methods 000000000 000O0O00 name 000000 NULLOOOOOOOOOOOOO
oooo

ooooooboooooon

U0000000000000 charx0OOO0OO0OO0OOO0O0O0OOODOOO0OOOname00O000000O0O0O
U00000000 char« 0000 PyObject- 00000000000 DOOOOOOOOODOODOO
O00000000000000000O0Python22000000000000000000O0O000O00OO
obobOoboobooboo2000000000000000000000000O00000A0 Python
gbboagbooaboaboabuoaboobuoobooboobooboobobobobobooboboaoboo
googoooboobooboobooboobooboobooboobobobobbobobooboo
googoo

tp_getattr 000000000000 OO0OOOOO0ODOOODOOOOOOOOOOOOOOOCOOD
OO0 __getattr__ () OOO0OO0O0OCOO0OO0OOO0OCOOOOOOOOOOOOOOOOO

oO0ooobOoobooboobOo@ obObOob (0000 newdatatype_getSize() O
newdatatype_setSize () ODD0DOO00O0OQR)ODOO0ODOOOOOODOOOOOODOOOODDOO
000 3@oO0O0000000boo0dD getatr DOOODOOOODOODODOOOODODOOODOOOO
O00000 tp_methodsOOOOOOO0OOOOODOOOOO

ooooboooog:

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, 0, NULL} /+« 000 «/

}i

static PyObject =
newdatatype_getattr (newdatatypeobject xobj, char xname)

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

tp_setattr U0 U0O0O0OO0OO0O0O0O0O0O0O0O0O__setattr__ () OO0 __delattr__ () OO0
odoooooboooboooooobooooooooooooooooo30o0o0oooood NuLLd
goboodoboboobboouboobobo0bbo0obobDbo0bDbo0obbO0o0ObbOOoU0ObDDEp_
setattr 00000 NULLODODOOOOOOO
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static int

newdatatype_setattr (newdatatypeobject xobj, char xname, PyObject =v)

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

224 0O000ODOOOOOO

cmpfunc tp_compare;

tp_compare 0000000000000 0ODOO0ODOO0ODOOOOOOOOOODOOODOOODOOO
gddbodobooboouoodobooboouoodobuob oo booo@oUuobooo
O0000O0OPyObject_Compare() OO0 PyObject_Cmp () DOOOOOOOOOOOOOOOO
00000 PythonO cmp () 000000000000 OODOOO)0O00 _cmp__ () OODOOOODO
O000obOooognebhjldoepj20 000000000 -10000ODO0O0ODODODOD oDODOO
Oobjl0Oohj20 000000000 100000000000 DDODODODOODOO0ODOOODOODOOO
0000000000000000000Python22000000000000000000O00O0O0OOO
Odd000dUo0ooouUoooouooooooooon)

tp_compare U0 0000000000000 O0O0O0O0O0O0OO0OOOOOOOOODOOOOOOOOO
Ub000000 pyErr_Occurred() DODODOOO0OO0OO0O0OO0DOO0DOO0O0DOOO

gbooobooobodon:

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

long result;

if (objl->obj_UnderlyingDatatypePtr->size <
obj2->0bj_UnderlyingDatatypePtr->size) {
result = -1;

}

else if (objl->obj_UnderlyingDatatypePtr->size >

obj2->obj_UnderlyingDatatypePtr->size) {

result = 1;

}

else {
result = 0;

}

return result;

225 000DO0OO0ODOOOOOO

PythonO0OOOODO ODOOO" ODOOOO” ODODOOOOOOOOOOOOOOODOOOODODOO
UO0D0000O000 Python/C API Reference Manual [ [ Abstract Objects LayerD D 0D 0 OO0 0000000

gboooboooobooboobooobobppython 00000000 ODOOOOODOOOODOOO
O0o0o0o0ooDoO0o000ooooDoOo00oooDoOb0O00o0ooDon PythonOOODDODOOODODO
obooooobobooooobobooooobobooooboobooooboOoboboooboOobooOoon
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gboooboooboooboobooboobooboobooboobobobobobooboboobooboo
ubobooboobooobooboobooooooboobooooboobooboooboobobooooobOoboooon
gboooooboobobooooobobooboooobobooooooboboobooobOooboooon
gobooooooboooobooboooboobb@obooooobooboobbooboooboon 0 NuLL O
goobooboobooboobboobooboobooboobooobboobooboobooon
gbooobOoboooobooboooooboan)

PyNumberMethods tp_as_number;
PySequenceMethods tp_as_sequence;
PyMappingMethods tp_as_mapping;

dodooooobodoodoooobbooooooooobbboooooo oo oooooOoooo
000 CO pyNumberMethods OO0 OPySequenceMethods 0000000 PyMappingMethods
goooooobobobbboobbobtbodooooobobobobbbodoooooboobobobooogo
OO PythonOODOOODOOODO ‘Objects’ DO O0ODOOODOOOOODOOOO

hashfunc tp_hash;

ooboooooobooobooobobooobooboooboooboboobooobooooboobooobooooon
gooooooooobooobog :

static long
newdatatype_hash (newdatatypeobject *obj)
{
long result;
result = obj->obj_UnderlyingDatatypePtr->size;
result = result * 3;
return result;

ternaryfunc tp_call;

oooboboooooooobooboooooooOoboooooobooboo0oooobooo0obo0o0o0onoo0n objl
O000oo0obo0O0o0000D0O0O00OPythonOOOOODO objl('hello’) OOOOOO0O00DODO tp_call
gbooobooobooo

ooooo30b000000D00:

l.argl OOO0OO0ODOOO0ODODOO0ODOODODO0ODODODOODODUOOODDOODODODOUODDOOO
O objl('hello’) O0O0OOargl 0 objl O0O0OOOO

2.arg2 O0O0DOO0ODODDODOO0OO0O0OO0OO0OO0OD0OD0ODODU0ODDODOOUODODODDODOODODDOOOO PyArg -
ParseTuple () DOOODOO

3.arg30000000CO0OOOOOOOOODOODO NULLODODOODODOODOODOODOOOOOO
OO00OPyArg_ParseTupleAndKeywords () D0 OUOOD0OOODOOOOOOOOOOOODOOO
ooobooooobobobooNwLLodgboboooboboobooooboboonooooo
0000000 TypeError 0O O0O0O00OO0ODO0O

oboOob0OcalOOOOOODOOOOODOOOO
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/x call OOOOOO
* objl : DOUOOODOOOODODOOOO
* obj2 : DDOOOODOOOODODOOODDODOOODOOOD 3000000
*/
static PyObject =
newdatatype_call (newdatatypeobject xobj, PyObject xargs, PyObject =xother)
{
PyObject #*result;
char xargl;
char xarg2;
char xarg3;

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;

