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>>> jmport spam
>>> status = spam.system("ls -I")
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#include <Python.h>
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static PyObject *
spam_system(PyObject *self, PyObject *args)

char *command;
int sts;

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

sts = system(command);

return Py_BuildValue("i", sts);
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Osys 0000000DOOOOOO00OODOOOO)00000OODOOOO0O0OO0ODODDODOOOOOOOO
gooboooooobboooooboooooog
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obooooobooboboooooboobooooooob0obooboob0 NLLODODOODOoDbOOoDO
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NULLO -1)000000O0O0O0O0O0O0O0OOOPYEM %) 0O0O0OO0OO0OOOOOOOOOOOOOOOO
0 —00000g0O000000000000000000fO0000000000000000O00O000
0000000000 0000000000000 0OO PyEr ®) OOOOOOOODOOODOOODOO
U0 —O0oooobooooooooooobOoobooobOooobo0ooboobooboobooooOooon
O PythonDOOOOODOOOOO0O00O0O0ODOOQOOOOODODOOO PythonDOOOOOOOOO Python
gbooobooboobgooboobobboobooobooo

(OCOCOO0OO0 PyEr *) OOOOOOOODOOOODOUOOOOOOOOOOOOOOOOOOOOO
Oo00000oOooooo00ooOoOoo00ooOoUOooooooooooooooggPyEr *() O
obobooboboobooobobooboboboobooooooooooobo0obooboobOoDb:-0000
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0000000000000000000000000000000000 0 PYErr_Clear() ooo
bobooouobobobooooobobooboooobooooooobooboobooooobOoboooon
(DOoooooOOoOOO000000000000D0O0O0oo0ooooooo)ooooooooboooo
00 000PyErr_Clear() oooobooooooboobooon

malloc) 0OOO0O0O000O00OO0ODODOOOOOOO0OO0OOOO —malloc() (@ OO realloc() )
0000000000000 00PYErr_NoMemory() 0000000000000 O0O0O0O0OOOO0O
00o000ooDooooooooooon (oo Pyint_FromLong() ) O PyErr_NoMemory() O0OO
O0000000000000000000000000 malloc() OOOOOOOOOOOOO

O O O PyArg_ParseTuple() uboaobooaobooaoboooboaoboaoboaobooboaboan
unxdooooooooooooooboooooboooooooooboooobooooobooo 2
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0000000000000000@O00000000000000000000000000000
0 Py XDECREF()O Py DECREF() 000000)0000000000000000!

00000000000000000000000D0O0O0O0DOOPYEXc_ZeroDivisionError oooooD
O00Oooooo PythonDOOOOOOODOOOOO COODOODOOOOOOODOOOOOOOOO
000000000000 0000000 —0000U00O00000O0000000 PyExc_TypeError
O00000000000000 (000000000 PyExc_IOError OOOOOOOOOO)OOOOOO
0000000000 OPYyArg_ParseTuple() 00000 PyExc_TypeError OO0O0OD0OOO0OOOO
000000000000 0DO000000000000O0O0O0OooOO0o0Oo0o0oOPyExc ValueError
oooooo

gbooooOoboboobooooobobobooooboboobooooboobooooooboooboboon
obooooobooooboon:

static PyObject *SpamError;

Oo0oOoOoOoOoOoDoOoODOOOO (nitspam() )00000000000O0O0OOOOOOOOOO(@©



ooooOoOoODOOoOoOoOoooooog):

PyMODINIT_FUNC
initspam(void)

{
PyObject *m;

m = Py_InitModule("spam", SpamMethods);

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

PythonOOOOOUOOOOUOOOOOOO spameerror UO0O0O0OO0OOOOOOOOOO Py-
Err_NewException() OO00O0OPythonODODOOODOOOOOOO “O0O000ODO”OOO0OODODOOO
OO0 Exception 0000000CO0O0000O0O0OOCOCOOOOOOOONULLODODODOOOOOOOOO
oooooooo)o

SpamError 000000000 OOO0OO0OO0OO0OOOOOOOOOOOOOOOOOOOOOO;OO
000000000!'000000000000000000U0000D00oUO0O00DOo0oOOoUooooOo
000000000000 0000DOoO0O0SpamErrfor JO0000O0O00ODOO (dangling pointerd O O
0000000000000 00000000000O000000O0O000O0OOO0O0OOO spamError
0000000000o0o0O0U0oOOo0O0U0cCcOU0oOoO0o0UOoOoO0o0DUoOO0oODUooOOooDUooOO
ggogbobbooooboboooboogan

000000 PYyMODINIT_FUNCOOODOOOODOOOODOOD

1.3 0004
00000000000000000000000000000000:

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

000 0000PyArg_ParseTuple() 0000000000000 00D0D0D00000O0O0O0Oon
000000 NULL(OOOOODOOOO0O0OO00OO000DO0OO0OOOO0O00OOD0OOOooOO)0OoOOOO
0000000000000 000000000000000O commandO0O00OO00OOO0OOOOOO
gooooobooboboboboobbbdoooooob bbb bbbbbouoooUgo
0000000 CO0O0O0O commandd ‘const charr command '00000000000OCOO
oo)o