/« O0O04O0O0Q0 2.2 O0O00O0O0O «/
/* Iterators =/

getiterfunc tp_iter;
iternextfunc tp_iternext;

obOoboooooooboobooboobooooooobobbooooboooobooo@ooboooobon
gobooboooooooo)oboobo@obo:boboboooobboobobobooobonDH)boo
U0b000bO00b0O00b00000tp_iterd0000000DO0O0DO0O0ODO0ODO tp_iter00onn
U000000000000D0 tp_iterd tp_iternext 000000000 OO0OCOODOOODOO
ubbooboobooboobboobooboobooobboobobooboobboobboann
gooobooboobooboobNxLngoogobooboog

goboobooboboooooobboouoboobOtpe_iterobooobOoobOoOoOOOODO
gboooooooboboooooooboboboooooobooboOobOobooobooobOoboOoon
oboobooooboboboobooooobooooboo(@uobooooboooo)booboooo
gooooooogoobooogooooboobooob @ooooobooboobooOH)obobooboobooDbo
ubbooboooobooboooooobooobooboobobodbOl tp_iternext 0000000
gbooobOoobooooboooobooboooobooooobooobooooono

obOobOooooobOobOo0ooooobOobobOooobobo0ob0dO0tp_iterd0ooooooOon
oobooboooooobooobO@Wobooboob0o0ob0o0obO0o0obbO00DO00n tp_iterd
O000000)tp_iternext 0000000 O0OOOOODOOODOOODODOOODOODOODO
uobbooboobooboooboobooboNLLdb00g00o0o00d stopIterationOO
booooooooboobobooooooooobooboboooooooboooboobobooooboonoog
gboooboooboobodNnn0gogoboobooon

226 000 (Weak Reference)D 0000

Python OO O ODOOO0OO0OODOOOOODOOOOODOODOODOODOODOOODODODOOOODOODO
gbobooboboooooboooobobooooobooooboboooogoo
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gbobooboobboobbooboobbobobodbbonDb pyobjectx0000D0OOOOOO
bboobooboboooboobooobooboobooooboobobooo NvLLO0O0OoOOooboooon
Ub0O000bO000000D000 tp_weaklistoffsetOOOOOOOO0OO0OO0O0DOOO0OOODOOOO
gbodaboodabogbgobgboboobbooboobooboobooboobd:

typedef struct {
PyObject_HEAD

PyClassObject *in_class; /* The class object =/

PyObject *in_dict; /+ A dictionary =x/

PyObject *in_weakreflist; /% List of weak references x/
} PyInstanceObiject;

gbboobooboooobooboobooobooboooooboooobooboooooa:

PyTypeObject PyInstance_Type = {
PyObject_HEAD_INIT (&PyType_Type)
OI
"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 x/
Vi

gboooboobooboobob N 0gooooooobooog:

static PyObject =
instance_new () {
/* Other initialization stuff omitted for brevity =/

self->in_weakreflist = NULL;

return (PyObject x) self;

ooo0o0ooOoOObODbOo0O0000o0oooooooOo0o0o0o0o0oooobooOoOoOoOo0o00oooooooa
0J00d0oooOo0O000000ooooo000oooo0oooo000O0 NULLOODOOO0Oo0oo00oOoag
od:
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static void
instance_dealloc (PyInstanceObject xinst)
{
/+ 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 0O0O0ODOOO

oobooooobooooooooboooobooobobOoOoobobooooboooobooboooobooboog
obooobooobO0obOo0ob0ob0oo0ob0o0oboO0o0ooDOn PythonO include 00000000 ‘object.h’
oooooobo0ooboobouooooboooo pythonOODOOOOOODOOOODOD

O0o0ooooooo0o0o0oooooooDoo0obo0o0ooooDOOoboDb0O0O00Oooo0oDOn: Python
UboobO0obooobooboooobOobooonogbO“Objects DOODOOOOOOOCOOOOODOO
U000tp 000000000000 0D00@UDO tp_print00 tp_compare0000)IOO
gooooobooooboobooogg

goboooobogobobooobooooobboobooboobooboobooboobb
PyObject_TypeCheck UOODOO0OODOOO0OOOOODOOOOODOODOOOO:

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

60



0d

Distutis O OO COOO C++000
HREgERERERERERE

Python 14 0000000000000 00OOCOO0OOOODODOOODOOOOOOODOOOODOO
obOobooboooobobooooooboobob UNnixOO0OO0OO0OO0O0000000000Python2.000
U0000 @O0O0 MakefilepreinOOO Setup 0000000000 O)ODODOOOOODOODOOOO
O00D0o00oo0O0o0oo0ooobo0o0oDooooooo0distutils 00000000000 DOOO0OD
oooooooboooo

distutis 000000000000 OCOO0O0O0O0O00O0CO0O000O00O0distutilsI0000000O0OO

U0000000O0Python2x 00 distutils 0O OOOO Python 1.5000000000000000O
OO0distutils 00D O0ODO0O0OO0OO0OOOODOOODOOO0ODOOODOOO0OODOOOObODODOODOODOO
gboboobOoboooobooobooboobooooboobooooboaon

distutils OO0 0000000 0OCODOO0OOOQO (driver script)y D OO0 ‘setuppy 0O0O0O0OO0D0OO
‘setuppy’ OO0 Python OO O OOOOOOO0OO0ODOOOOCOOODOOOOOOODOOOOODOOO:

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 ‘setuppy DODOOO ‘democ’ DO OOOODOOODOOODO

python setup.py build

Dboobdb0Oemoc DODO00000dMemo’ DO O0O0O0OODOODOO0OODO *build DODODO
O00000D0OD0O00000D0O00000000000000 ‘buildlibsystem DO0OOOOO0O00O0DODO
00 ‘demo.so’ 00 ‘demopyd DO DOODOOOOOOOOOOOOO

‘setuppy OO OODOODOODOODOODOO ‘setup’ 0000000000 O0COOOOOOOOOO
ooboooobooobooboboooboooobooboooboboooobooobooooboooobooooboDbog
boboobooboboooooooboboobooobooboooooboooboobobooobobooooon
OPythonOOODODDODOODOOOO0OO0O0O0O0O0000O0DDOOOOOOOO0O0O0O0ODODDOODdistutils
U0ooboooooboOpPyhon 00000000 0OOOODOO0OO0 distwtils D0 O0000000O0O0OO0O
oO0;000000000000DO00O00O00DbO0bObOO0bOOoDbDOn
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00000000000 D00oobDO0o0bO0o0ooo0oo0nDg setupd000oooooooOoooOoOon
O0000OOsetupd ‘ext_modules’ 000000000000 O0OODOOOOOODOONO Extension
Joodoooobbobbbd0ooo0odooddbdemo’ 0000000 0O0O0ODODODDODODODOOO
dooooooood democ’ 000000 ODOO0OOOOOODODDODOOOOO

ubbobobobobobobooboobuoobooboabobooboobobooboobooongaa
gboogobooobooboooboobooobooboooobboboobooboobOooboa

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 = "http://www.python.org/doc/current/ext/building.html’,
long_description = "'’

This is really just a demo package.
rrs

ext_modules = [modulel])

O0000O0Osetup0000000C0ODOO0OOO0OOOCODOOOOOOODOOODOOOOODOOODOOC
goboobooooboooboboboobbobooooboboooooooobooooobooboooboooboobo0oo
oooobooobooboooobo0boobO0obOoboooDooDoooOoDOOdistutilsD 00O
obooboobooooooobooobooboobOoobOuNnxObOoooboooboooooooo
oboooooooobooboooog:

gcc -DNDEBUG -g -03 -Wall -Wstrict-prototypes —-fPIC -DMAJOR_VERSION=1 -DMINOR_VERSION=0 -I/u

gcc —-shared build/temp.linux-i686-2.2/demo.o -L/usr/local/lib -1tcl83 -o build/lib.linux-168

O0000o0DoOobOob0o0oooooDbO0oboobodn;distutils D0OD00O distutils OO0 O0OD0ODO
gboooboobooooobooon

3.1 JO0oooooood

obooobOobooooboboooobooooobooboooooon
gboobuogboooboobobooobooboobooboogsboboab

python setup.py install

goooogo
ubobooboboooboobooooboooooboob;bobn
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python setup.py sdist

goooogo

gboooboooboobooobooboooooboobooooboooboOo;0obb0g ‘MANIFEST.in? OO
OO000000;0000distutils000000CO0OODOOOOODO

ooboooobooooobooooooooooboooboooobooOooboOooboooooooooooo
goooooooobooboboooooboooogo

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

Windows O OO COODO C++ 000
oottt

00000 Windows OO DO PythonOOOOODOOO Microsoft Visual C++O0 000000000 0OOO
goooooooOoOoOoOoOoOoOoOOOOOOOOOODOOOOOOOOOOOOOOOOOOOOOO
OO0000D0C0OPythonODOOOOOOOODODOO Windows JOOOODOO UNIX O Windows D OO0
gooooooOoOoOOOOOOOOODOOOOOOO0OO0O0 UNxOOOOOOOoOoOoooooDODoODOOo

0000000 boOOoOoOOo0Oo00000000000ooondistwtils D0 O0OO0O0OO0O0OO0OOO0OO0OO0O
O00000DO0bOOobO0oO0oDoDdDoPythonODOODOODOODODOOO COODODOUODOD;ODOO
Microsoft Visual C++0 [ [

O0:000000Python0000D0000DOO0O0ODOOOODODOODOOOODODOO0OODOOOODOO
ooooooooDDoDODO Xy OODDOOODOOO0O0O0o0o0ooooooD;x 000ogg Python
gbobooboooboobooooooy booboooboobobooooobon Python22.10000
oboooO0Oxyooooo 222000000

41 OJ0O0O0OOOOOOO

Windows 0 0000000000000 00UNIXOODOOOOOdistutilsOOOOO0D0OOOO00OOO
oo0oo0obo0o0ooooboobooobooboo0gdisttils 000 0000O0DOOO0ODOOODOOODOO
O0000000D0;distutils0000000000000O0O00CCO0O0O0O0O0O0O00000CPythonD
oooo0ob0o oboboooobooboboco c++oooobo python DO OOOOOOOOODOOO
gbooabooaoboooboooon

gooOoOopDOoOoOoOOD0OOOCOOOOODDOOODOOOO0OOOOOOOPython0O0O0O0OOOO
OPythonOOODOOODOOODOOODOOOOODOODOODO Microsoft Visual C++ “Developer Studio”
Oo0oooooo;00po000000oo ve++ooooo710000000000000DOODOOO
OO00DOoO0O0 ve+OOoDooOODOPythonOOOOODOOOODDOOODOOOOD VCHODOOOOD
OO00000O00000O0000o0ooooo0oooo0oooOPython0O0O0O0OODOOOOODO
OO000O‘PCexample_nt’ OO OOOOOOOOO

1. 000boooooobooon
‘example nt’ 0000000 ‘PCOOO0OO0OOOOOOOOOOODOOOODOOOOOOOPCOO
oobooboboooboooboooboobooobooooboooboooooobOoobboboOobooog
OO0Oexamplent’ OOOO00D00O ‘PCO00000DO0OC000DOOCOOOOOOOOOOODDOO
U00000000000 ‘example_nt’ 0 ‘PC’ OO0 ‘Include’ OODOOO0OOO0O0O0O0OOODOO
gbooooboboooboooboobooboooobobooooboobooDo

2. 000000000
vc++ooooooo >ooboooboooooooooobooooooooo@ooo >0000
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ooooonobDooDooOoobooDODexamplen OOOOO0D0OO0DOOOO OO ‘example.sin’®
ooomooooobooooaoo

.000DLLO0OO0oong

gboobooboobgooboobooboobooboobon:

(y OOODOOUOOOO0ODODODOLOODOOD0OOUODUOUO0ODLO »>»b0bU0UbUOogb0 »0ogo
goboobooboob ooboobbobboobbob bobbooobooboon
oooovc+OODOOoooopoobooooooboooo

(b DLLOOOO0O0O000000 >00000b0o0ob0boDb 000oooooooooboobo0ooogg
gboboooobobOoooboOoooboooobobooouoobbooOonodd ‘Debug’ O OO ‘Release’
oboooooooooobooboooooo

.000boooobpLLoogooan

U000000000000bOo0b00c0bO00000000 ‘example_nt\Debug’ OOOOOO0O0O
gobooooboobooobooboobooboooboobooboogoD (ec>oboSOUb0bOODO
OO000O0»>0 PythonOOODODODOOO;00000000000O0O0O0O00DOODO0OODOOO
oooobooooboobooooobooooooog):

C>..\..\PCbuild\python_d

Adding parser accelerators ...

Done.