00000O0PyArg_ParseTuple() 0000000000 UNIXOOsystem() OOO0OOOOOOO:

sts = system(command);

spam.system() O sts 0O Python 0000000 O0OO0ODOOOOOOODOOOOOOOO
PyArg_ParseTuple() 00O0O00O0O0OooOOg Py Buildvalue() OO0O000: Py_Buildvalue()
0000000000000 CoOO0O0oDOoooooo0oO PythonOOOOOODOOOODO
Py_BuildValue() O0000o0o0UooOooooooo



return Py_BuildValue("i", sts);

0000000Py_Buildvalue() 00000000000 00ooOo@ooooooOoO Pythono O
oooooooooOoOoOOoOOOOoOoOont)

0000000000000 (void OODO0OO0)00000 PythonDOOO NoneOODODOODOOOO
OO0O000 NoneDOOOOODOOOODOOOODOOOODDO:

Py_INCREF(Py_None);
return Py_None;

Py_None OOOO PyhtonD OO ODOOOOO NoneOOOODO COODOOOOOOOOODOOOODO
O0000000oooooo *“000"00000 NULLOODOOCOOOOONone 0000 Pythond
ooooooooon

14 OJ0OO0oO0obOOoOoobbOoobobooon

000000000000 0Ospam_system() Pythond D000 O0O0O0OOOOO0O0OOOOOOOOOOO
00000000000000000“00000000 (methodtableyDOOODOOOOOOODO:

static PyMethodDef SpamMethods[] = {

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

{NULL, NULL, O, NULL} [* Sentinel */

0000o00O0oUoooooo (METH_VARARGEI O OOOOOUOOOODOOOOOOOCODOOOOO
goo0o0ooOoOoooOoODOObOO0O000000000oo00oo0g *METH_VARARGS ‘METH_VARARGS
| METH_KEYWORDS 00 0O0;00000 PyArg_ParseTuple() ooooooooooooogod
ooo

‘METH_VARARGS D OOOOOOCOOOOPythonDODOOODOOO PyArg_ParseTuple() od
0000000000000 00oooo000ooooooo00; 000000000 o0ooOoDo0o00O0n
oo

0000000000000 0o0ooo0oDoooooDoo0OoDo0ooD0oooO0 METH_KEYWORDS
000000000000 00OooCcooooooon ‘PyObject * "OOOOOOOOOOOODO
00000U0000U00o0oo00ooo0U0000o0oU000D0OOoL00DUU00D00ooU0DO0OOOoUoUoOooOO
PyArg_ParseTupleAndKeywords() ooooooogod

gboooboobooboobooboobooboobooboobooboobooboooboon

000000000 namedO0O00O0O int namd) OOODO0OOOOOOOOOOOOOOOOOOO
gooOoOoOoOOoOODOODODOOODOOO static OOOOOQOQOOOOOO:



PYMODINIT_FUNC
initspam(void)

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

PyMODINIT_FUNCOOOOCOOUOO void 000000000 OOOOOOOOOOOOOOOUODOO
00000000 (linkagedeclaraton) 0 000000000 C++00000000O extern "C" OO
gooobbobboooooboo

PythonD DO DOODOOOOOO spamO0 00 importD O O O Oinitspam() O000000000(Python
0000000 00000O00O00000Ooooooog)initspam() O Py_InitModule() oooo
00 “00000000000"0000@UoOoUoOdtspam" OJOOOOOOO sys.modules OO
00000000000 00o0ooo0oooooog (PyMethodDef 00O 0OOO0)00D0O0OOOO0ODO
000000000000 00000000000000000O00PY_InitModule() ooooooo
00 (000000000 000)0000000D0O00000O00O0O000OOOdPyY_ InitModule()
0000000000000 000000000000O00U000O00U0O00DoooOOooooOoOo
gooobbboobbbboooooobo

PythonD OO0 000 0O 0O O_Pylmport_Inittab 00000000000 initspam() oooooo
initspam() COO0O0O0OO0O0O0OCOO0OOOOODOOOOOOOOCOOOOOOO0OOOPY. Initialize()
O PyMac_lnitialize() 00000000 initspam() 000000000000Uooooooo
gooobbobbooooobobbboooooo:

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

{
/* Python DOOOOOOO argv[0] ooo ¥

Py_SetProgramName(argv[0]);

[* Python gooooooooooooooooo ¥
Py_Initialize();

/A ODOooooooooooog ¥
initspam();

PythonD O 0000 OO ‘Demo/embed/demo.c’ OO0 OO0 O0OOOOODOOO

00:00000000 (000 fork() OOexec) O0O0O0DD0O0O0O0O0D)00O0O0O0000O0OO
0000000 sysmodule 0000000 0000O0O0O000000000O0O00O0O00 importDO
00000000000000000000000000000000000000000000000
0000000000000000000000000OOreload) O0OO00000000000O0OO
0000000000000000000 (nitspam() )00000000000000000000OO
00000000000000 (UNixOO ‘.so'0WindowsD O “.di) 0000000000000000
0000000000000000000000000