Python 2.2 (#28, Dec 19 2001, 23:26:37) [MSC 32 bit (Intel)] on win32
Type "copyright", "credits" or "license" for more information.
>>> import example

[4897 refs]

>>> example.foo ()

Hello, world

[4903 refs]

>>>

ooooboooonD!'oboooboobo pythonDOOOODOOOOODODOOOOODOO

.gb0obooooboboooog

oobobobooboobooobdoobbooobooboboobUoUbD coboobobouoobo
0000000000000 bOO000bO00O0D000DO000DOO0DO0OD00DOO000oDOOoDOn
gooooooobobooooooooboboboooooooboboboooboooooDg —
000000000 initspam() OODOO0OOD00O0OQO spamO00000000 importDO00ODO0O
initspam() DOO0O0OO "spam" OO0 0OPy_InitModule () OO0OOOODO (DDOODOOO
00000000000 00D00000 ‘examplecc 00 000D0OO0DO0ODOOOOOOHOODOODOO
O0O000000 ‘spam.c’ 000 ‘spammodulec’ OO0 OODOOO0OOOOOODOOODOODOOO
OO00O0OoO0oOgn ‘smapdl’ 0 ‘spampyd’d 00000 OOOO ‘smap_ddl’ O ‘spam_d.pyd’d 0O
00000 (@UbOob0obO0ooogonog ‘spamdl’ O0Python DO OO0OOOOOODOOOOOO
00o0DoDOooooooooooooooo)o

ogboooboooobooobgob:

(a) ‘example.dsw’ O ‘example.vcprojf DO O OO0 ‘spam*” D00 0OO00O0OOOOOOODOOO
(b OOODOODOOOOOODO,;ObDOObOODObDO

00000000 ‘example_nt\example.def’ O ‘spam\spam.def DO O OO0OOOO0OOOO ‘spam.def
000000000 ‘initspa’ OO D0OOOOOOOO0OODOOODOOOODOOODOOODOO
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O0000 ‘spamdef OO ODOOOD0OOO0OOODOOODOOOOO@ODOODODOOODOODO
OoO0O0O0O0O000000de OODDDDODOOOOOO0O0O0O0O000O00000 /exprt:initspam
gboooboboooboobobooobooboooobobooboobOobooooobooo)b

6. 000DO0O0OO0ODODOODO
uobd >0000 000000 ocoboboobooobooboooobooooobooono
O00O0000VisualC++000000/Win32/Win32000000 0000000 (‘spam’)d0
OMooboo0o0oboOoonog spam O0000O0O0O0O0O0O0ODOOO (PythonODOOODOOODOO
OobOo0oOoboboodDbDmeude’ OO0 ‘PCOO0OOO0DOOOODOOODOOOO)ODODOOODOO
omoboobooboooond

TODO You should now create the file ‘spam.def’ as instructed in the previous section. Add the source files
to the project, using Project > Add Existing ltem. Set the pattern to * . » and select both ‘spam.c’ and
‘spam.def’ and click OK. (Inserting them one by one is fine too.)

ooo0ood0 >spamO000000O0000O0O0O0O0OOOOOOOOOOCOOOOOOODOOO
ooobO0ob0ooobobooobOob0 bobooob bOobooboobooooboooooc/c++
gbogboobooboboobooboobuooboooboooboobooog:

..\Include, ..\PC

obooobOoooobooboobooooboobooboboooobooboooobooboobooonog
obo@moobooooboobooooooboooboo

..\PCbuild

obboobooboooobob bobooobooboooobooooonoaoo
uboooboboooboboooobooooooboon:

goboooobooooboooobooboob boboobooomoooboooooooboOomo
doobboOooomobobOo00oo0o0o0ouooooouoonin pythonXy. 1libOOOOOOO

gooooooboooboooobooboooob boooomooboooboooboobooooboboOoo
U00 pythonXY d.lib0O00000000O0 C/C+U000000000O0 OOOOO0OOOO
000000 0000000oogooooooOOoOoDoOoOoO O0O0Oo DLLoooooo

gbobooobooooooooobo ooob oooboooooobooooboobooboo oo
ooo0oOoOoOoO0O0O DbLLOoOoOoOogo

0000000 ‘spamdeff DO OODOOO0OO0OOODOOOOOODOOOCOOO >00000000
goboooboooobbooboobooomboooobooDD ».«0000 ‘spam.c’ O ‘spam.def’ O
ooookoooooooo@ooobooooooooooooooo)o

obooobOoboooooboooobooooooobooog:

PyObject_HEAD_INIT (&PyType_Type)

ubooboooooobogoaod:

PyObject_HEAD_INIT (NULL)
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gboooboobooboooboboobbooboobooboobon:

MyObject_Type.ob_type = &PyType_Type;

Uo0ooboOobooooobooOpPyhon FAQU O 3000000000ODO0O

42 UNIXO Windows OGO OGO

UNIXO Windows 000000000000 O0OOCOO0O0OOO0O0ODODO0OO0OODOOOOOOODOOOOO
gbboagbooaboaboabuoabuogbuooboobooboobooboboobobobooboaboo
googo

UNnxO0O0O0OO0OO0o0o0o0o0oo (so)bOoooooooboooooooboooooooooooo
gbooooobooboboooobobooooobooboobooooooboobobooooOobOOoboOoboooon
obooooOobooooooboboooooboboooooboboooobooboboooboOobooOooon
gooobobooooobobooooboooboobobooooboobooboOoo

Windows 0000000000000 ¢.d)DOOOODOOOOODOODOO (dangling reference) 0 O O O
000000000000 00DO0D0O00DO00O000000O00000O000O0DO0ODO0O DLLOOOO
00000bOO0bOO00OO0o0O0o0oO0DOO0oDOO0oDo00o00obOOooOooDooobOO0obOooooDoOobOoDOOo,;on
0000000000 DLLOO0ODOODO0O0D0O00OO000000o0ooooooooooooooona
doo0dooooooooooooooo

UNxOOOoooOoooooooooooD )b boo0oobb2?b0000oo0oooooon
gbooobo ¢o)yOobOoboboboooooobobobooooogD ¢so)ybobobooooo
oboooooboobooboboobooboboboooooboboooobooobooooobooboooon
goboboooboooooooboooboo;oboobooboooboooobDoooobooooboboOooDo
gboooboooobooboodg

Windows 00 0000000D0D0OOOOO0O0OOOO0O0O0OO0O0O0OODOOOOO0OOO0OO@ObDOD
‘i 00000000)I00000000 UNnxOOODO ‘220000000000;00000000A0
gboooooboboboooooboobooooooobboboboooobobobooooobOobooo
gooobooooopLLOobooooobooboobooobobobooboobooooboooobobooDo
gbooobooboboboobooooboobooboooooboooooopLLOO0O0obOOoboona
ooboobooOobooooooooboooobo  bLLObO0oobOooboooobooooooooooooog
goboooooboooooboobooooooooooobLLOboobooooboooboobooooog
gbooobOooDbLLOOoonboooooooboono

oo00o0oo0oo0o0oooObo0o0ooBO COOO0DOOOODOOOOO0OD ADDOODDODODOOOOUNIXD
00 ‘Aa’0 ‘Bso’0 ‘Cso 00000000 DOO0O0OOOOOODOOODOO;0000000000DOAO
obooooOoboooBO CODO0O0OO0OO0ODOO0DOO0OO0OO0OO0DO0O0OO0O0D00D00O0 Windows 0000 ‘Adi’ O
O0000O ‘Al 000000D00O0OBO COOODOODO ‘Al 000000 ‘Al ODOO0COODOO
gbooobO;00 AC0cO0bO0obooooboboooooboooobobooooobooooboOooboon