000000000000 O00PythonDOOOOODO ‘Modulesixxmodulec 000000000000
O000000oO00oO0O0U0ooO00ooO000oooO0o0oOooOOo0oooooOooOgd Windows
0000000000 PythonDOOOOO modulatorpy 0O0O0O0O0OOOOODOOOOCODODODODODOO
gooooooboobooboobooooboboooooobooboooobooooooboboooo
OO000000000O000oOOo000DoO000oO0O000O00oDoO0n *Tools/modulator” OO0 0O 0O
OO0000O00,000000000000 ‘README' DDOOOOO0ODOOOODODO
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0000000000000 0000 (dynamicloadingl 000000000000 OOOOOODOOO
obooooooooooooboooboobooooobooooOo;obboobobboooboo0ooboOoDbo
o000 B30)00WindowsD O OOOOOOODODODODODODODOODO (40)00o0o0o0o0o0o0O0O0O

O0000000000ooooOoooooODDD PythonNDOODODODODODODODODODODOODOOOOOO
0000000000000 0oo0oo00o0ooooooooooooouUNnxdooooooo
000000000000 0:00000000000000 (000 ‘spammodulec’) 0O0O0O0OO00ODO
0000 ‘Modules’ OO0 OO0O0OO0OODO ‘Modules/Setup.local' DO OO0DO0O0OO0OO0OODOOOOOOO:

spam spammodule.o

000000000000 00000000 makeOOOOODOODODODODODODOOODOOOOOOOOO
‘Modules/f 0000000000 makeDODODODDODOOD0DOD ‘makeMakefile' 00000 ‘Makefile’
OooOoO0OOO0O0O0O0O0OO0ODODOOODOO@MOOO0 'sewp 0000000000 OOOOOOO)

gboboobOobooooboobobooooobobooooobooboooobooboooooboooboon
obooooboooooboobooono:

spam spammodule.o -IX11

16 COO PythonOOODODOO

goOoOoOCOPythonD OO COOOOOOOOOOOOOOOOOOOOOOOOOOOOO:cogQ
PythonDOOOOOOOOOOODOOOOOOOOOOOOD *“O000OOO0O"000OO0OCOODOOOOO
oooooooOdoooooOooooo0oO0oogoo cogoooooooooooooooooooo
000000000000 PythonDOOODOOOOODO PythonNDOOOOOOOODOOOOODOOOO
ooooOoO0O0Oo;000000C0QCOCOODDODOOOOOODOOOOO PythonDOOOCOCODDOODO
gboobuogbooobobbooboaobooboboobooboobooboboaa

O00000O0OPythonDOODOOOOODODOOOOOOOOOOPYythonDOODOOODOOOOOOO
00000000 0ooOOPythonDODOOOO0OOODOOOOOOOOOOOOOOOODOOOOOOOOO
00000 —O0000O00O0OC0COO0O0OPythonDOOOOOO ‘Python/pythonmain.c OO0 OO OO
ooooOoo0o0O0O-cO000O0O0OoOooon)

PythonDODOOOOOOOOOOOOOOCOOOOOOUOOOOOOCOOOODOOOOOOO Python
00000000000 000 PythonDOOODODODODOODDOOOODOODODOOOOOOODODDODOODO
0000000 (@o0O00oo00oo0U0oO)00Do0o00O0Oo0oUODO0OUOOOUOOOOoOoOO
O000000000000go pythonD O O0OO00OOO0OO0O0OODOOOOOOOOOOOO —OOOQOO
000000000 —0O00000((@UOU0U0D0D000OD0 Py INCREF() ODODOOODOOOOOOOOONDO
gbooobooboobooooboobooboobuooboooon:



static PyObject *my_callback = NULL;

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

PyObject *result = NULL;

PyObject *temp;

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

}

Py_XINCREF(temp); I* ooooooooooooooog ¥
Py XDECREF(my_callback); /* Ooooooooooooo ¥
my_callback = temp; I* gopooooooooog ¥

/* "None" oooooogog
Py _INCREF(Py_None);
result = Py_None;

}

return result;

00000 METH VARARGSOOOOOODOODODOOOOOOOOOO0OOOO; METH_VARARGS
0000000001400 “00000000000000000000” 000000000

PyArg ParseTuple() O0OO0O0OO0O0O0OO0O0O00O01700“000000000000000O00”

000000000

Py XINCREF() 000 Py XDECREF() 0O0OOOOOOOOOOOOOOOOOOOOOOOO/D
000000000000000ONULLOOO00000000000000000000 (0000000
0000 tempd NULLOOOOOOOOO0O00)000000000000000000000O1.1000 *
000000°000000000

00000000000000000000000COO0 PyEval_CallObject() oooooooo
00000000000 : PythonDOO PythonDOOOOOOODO0O0O0C00O0O0OOOD PythonDOOO
000000000000 0000000000000000000D00NNNDNoNoooooooon
O0000O0OPythonDOOOOOO0O0O0O0000000000000000;0000000000000C
0000000 (singleton)J] 000000000Py Buildvalue() OOOCOOCOOO0O0O0000C0COO
00000000000000000000000000000000000000000000000:

int arg;
PyObject *arglist;
PyObject *result;

arg = 123;

/[ DO00oO0oOooooooog

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

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

PyEval_CallObject() O PythonDOOOOOOOOOOOOOOOO,;, 000 PythonODOODO
O0OO00O00O00O00PyEval_CallObject() 00000000 “0000ooog (reference-count-
neutra)’0 00 0000000000000 DOO0OO0OOO0OOOO0OODOOODOOOOOOOOODOODOO
0O Py DECREF) OODODODOO



PyEval_CallObject() O“0D00"000000o0O0:0b0ob000ooo0ooooooooooo
gooooooboobobobooobooboboobooooobobooboooooboobooboboboobooo
000o0o00oO0o0oOoO0oo0ooDO0o0OoO0OoU0Oo0o0OO0OO0ODOOOOO(@EoOoooooDOo
goooohooooooooOoOOODDOOODOO Py DECREF) DOOOOOOOOOO

000000000 Py DECREF)ODOOOOOOO NULLOOOUOOOODOOOOOOCOOOOODOO
ONULLOOODDOOODO PythonDODOOODDOOOO0OO0OO0OODODOOODOOPYEval_CallObject()
00000000000 0000O0 PythonDOOODOODOOODOOODOOOOOOO COOODOOODOO
Oo0o0O0O0 PythonDOOOOOOOOOOOOOOOODOOOOOOOOOOCDOOODOOOOOO
000000000000 0000ooooO PythonDOOOOOOOODOOOOOOOOOOOOO
000000000000 000PYErr_Clear() goboobooooobooobooooooooooog
gooobooog:

if (result == NULL)

return NULL; /* goooog *
...use result...
Py_DECREF(result);

Python0OOOOOOODOOOOOOOODOOOODODODOOOOOOOOOODODOOOO PyE-
val_CallObject() obOoooOo0oooooobooboobobooboOobobOooboOooboooboOooonoo
oboooboobooboboobooooboobooooooboooooobobooooobooooon
gooooooooboooboooboooooDoobooooooboooooobooooooboboooo
Py_BuildValue() gbobOooboooooboboooobooboooooobOoboooooooboOono
gboooobooooooobooono:

PyObject *arglist;

arglist = Py_BuildValue("(l)", eventcode);
result = PyEval_CallObject(my_callback, arglist);
Py_DECREF(arglist);
if (result == NULL)

return NULL; /* gooooag *
¥ OD0000C0OO0OOoOoooooooooog *
Py_DECREF(result);

‘Py_DECREF(arglisty '000000000000000000000000000000O0O00O0
OOoCOO0!0000000000000O0OoOoOoOoOUgOOgggg: Py _Buildvalue() oooooano
oboobOobo0oooboobooooobooono

1.7 OD0O0O0U0OooOoOoobDOoobDOoon
PyArg_ParseTuple() goo0opoooooooooooo:

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

O0agl COOOO PythonDOOOOOOOOOOOODDOOOOOOODOOOOOOOODOOO
OO0formatD 000000000 OPython/CAPOOOOOOODOOOODO *O000ODOOO0O0OOO00O0O
gbooooobooboobooboobooobooboooooobooooobooboooooobooboooon
goooobooooobobobooogooooo



PyArg_ParseTuple() O PythonDOODOODOOOOOODOOODOOOODOOODOOOOOOOOO
PyArg ParseTuple() 000000000000 COODOO0OODOOOODOOOOOOOODO
000oO000oOo0oOo:00000o0000o00o0bLOo0oo0O0DOooO0oooOOoooOOoOooOOoOO
00000o00U00oo0o0ooOooooooUooooooo!

000000000000 00000000DoO000 o000 (borrowed referencd) D000 ;00
goooooobooobooboboooboooooooooooo!

gboooboobooboobooog:

int ok;
int i, j;
long k, I;
char *s;
int size;

ok = PyArg_ParseTuple(args, "); /* ooog
[ Python OOOOOO: f() *

ok = PyArg_ParseTuple(args, "s", &s); /* oog *
[* Python OOO0OOOOO: fCwhoops!) */

ok = PyArg_ParseTuple(args, "lIs", &k, &I, &s);
[ 000 long OOGQOQ *
[* Python OO0OO0OOOOO: f(1, 2, 'three’) */

ok = PyArg_ParseTuple(args, "(ii))s#", &i, &, &s, &size);
[ 000 int OO0O0O0000000O0Ooooo
* Python OOO0OOOOO: f((1, 2), 'three’) */

char *file;
char *mode = "r";
int bufsize = 0;
ok = PyArg_ParseTuple(args, "s|si", &file, &mode, &bufsize);
[ 0D0000000000O00O00o0ooOoooooooO ¥
[* Python 0OO0O0OOOOO:

f('spam’)

f(spam’, 'w’)

f('spam’, 'wb’, 100000) */

int left, top, right, bottom, h, v;
ok = PyArg_ParseTuple(args, "((ii)(ii))(ii)",
&left, &top, &right, &bottom, &h, &v);
[ O0O00O0oOoOoOooooo ¥
/* Python OOOOOOO:
f(((0, 0), (400, 300)), (10, 10)) */