Windows 000000000000 O00O00OO ‘import spam’ 000000000 DO;00000D0O
Ospam 0000000000 0O0OCOO0DOO0O0DOO0O0OOOOCOOCODOO0ODO0O0O0UNIXOODODOO
000000000000 ‘from spam import » 00000 0;000000000000D00O000O
goooogo
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43 DLLODODOO

Windows O O Python 00 Microsoft Visual C++0 0 00000000;0000000000000000O
Ub0o0ooboooboobooon BerlandODOOOO0OO0OO0OOO0OOCO)ODOOOOOOOOO MSVC+O
ooooogo

Windows 0 DLLOOODOODOOO ‘pythonXYlib> OO O OO0O0O0D0O0OO0O0OD0OOO ODOOOCODO DLLO
spam U0 ni(spam 0000 COOOO0ODOOOOOOO)OODOOoOOoOoOoOooooOoooooooooo:

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

000000bo0booboooog: ‘spam.obj’d ‘spam.di’ OO O ‘spam.lib’ OO0 OO0 OO ‘Spam.dil’ OO
(PyArg_ParseTuple () OO0O0O)Python 0O O 0OOOOOOODODODOO ‘pythonXY.ib’ O OO OO Python
oo0o00o0O0obOoOoboOobooboo

OO0o00o0oooobDondir (@O0 “oby O i) DOOOOODOOO0O0OO spam O Python OO0
gboboobooboooboobooboobobobobboobo

ooodboobboooobooobbbobo0ooo0guoob bbb oDooUooOog (Python
000oo0ooD0) 0000ooobO0000oo0b0Oo0oO0O0O0nODaO-void _declspec(dllexport)
initspam(void)’ O ‘PyObject _declspec(dllexport) xNiGetSpamData (void) 00000
‘_declspec(dllexport)’  0000OO0OOOOO0O0O

Developer Studio U 00O O0DUO0O0OOOOOOOOOOODOO DLLOODOOOOODOOODOOODOOO
oK Oooooooooooooooooooooooooooobmoooooboooooooo
0000000 DOO0D0O0000000bO000D0000DO000D00o0D0 OboooooOooboOooooa
‘msvertex.lib’ 000000000 O0OOOOODOOOOO
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0d

00000 oooooOod PythonOOO
HRN

gooob PythonOOOOOOO0OOODOOO COOODOOOOOO PythonODOOODOODOOOOODO
gbobooooboboboobOobooooboobooooboobobooob:00b00b000 c/c+o0bo
oooooD python OO0 0000000 OOO0ODDOOOOOOODOOODOOODOODOODOODO
oooooooooobo cocH+HOoooo python OO0 O0O0O0O0OO0OO0OODOODODOOODOOOOOO
oboooooboo;obo0ob0 python0 000000000 O0OCODOOOOOOODOOOODOODOOOO
ooooo0obo0oboobOoo0ooO0ooobooobooooooog pythonODODODOOODOODOOODOO
oooooooboooobobbooogooo

Python OO OODOO Python OO O OUODOOODOODOOODOOOOODOOOODOODOODOOODOO
Python0OOOOOOO0DO0OO0OCOOO0DOOODOOO0OOODODOOOOOO PythonDOOOOOOODO
o000 Python 0000000000 O0DO0O0O0O0O0DOO0DOOOO PythonOOODOODO —O000O0O0O
oo0ooooboobooboobOobn pythonODO0OOD0OO0OOOOOODODOOO PythonOOODOOODO
U0 —oboooobooboboooooon

O0O00OPythonOO0O0ODOOOOO0O0O0O0ODODOOOO0OODOOOOOODOOOOOODODODO
obobooooobooobOoobooboOooboooo pythonOO0O0O0OO0OO0O0OO0OO0ODOOODODOOOOOO
O00D000 Py_Initialize() (MacOS OO PyMac_Initialize())O00O0O0000O0D0OO0O0O
ooooboobodpython D0 O0O0O0O0O0OOODOOOODOOOODOOOODODOOOODOODO
boboobobooobooboooboobobooobobooooboon

gbooboooooooboobobobobooooobooboonbog:PythondOOD0OO0OO0O0O0O PyRun_
SimpleString () DO00OOstdio OO0 0D0OOO0OOO0OO0OOO0OO (OO0OO0OOO0OO0ODOOOOOOOOOO
U000booob0obboOD)d pyRun_SimpleFile () OODO0ODOOO0ODOOOOOOOOODOODOO
OO0000O0o00oooooooDooOdOpythonD 0000000 DOOOODOOOOODOODOOO
PythonO0O 0000000000000 DDDOOOO0O0O0OO ‘Demo/embed” 000000000000
googd:

Python/CAPID O OUOOODOOODOOO

(../api/api.html)
PythonCOUOODOOODOODOODOODODOODOODODODOODOOODOOOOODODOOOODODOODOO
oooooo

51 ODOODOODOOO

Python OO OO0O0O0O00O0O0O0O0O0OO0O0ODOOOOOOODOOOOOOOOOOODOOOOODOOOOO
obooooopooboooooobobOo pythonOD OO OOODOOODODODOOODOODODOOO
gboboobobooboobobooobooboooobobooo
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../api/api.html

#include <Python.h>

int
main (int argc, char xargv([])
{
Py_Initialize();
PyRun_SimpleString("from time import time,ctimel\n"
"print ’'Today is’,ctime(time())\n");
Py_Finalize();
return 0;

}

O000000000 pythonO0OOODOODO Py_Initialize() OOOOOOOOODOOODOOOO
OPythonOODODODOOOO0OO0OOD0OOD0OODOD0O0O00OOOPy_Finalize() UOOOOOOODO
oooooDoo, 0000000000000 00D000000D0O0OPYthonDO0O0O0D0O0ODOOOODO
oboobOoobOoooooboooboooooOobOoobOooobooooOoooOo0ooboOoooOoooboOooonoo
Python OO OOOO0O0OO0OO0OOO0O0OOOPyRun_SimpleFile() OO0O0OOO0O0O0OO0OOOOOO
goooooooooboobobooooobooooooboboooobobooboog

52 DUO0OOUOODODOUObDOUOD:OO

O00o0ooOooO0O0O0000o0 pythonDO0O0O0OO0O0DODOOOOOOOODODOOOOOODOO
ooooboooooonopythonOO0O00O0O0O0DOO0OO0ODOOOOOODOOOOOOOOODOOOODOOOO
goooooobooooooobobooooobobooooboboobooboboooobOobooo
oo0ocoboooobooooooboooobooooobobooooooooooooon

PythonO0ODODDOOOO0ODOOOO0OOO0ODOOOOOO0ODDOOOOODOOOOOOOOOODOODOOOOO
gboo0o0oooobOoboboobooboobOoboboooOoooobO0obOooooobooboDbdPython
gbOcbooobooboobooobobooooboobooobooboooon:

1. 00000 PythonOO COOODODODO
2. 0000000000 CObOO0bO0oooboobobooonDog

3.obobooboobooooboocon pythonOOOOOGQ
Python OO O00O0O0O0OD0OO0ODOODOOOOODOOOOODOODOOOODODODOOO:

1. 00000 CcOO PythonOOOODOO
2. 0000000000 pythonOOOOODOOOOODOODOOOOODOOOO

3.0000000000000 PythonOO COOOOOO

gooooooooobooboboooooboboooobobbooooboboboooDobDoobOooDog
boooooooboboboooboobobooooooobooboboooobooobobooooon
cOobobooobOobOooooboboboonog pythonOOOOOOODOOOOO

oobOOo0dOPythonOO COOOODOOOODOOOODOOOODOOODOOOODOOOODOOOODOODO
gobooooooboooooboooobooobooooooobooooooooooboooooboboOooobobOoo
oboobooboobooboobooboobooobOo0oobOOo0oOOoOobOOo0obOOo0obOOoOoDbDOon
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53 DOODOOOO

O0o00o0o0oo0ooboooboOdpython OO0 OODOOOODOODOOOOODOOOOOOOODOODOO
uboboobooobOoboobOobooobOdpythonOOOOODOOO0OOODOOOOODOOOOODOOODOO
OO @dooooooobooooobooboooo)o

Python U0 OO0O0O0OO00DOOO0OOODOOOOODOODOOOOODODOOODOODOOOOO:

#include <Python.h>

int

main (int argc, char xargvl([])

{
PyObject xpName, *pModule, *pDict, =pFunc;
PyObject xpArgs, =xpValue;
int 1i;

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

Py_Initialize();
pName = PyString_FromString(argv[l]);
/+ Error checking of pName left out =/

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

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

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

}

Py_Finalize();

return 0;

}

U00000 argv[1]1 0000 Python OO O OOOODODDargv(2] 000000 O0OODOOO
ubooooobbobooobooibg argvd0obooboobooboooboooboobooboboooon

oo @ooboobotbbealODbO0OODOO)OO0OOOO0OO PythonOODOOODOOODOOODOO
goo:

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

c =20
for i in range(0, a):
c=c+b

return c

uboboobobooooboooon:

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

oboboobooboooooooocoooooooooooooboooobOobOon PythonOO CODO

oboooboooooboboooooboooboboppython O O0O0O0ODOOOOODODOOODODOODOO
goooo

Py_Initialize();

pName = PyString_FromString(argv[l]);
/+ pName U0OUODOOOOOO0OO0OO0O0O «/
pModule = PyImport_Import (pName) ;

gooooobooo

Ub0o0o0O0b0o0o00b0ob0o0ond pyImport_Import() DOOOOO0OO0OO0ODOOO0OOODO

U0 Python OO OO0O0O0O0O0O0O0O0O0O0DOO0O0OODO0O0OOO PyString FromString() OOO0O
ooo

pFunc = PyObject_GetAttrString (pModule, argv[2]);
/+ pFunc O0OO0OO0O «/

if (pFunc && PyCallable_Check (pFunc)) {

}
Py_XDECREF (pFunc) ;
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Uioo0dbooobodooobOoOdbddpyObject_GetAttrString() UOOOOO0O0O0OO0OOO
bobooobobooooooboboooooooboobooobooooboboooobobOoboooon
boooooboboobooooobobooooooboboobooooboboooooOoobOobooon
oo0oooOob0ob0oobDobOPpython OO0 O0OO0O0OO0OO0ODOODOOODOO:

pValue = PyObject_CallObject (pFunc, pArgs);

Uboboobbo0bbO0Opvalue NULLOOODOODOO0OO0DOOO0DOOO0DOOO0DOOODOOOODOOO
ubooobooboooooboooooao

54 000000 PythonODODO

ooboooooooo pythonOOOOOOOOOOOOOODOOOOOOOOOOCOOOOOOODOOO
OO0O00O0Python APIODOODODOOODOODOOOOODOOOOODOOOOODOOOODOOOODOO
goobooobooooooooooooooboooooooobooooboooboo0ooooDooboooo
gboboooobooobooboboboooooooooobobobobobooOoooooboonbOoDbo
oboooooobooono pythonOOOOO0OOOOODOOOOODOOOOOO0DOOOOODOOOOODOO
goboooOooooboboooooboboobbooboobboooooboo pythonOOOODOOODOODO
OO000PythonDOODDOOODOOODOOOODOOODDOOOD (glue,0)00000O00DOOOD
obooooOoboooooboon:

static int numargs=0;

/« 0000000000000 0000000O0ooOog «/
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}

bi

U00000mein() OO0O0O0D0OO0O0O0ODOO0O0O0OCOOOO0OO0OO00DO0O0 Py_Initialize() OO
gbooabood:

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

00000000 numargs 0O0OO00O0OO00O0ODO0O0O PythonOOOODOOODO emb.numargs () U
000000ob0o0b0o0ob0o0o0bD0o0b0o0b0oDboDoooOdPython OO Ood

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

oobooobooboooobOooO0obO0oobobO0oobDo0DbOo00DO APID PythonODOOOGOODO
googoo

55 C++000 PythonO OO OO

CH+O0000000 PpythonOOOOOOO;00000000000000000000000 C++0O
gboooooooooo;oooooobobooboboooo Cc+bobocH+oooooDoboboooo
O00o0ooo0o00ooooooo0oooooDooOodOPython00OD0 CHODOOOOODOOOODODO
oood

56 J0OODODOOODOO

Python DO O DO0OD0ODOODOOO configure 1 DD O0DO0DO0OOOO0OOOODOODOOOOOOODOODO
O00000000o0o00D0o00 pythonOODO0OOOO0ODOOOO0DOOO PythonDODOOODOODOOOD
gobooobooobOoooooooboooboboobobo UnxOOOoooooooOooooooo
U00oooo0OobOoonogn (libpython2))0OOO0OOO0O0OO0OO0O0O (s 000O0O0O0O0O0ODOO
goo)oooooooobooooobobooboobooooooobobooooboboboobooobo

goboooboooboboobooooobooobooobooobog pytheon O OO0DOOODOOODOOOO
goboooooboooobooooooobooobooobooboooooobooboobooboobooobooon
obooooobooooooboooooobobooooobobooooboOoboboooboOoobooon
gooooobooooobooboboooooboboooooboboboobooboboboooobOobooo
googoo

gboboobooboooooobobooooooboobobooooooboboooooboboboo
OO0000 PythonODOOODOOOOODOOOODOOOOODOOOOOD PythonOOOOOOOOOD
gbooobOooboooooboboooooboooooboooobobooooooboooooobooon:

>>> import distutils.sysconfig
>>> distutils.sysconfig.get_config_var (' LINKFORSHARED')
/-Xlinker -export-dynamic’

gboboooooboobobooooobobooooooboobobooooboboboooboooboooboon
O000000000OCOCOLINKFORSHAREDOOOOOODO PythonODODDODDODO ‘Makefile’ DO DO DO
oboooobooooooon
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Python is a mature programming language which has established a reputation for stability. In order to maintain

this reputation, the developers would like to know of any deficiencies you find in Python or its documentation.

Before submitting a report, you will be required to log into SourceForge; this will make it possible for the devel-
opers to contact you for additional information if needed. It is not possible to submit a bug report anonymously.

All bug reports should be submitted via the Python Bug Tracker on SourceForge (http://sourceforge.
net/bugs/?group_1d=5470). The bug tracker offers a Web form which allows pertinent information to be

entered and submitted to the developers.

The first step in filing a report is to determine whether the problem has already been reported. The advantage
in doing so, aside from saving the developers time, is that you learn what has been done to fix it; it may be that
the problem has already been fixed for the next release, or additional information is needed (in which case you are
welcome to provide it if you can!). To do this, search the bug database using the search box on the left side of the
page.

If the problem you’re reporting is not already in the bug tracker, go back to the Python Bug Tracker (http:
//sourceforge.net/bugs/?group_id=5470). Select the “Submit a Bug” link at the top of the page to

open the bug reporting form.

The submission form has a number of fields. The only fields that are required are the “Summary” and “Details”
fields. For the summary, enter a very short description of the problem; less than ten words is good. In the Details
field, describe the problem in detail, including what you expected to happen and what did happen. Be sure to
include the version of Python you used, whether any extension modules were involved, and what hardware and

software platform you were using (including version information as appropriate).
The only other field that you may want to set is the “Category” field, which allows you to place the bug report
into a broad category (such as “Documentation” or “Library”).

Each bug report will be assigned to a developer who will determine what needs to be done to correct the problem.
You will receive an update each time action is taken on the bug.

oood:
How to Report Bugs Effectively

(http://www-mice.cs.ucl.ac.uk/multimedia/software/documentation/ReportingBugs.html)
Article which goes into some detail about how to create a useful bug report. This describes what kind of
information is useful and why it is useful.

Bug Writing Guidelines

(http://www.mozilla.org/quality/bug-writing-guidelines.html)

Information about writing a good bug report. Some of this is specific to the Mozilla project, but describes
general good practices.
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B.1 PythonDO OO

Python O 19900 000000000 0OO0O Stichting Mathematisch Centrum (CWI, http://www.cwi.nl/
O0)0O GuidovanRossum OO0 ABCOODOOOOOOOOOOOOOOOOODOOOODOOOO
OO000 PythonOOOOOOOOOOGuidkoOODODOO PythonOOOOODOOOOODODODODO

199500 GuidoODOOODOOODOODOODOOODO Corporation for National Reserch Initiatives (CNRI,
http://www.cnri.reston.va.us/00)0 Python OO O OO0OOODOOODOOODOOOOOOOO
gooooag

2000 0 3 00 Guido O Python 0O OOO0O0OODO BeOpen.com OO OO BeOpen PythonLabs O [
U0O000000000 1000 PythonLabs 00 O 0O O Digital Creations (0 O 00 Zope Corporation, http:
//www.zope.com/ OO)OOO0ODOODODODODO 2001 00Pytheon0 00000000 0DODOOOOO
00 D00 Python Software Foundation (PSFO http://www.python.org/psf/ 00)00000000O0O
0000 Zope Corporation 1 PSFOOOOOO0OOOOOO

PythonOOOOOO0OODOODOOODO@UDUOODO0ODOODOODO http://www.opensource.org/
0000000O0D)D000o000D0oDO00oDO00o000o0o0ooO0og PythonOOOOO GPLOOODOO
gboo0;bo0bobobooboooboobuooboooo
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http://www.cwi.nl/
http://www.cnri.reston.va.us/
http://www.zope.com/
http://www.zope.com/
http://www.python.org/psf/
http://www.opensource.org/

oooo ood O 0od GPL OO
0.9.0 thru 1.2 n/a 1991-1995 CWI yes
1.3 thru 1.5.2 1.2 1995-1999 CNRI yes

1.6 1.5.2 2000 CNRI no
2.0 1.6 2000 BeOpen.com no
1.6.1 1.6 2001 CNRI no
2.1 2.0+1.6.1 2001 PSF no
2.0.1 2.0+1.6.1 2001 PSF yes
2.1.1 2.1+2.0.1 2001 PSF yes
2.2 2.1.1 2001 PSF yes
2.1.2 2.1.1 2002 PSF yes
2.1.3 2.1.2 2002 PSF yes
2.2.1 2.2 2002 PSF yes
222 22.1 2002 PSF yes
2.2.3 222 2002-2003 PSF yes
2.3 222 2002-2003 PSF yes
2.3.1 2.3 2002-2003 PSF yes
232 2.3.1 2003 PSF yes
233 232 2003 PSF yes
234 233 2004 PSF yes
2.3.5 234 2005 PSF yes
24 2.3 2004 PSF yes
24.1 2.4 2005 PSF yes
242 24.1 2005 PSF yes
243 242 2006 PSF yes
2.5 24 2006 PSF yes

O0:0GPLO000O0OO0O0OOOPythonD GPLOOODOOOOOOOOOOOOOOODOOOPython
gobooboobooboocGepLO0bOO00ODOOO0ODOODOOODOOODOODOODOODOODOODO
OoooooooGepLODODDOOOODOOOOOOGPLOOO0O0OO0OO0O0OOOOOODOOOO Python
gboobOobooooboooooobooooboboooboOoboon

GuidoOODOOOOOOOOOOOOOOOOOOOOO0ODOOOOOOOOOOOOO0OObOODbOOn
ooo

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

PSF LICENSE AGREEMENT FOR PYTHON 2.5
1. This LICENSE AGREEMENT is between the Python Software Foundation (“PSF”), and the Individual or

Organization (‘“Licensee”) accessing and otherwise using Python 2.5 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 nonexclu-
sive, royalty-free, world-wide license to reproduce, analyze, test, perform and/or display publicly, prepare
derivative works, distribute, and otherwise use Python 2.5 alone or in any derivative version, provided, how-
ever, that PSF’s License Agreement and PSF’s notice of copyright, i.e., “Copyright © 2001-2006 Python
Software Foundation; All Rights Reserved” are retained in Python 2.5 alone or in any derivative version

prepared by Licensee.
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. In the event Licensee prepares a derivative work that is based on or incorporates Python 2.5 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 2.5.