10



Py _complex c;

ok = PyArg_ParseTuple(args, "D:myfunction”, &c);
[ ODO0O00oOoOoOoOooooooooogogog A

[* Python O0O0OO00OO00O0O: myfunction(1+2j) */

18 00000 0ooooooooooooon
PyArg_ParseTupleAndKeywords() ooooboooooooooooo:

int PyArg_ParseTupleAndKeywords(PyObject *arg, PyObject *kwdict,
char *format, char *kwlist[], ...);

arg O format0 O O 0O 0O PyArg_ParseTuple() O00000D00kwdictDOOOOOOOOOO
O00000000 PythonDOOOOOODO0OODOOOO0ODOOOO0ODODOOOOOkwlistOOOODO
O000000o0oooooooo00oooooONULLOOO0O00o0oooo0D; 0000000 formatO 00O
O000000000O0O00ooOoOooooo

00000 PyArg_ParseTupleAndKeywords() 000ooooooooooooooooooooo
ooooooood

00:0000000000000000000000000000000Mklist0 00000000
oo00oDoOobo0oooOobooo0oOTypeError ODOODOODOODOODO

000000000000000000000000000 Geoff Philbrick philbrick@hks.com) O O O
gboooboooooobooon:

11



#include "Python.h"

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

{
int voltage;
char *state = "a stiff";
char *action = "voom";
char *type = "Norwegian Blue";
static char *kwlist[] = {"voltage", "state", "action", "type", NULL};
if ('PyArg_ParseTupleAndKeywords(args, keywds, "ilsss", kwilist,
&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 PyObject* 0OO0OO0OCOOOOOOOOOOO
* JO0O0O000 keywordarg_parrot() ooooooooooooo
* 0oo
*/

{"parrot", (PyCFunction)keywdarg_parrot, METH_VARARGS | METH_KEYWORDS,
"Print a lovely skit to standard output."},

{NULL, NULL, 0, NULL} * ooooooo ¥

void
initkeywdarg(void)

[ O000O0OO0oOooooooooooo *
Py_InitModule("keywdarg", keywdarg_methods);
}

19 O0OoOOoooobod

Py Buildvalue() O PyArg_ParseTuple() O0O000000O0000C0CO0OO0O0OOOOCOOOO0
ooooooo:

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

Py_BuildValue() O O PyArg_ParseTuple() ooooooooopoooOooooooooooon
00000000 (o0oDooo00oooooo0oooo)0oooooooooooooooooon
O0O00O0O0OO0OPythonDOOOODOOO COOUOOOOOOOOOOOOODO PythonDOOODOOOO
oooo

PyArg_ParseTuple() 000000000000 : PyArg_ParseTuple() Ooooooooo

12



0000000000 (Python00O00O00O00O00O00O00O0O0O00O0000000000O00)00
Py Buildvalue() @=0000000O000O000O0O00OPY Buildvalue) OO00O000O0O00O
000000000000 O0000000000000000000000000000000NonedO
00000000000000000000000000000000000000000000000
00000000 100000000000000000000000000000

000000000 (ODODODODODODOOOOOODOOO PythonDOOOOO):

Py_BuildValue("™) None
Py_BuildValue("i", 123) 123
Py_BuildValue("iii*, 123, 456, 789) (123, 456, 789)
Py_BuildValue("s", "hello") 'hello’
Py_BuildValue("ss", "hello", "world") (hello’, 'world")
Py_BuildValue("s#", "hello", 4) "hell’
Py_BuildValue("()") 0
Py_Buildvalue("(i)", 123) (123,)
Py_BuildValue("(i))", 123, 456) (123, 456)
Py_Buildvalue("(i,i)", 123, 456) (123, 456)
Py_Buildvalue("[i,i]", 123, 456) [123, 456]

Py_BuildValue('{s:i,s:i}",

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

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

110 DOOoOOoOon

coct+ggoooooOopooofoooopoooopooUooDoOooooDooooDooOoooDoobooo
00000000000 CODOOO malloc() Ofree() ODOODOOOCHOOOOOOOOODOOO
OO newl delete 0000000000 OOOOOOOCOOOOOOOOOOOOO

malloc) O0O00OO0OOO0O0OOO0OOOOOOOOOCOOOOTfree) DOOOOOODOCODOOOOO
0000000000000 0000000DO0O0O0O0O0oOUOfree() 0OODOOOOOOOOOOOO
0000000000000 00O0free() OOOOOOOOOOOOOOOOOOOOOOOOOOO
bbooooboooobooboboooooobobooooooboobooooooobobooooon
0000 (memoryleakO 0 0000000000000 00OOODOOOOCOOCODODOO free() O
00000000000000000000000000000 malloc() OOOOOOCOOOOOOO
0000000000000 0000O000O0000O000000 (usingfreedmemopy 00O O0OOO
obooooooboooobooooooooboooboooboobobo —000obooooobooooooobo
o000 —-00000o0o00o

ubbogbboobobooboobuoobuoobooboaobooboboobooboobaaonad
gboooooooooooooooobooboboooooooooooooboobobobobon
gboboobOobooboobobooooboboooobooboooobooboooooobooooon
ooboooooboooooooobooobooboooobboooooooooboooooboocOooooobooon
gbboobbobobooboobooboboobboobbobboobobooboobooboonoaan
gobooboboooboboobboobbo:gobooobboooboboobobooboboobboooon
boboobouobobobooooooboooooobooooobooobooboboooobOoboOoboooon
gbobooooboobooooboooobooboooooobooooobooboooooobooooon
gbooboboobboobooobuooboobooboobooboobobobobooboobooboan
gbooobobooobobooooboooooboobooobooono

PythonO malloc() O free() OO0O0ODOOOOO0OCOOOOOCOOOOOOOOOOOOOOOOO
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00000000 0000UUUUUOoOoOOOOOOOOOOODOOOOOyg (reference countingd
gobooooooooooobooboobooobooo:oboobooooobboobDoobDooobbo
boboobooboobooboobooooobooboooooobobooooobobooooobooooon
gbooooobooboboooobOobooooooooboooooboobooobooooboboooon
obooobboooobooooboooo

0000000000000000O0000 (automatic garbage collectigd O OO0 O0O0OO0OOO(COO
0000o0o000o0o000oOO0O000ooOo00ooOOo0o0oOoOOo00oOO0O0DoooOOo0oooDOn
00 “00 (automatic)’)D0000000) 0000000000000 O0OO0O0OOOOO0OO free()
000000000000000000d00(@O00O0O0Oo00oO00DOooOUooOoDoDoooUoooOnO —
Oo000o00oooooooooooo)cooooooooooOoooooooDooooooooooon
00O00o00o0o000ooOo000oOoO00ooooOoOO0o0D0oOoOOo0D0oOoOOo0D0oOOoOOoUOoooDOn
000 (malloc() Ofree() UOO0OOOUOOOOOOO —COOOOOOOOCOOOOO)YIOOOO
gooDd00oobO0oO0ooOOobOoooOO00DO cognooooobooooooooDOoooOoooooDoOooon
gooobbobbooooboboobooob

PythonD ODODOOODODODOOOOOODO0OOODOOO0O0DO0O0O0O0OODOOO0OODOOOOOOOO00O0OO
OO0OO0COQOQO (cycledetector D 0000 O0O0O00O0O0OOOOOOOOOCOOOOOOOOOODOO
oobooooooooobooooobooobooooooooo;,booboooooooooooooo
0000000000000 00000000000O0000000000ODO(@DODODODOOOoOOoOD)
boboobooboobooboobooooboboooooobobooooobooooboobooooon
gboooooboboooboobooboboooooobobooooooobobooooooboobooooon
obooobOoboooooboooooobooooobooobooooobooooobooboooboooon

0000000000000 000O00D0U0oO0oOOPythonDO0OOOOODOOOO (finalized
_del () 0OOODOO0)ODODODODOODODDOOOOOOOOOOOOOOODODOOOOOOOOOOOO
O0000000000000000 gc 000000 (O0O00DOO0OO0O00ODOO garbage O0OO)
O000000gc000O0OODODOOCOOOOOO (collect() oo)OooooooOooooooooo
gboobooabboobbooboboobooboobooboooboboobooboobaoooboaan
000000000;00000000000D0000UNIXO00O0O0DO0O00 (MacOSXOOOOO)O
000000 configure 00O 0OO--without-cycle-gcO O OO00O0O0O0O0OOOOOCOOOOOODOO
‘pyconfig.h’ OO OO WITH_CYCLE G@ODOOOODODOOOOOODODOOOODOOOOOOODOO
gboodbdgedboobooboobOoobDOoOod

1.10.1 PythonOOOODODOOODOOO

Pythond 0 OOODODOOOOODOOOOO0O0OODO0O0OOO0O0O0O0OOO00O0DOOPY INCREF(X)
0 Py DECREF(x) 000O0O00Py DECREF() 0000000000000000000000000
0000000000000000000000O0Ofree() 0000000000 —0O0OO00O0O0COO
000000000000 (ypeobjet 00000000000 (000O0OOOOOO)00OOOOOO
000000000000000000000000000000

0000000000000O0O0O0O0: 00 Py INCREF(x) O Py DECREF(x) 0000000000
00?000000000000000000000000C000C000000 “00 (own)’0000
0000000;000000000000000000000 ownareferenc@ 00000000000
00000000000 000000000000000000000000000000000000
00000000000000 Py DECREF) 0000000000000000000000 (transfer)
000000000 (ownedreferencd) 000000000000 0Py DECREF) 000000000
000000000000000000000000000000000000000
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0000000000000000 (borrow) 0000002000000 00Py DECREF) DOOD
00000000000000000000000000000000000000000000000
00000000000000000000000000000000000000000000000
oooooooooo®

gooooooooboooboobooooooobooooooobobooooobDoboobooobooboo
obooooobooboooob—000booboboooooobooboobooboooboooboooo
boocooooboobobooooobobooooooboboobooboobooboooobobooooon
gboooooboobooboobooooobooboooooobooooooboooooobooooon
boboobobooboobobooooobooooboooon