. PSF is making Python 2.5 available to Licensee on an “AS IS” basis. PSF MAKES NO REPRESEN-
TATIONS OR WARRANTIES, EXPRESS OR IMPLIED. BY WAY OF EXAMPLE, BUT NOT LIMI-
TATION, PSF MAKES NO AND DISCLAIMS ANY REPRESENTATION OR WARRANTY OF MER-
CHANTABILITY OR FITNESS FOR ANY PARTICULAR PURPOSE OR THAT THE USE OF PYTHON
2.5 WILL NOT INFRINGE ANY THIRD PARTY RIGHTS.

. PSF SHALL NOT BE LIABLE TO LICENSEE OR ANY OTHER USERS OF PYTHON 2.5 FOR ANY
INCIDENTAL, SPECIAL, OR CONSEQUENTIAL DAMAGES OR LOSS AS A RESULT OF MODI-
FYING, DISTRIBUTING, OR OTHERWISE USING PYTHON 2.5, OR ANY DERIVATIVE THEREOF,
EVEN IF ADVISED OF THE POSSIBILITY THEREOFR.

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

. 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.

. By copying, installing or otherwise using Python 2.5, Licensee agrees to be bound by the terms and condi-

tions of this License Agreement.

BEOPEN.COM LICENSE AGREEMENT FOR PYTHON 2.0
BEOPEN PYTHON OPEN SOURCE LICENSE AGREEMENT VERSION 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”).

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

derivative version prepared by Licensee.

. BeOpen is making the Software available to Licensee on an “AS IS” basis. BEOPEN MAKES NO REP-
RESENTATIONS 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.

. 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 THEREOFR.

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

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 (“Li-
censee”’) 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 nonexclu-
sive, royalty-free, world-wide license to reproduce, analyze, test, perform and/or display publicly, prepare
derivative works, distribute, and otherwise use Python 1.6.1 alone or in any derivative version, provided,
however, that CNRI’s License Agreement and CNRI’s notice of copyright, i.e., “Copyright © 1995-2001
Corporation for National Research Initiatives; All Rights Reserved” are retained in Python 1.6.1 alone
or in any derivative version prepared by Licensee. Alternately, in lieu of CNRI’s License Agreement,
Licensee may substitute the following text (omitting the quotes): ‘“Python 1.6.1 is made available sub-
ject 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 REPRESEN-
TATIONS OR WARRANTIES, EXPRESS OR IMPLIED. BY WAY OF EXAMPLE, BUT NOT LIMI-
TATION, CNRI MAKES NO AND DISCLAIMS ANY REPRESENTATION OR WARRANTY OF MER-
CHANTABILITY OR FITNESS FOR ANY PARTICULAR PURPOSE OR THAT THE USE OF PYTHON
1.6.1 WILL NOT INFRINGE ANY THIRD PARTY RIGHTS.

5. CNRISHALL 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 MODIFY-
ING, DISTRIBUTING, OR OTHERWISE USING PYTHON 1.6.1, OR ANY DERIVATIVE THEREOF,
EVEN IF ADVISED OF THE POSSIBILITY THEREOFR.

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, in-
cluding 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. Notwithstand-

ing the foregoing, with regard to derivative works based on Python 1.6.1 that incorporate non-separable
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material that was previously distributed under the GNU General Public License (GPL), the law of the Com-
monwealth 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.

ACCEPT
CWI LICENSE AGREEMENT FOR PYTHON 0.9.0 THROUGH 1.2

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

Permission to use, copy, modify, and distribute this software and its documentation for any purpose and without
fee is hereby granted, provided that the above copyright notice appear in all copies and that both that copyright no-
tice 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, INNO
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 TOR-
TIOUS ACTION, ARISING OUT OF OR IN CONNECTION WITH THE USE OR PERFORMANCE OF THIS
SOFTWARE.

B.3 Licenses and Acknowledgements for Incorporated Software

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

porated in the Python distribution.

B.3.1 Mersenne Twister

The _random module includes code based on a download from http://www.math.keio.ac.jp/
~matumoto/MT2002/emt19937ar.html. The following are the verbatim comments from the original

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

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

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

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

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

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

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

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

Any feedback is very welcome.
http://www.math.keio.ac.jp/matumoto/emt.html
email: matumoto@math.keio.ac.jp

B.3.2 Sockets

The socket module uses the functions, getaddrinfo, and getnameinfo, which are coded in separate
source files from the WIDE Project, http://www.wide.ad. jp/about/index.html.
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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
GAI_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 GAI_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 GAI_ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT
LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN GAI_ANY WAY
OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF

SUCH DAMAGE.

B.3.3 Floating point exception control

The source for the fpect 1 module includes the following notice:
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/ 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 1its wuse would not infringe
privately-owned rights. Reference herein to any specific commer-
cial products, process, or service by 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.

B.3.4 MD5 message digest algorithm

The source code for the md5 module contains the following notice:

86



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
ghostlaladdin.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.

B.3.5 Asynchronous socket services

The asynchat and asyncore modules contain the following notice:
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Copyright 1996 by Sam Rushing
All Rights Reserved

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

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

B.3.6 Cookie management

The Cookie module contains the following notice:

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

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

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

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

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

B.3.7 Profiling

The profile and pstats modules contain the following notice:
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Copyright 1994, by InfoSeek Corporation, all rights reserved.
Written by James Roskind

Permission to use, copy, modify, and distribute this Python software
and its associated documentation for any purpose (subject to the
restriction in the following sentence) 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 InfoSeek not be used in
advertising or publicity pertaining to distribution of the software
without specific, written prior permission. This permission is
explicitly restricted to the copying and modification of the software
to remain in Python, compiled Python, or other languages (such as C)
wherein the modified or derived code is exclusively imported into a
Python module.

INFOSEEK CORPORATION DISCLAIMS ALL WARRANTIES WITH REGARD TO THIS
SOFTWARE, INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY AND
FITNESS. IN NO EVENT SHALL INFOSEEK CORPORATION 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.

B.3.8 Execution tracing

The t race module contains the following notice:

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

Python 2.2 license.

Author: Zooko O’Whielacronx

http://zooko.com/

mailto:zooko@zooko.com

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

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

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

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

Permission to use, copy, modify, and distribute this Python software and
its associated documentation for any purpose without fee is hereby
granted, provided that the above copyright notice appears in all copies,
and that both that copyright notice and this permission notice appear in
supporting documentation, and that the name of neither Automatrix,
Bioreason or Mojam Media be used in advertising or publicity pertaining to
distribution of the software without specific, written prior permission.
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B.3.9 UUencode and UUdecode functions

The uu module contains the following notice:

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

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

Modified by Jack Jansen, CWI, July 1995:
— Use binascii module to do the actual line-by-line conversion
between ascii and binary. This results in a 1000-fold speedup. The C

version is still 5 times faster, though.
— Arguments more compliant with python standard

B.3.10 XML Remote Procedure Calls

The xmlrpclib module contains the following notice:
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The XML-RPC client interface is

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

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

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

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