Py_INCREF() OOODOO0OOODOOOODOOOODOOOOODOOODOOOOOOOOODOOOOOO
0000000 —Py INCREF() OOOOO0OO0OODOOOOOCOOOOOOOOOODODDOOCODOO
000 (@CO000O0000000000000000000O0O000D0D0D0obOoOOoDOOODOoOoOooO)o

1102 ODOOOOOOOOO

gboooboooboobooboobooboobooboobooboobooboobooboan
boboobobooboobooooboobooooon

0000000000000 000000000000000000000000000
Pylnt_FromLong() O Py_BuildValue() 00000000000000000000000
00000000000000000000000000000000000000000000000
0000000000000000000000PyInt Fromlong() 0O0000000000000O0O
00000000000000000000000000

PyObject_GetAttrString() 000000000000 0D00000D0000O0D0000O000noo
0000000000000 ob oo oobOOoooDoooooa
000000000000 0000000000000: PyTuple_Getltem() O PyList_Getltem() 0
PyDict_Getltem() 0000 PyDict_GetltemString() Ooooooooooooooooooon
ooooooooon

Pylmport_AddModule() ooooboooobooooobooooooobooobooooooooog
000000 0:00000000000000000000000000000 sys.modules 000
gooobood

0000000000000 ooO000oOO000OooO00o0OO00ODOOo0D0OoOOoooooDOoO
— 0000000000000 000000 Py_INCREF() ODOOOUOOUOOOOOOUOOOOOOO
0000000000 00000D0O0: PyTuple_Setltem() O PyList_Setltem() oooooo
000000000000 0000000000000o0oon (takeoverl O —OOOOOCOODOO!
(PyDict_Setltem() 0000000000000 o0o00 —O000O0O0O0OD *ooOo"0ooon)

PythonDO COOOO0O0OOOOOO0OOOOCOOOOOOOOUOOOOOOOOOOOOOOOCOO
oobooOoobobooooobooooboooooobooOoobooboboOooboooobooobobboOooobo
0000000000000000000000000000000000000000OPyY_INCREF()
gbooobobooooboooooga

PythonDOOOOOOO COOOOOOOOOOOOO0OOOOOOOOOD —OOO0OODOOOOOD
obooobooooboon

20000000 00000000D000000D000000:000000000000000D00D00000000000
oooooo

S0000000100000000000000000000 —0000000000000000000000000000
gooooooooboooooooooooooooo!
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1.10.3 OO

boboobooboboooobooboboooooboobooboooooboobobooooobOoooooon
oboboooOobooboobOoboooobooboooooobooooOooboboooooboooon
oboooboooooboon

gbooobooobooobooboobooboobooboobooboobooboobooonooa
0000000000000 000000O0 Py DECREF)OODODOOODOOO:

void
bug(PyObject *list)
{

PyObject *item = PyList_Getltem(list, 0);

PyList_Setltem(list, 1, PyInt_FromLong(OL));
PyObject_Print(item, stdout, 0); /* BUG! */

00000000lst0] 00000000000 list1] goo0OOOoOo0oOoooogoooooo
gooooooOoO0OOOO0O0O0O0O0O0O0OO0OOOOCOOOO?0000D0D0DOOOO!

PyList_Setitem() 000000000000000000000000000000000000
00000000 10000000000000 10000000000000000 1000000
00000000000000000000000_del () 0OO0OO0O0O0O0O0O0OO0OO0OOOOOOO
00000000000000000000C0 10000000000000000000000000
0 del ( 0O0O0DODOOOO0OOOOO

0000 PythonDDOOOOOOOO_del () 0OO0O0O0 PythonOOOOODOOOOOOOO
_del_() Obug) OOODitem DO0O00ODODO0O0OOOO0OOOO0OOOO? 0O0O00! buf()
00000000 _del () O00000O0O0O000O0O0OOOO'el lisfo] 0000000000
0000000000000000000st0] O00000000000000000000list[o]
00000000000000000000000iem O000000000000000

ooboooboooobooobooooboobooOooooboooooooboooobooobooooobooon
ooooooboooboobon:

void
no_bug(PyObject *list)

PyObject *item = PyList_Getltem(list, 0);

Py_INCREF(item);

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

000000000000 0000000000 PythonDOOODOOODOOODDOOOOODOOO_ del_(
oooooooooobobooooobooooooboooobD coooooooooboOooooobooOoooDoo..

0000000000000 0O000O000O0O000O0O00ooO0OO PythonDOOOOOOOODOOO
oboboobOobooooboobOoboooobooboooooobooooboobooooooboooon
OO00000O0O0000DDOOo0o000o0n0OD Py _BEGIN_ALLOW_THREADSOOOOOOOOOODO
O0OPy_END_ALLOW_THREADSO OO ODODOOOOOOODOODOOOOOODOOOOOODOOVOOOO
goooooooOoOOyoooOoOoOOOOOOOOOOOODODOOOOOOOOOOOOOOOOOn
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obooobOobooobooboboooboboooooobooon:

void

bug(PyObiject *list)

{
PyObject *item = PyList_Getltem(list, 0);
Py BEGIN_ALLOW_THREADS

oooooooooooo 1Yo oooo..

Py_END_ALLOW_THREADS
PyObject_Print(item, stdout, 0); /* BUG! */

1.10.4 NULLOOOO

ooo0o0oo0o0ooo0o00ooOo0o0ooobOoO0o0o0oDOO0o0O0DO0 NULLODOODDOODOOooDbDobooOooo
00000000000 (ooooooooooooooL)oooooobUoooooo
gobooooboobooboobobooboobooboooooobOobOooNILLODOODOOODbOOonOD
OO0 NLLOODOOOOO0DOoO0oooooooooobooooobooooobooooooooooooboooo
0000 —0000ooNILLOOOoOooobbooDbOobobooooooooboooboobooooooo
oooooooo

ooooNULLOOODOO0OD0O0DbO0000 “000"™o0000b0o NuLLODOOobobooooooon
0000000000000 O0O0OOmalloc() OOOOOOOOOOOOOOOOOOOOOOOO

000 Py INCREF() 00O Py DECREF() O NULLOODOOOOO0OOODO0O000O0 —00000
0000000000000 Py XINCREF() 000 Py XDECREF() OO OO OOOOOOO

OO00OOCOOOoOOOOOQOOOOODOOO (Pytype Check() )OO NULLOOOOOOOOOOOOO
ub —0Oabogbooboooboobooboboboobooogboboboooooboobaoban
oboooooooooooooboobOoNILLODOOoOOooOooooooooboobobobooooo
OO000o0ooooOooooooNULLODODODOOO0OODO00ODODO0O

PythonDO COOOOOOQOOOOOCOOOOOOOOODOOO(OOODOOOO args)0O0OO
NULLOOOOOO0OO0O0000000 —0000000000000000o0ooooooa?

NULLOOOOO PythonD OO OOOO “000"0000000O00OOOOOOOOOOOOO

111 C++Oogpobogoonod

c++00000000000000DO0000O00O00DO00DOO00OUO0OOOoOOOO (PythonOdO
oo000)0o coooOoO0ooooOoOooOooooOooOooooOooOoOooOoOoOoooOoOoOoOoooDOOn
ocoooooboooooOoooooooooOoooobpo c++goOoooOOooO0OooooDooObooOoOoooo
O00000O00O0OPythonDDODODOO0O00O00000000(DO0DDODOOOODODODODOO)DAOextern
"C* 0000000000000 OoO0O0O0OOPythonDOOOOOOO extern "C* {...} ooo
goooooooOoO—0ooon0 ‘_cplusplus "(ODOO CH+O000000O0O0O0OOOOOOOOO0O
Oo0)oooooooDoOOO extern "C {...} gboooboooooboboobooboobooobon
oooooooboog

“000”"00000000000000000000000000000 —0000000000000000000000
oooooo
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112 OJO0O0OD0OO0O0O0O0O CAPIOODDOOO

0000000000000 PythonDOOODOOOODODODOODOOODODODODODOODOOODODOOOOO
uboboobooboboboooooboboobooooboobooboobooboooooobobooooon
O0000000OopoooOO 000000 (collectiony’D 00 0O0O0O0COOODOOOOOOOOOOOO
0000000000000 0000O CAPIDOOOOOO PythonDOOOOOOOOOODOODOOOO
gogoooooOooooooOooooooO00oooodoOoDooO0 copogooopooOoooo
good

gooOoOoOOOOOO0OOO0:00000 (@UUOOd static OOOOOOOOO)DOOOOOOOO
ooooooobooOCAPIDDOOOODOOODOOODOOOOODOOODDOOODOOODOOOO
00 PythonDOODOOODODOOOODODODOOOOOOODOOOODODOOOOOOODOOODOODOOOO
bobooboobooobooboobooooboobooooobooboooooobobooooobooooon
gooOoCOOOQOU000O00OoOooOoOoOoOoOoOoOoOoOoOooOoOoOoOoOoDO; 0000000 Pythond OO
oo0o0O0O0000000000000000000000000000O0O0OD (000 windowsyd O
0000000000000000000000000000000000000000O0O0O0 (AIXOO
O00000) 000000000 (Ooooo uNnx)bOODooOoooOoOoOooOoooooOoUooooo
oboboooOobooboooobobooooobobooooobobooooobOobooooobOoooon
coooooooopooooooooooo!

gboooobooboooooooboboboooooooboboobooooboboboooooboboo
0000000000000 00 static 0000000OODOOOOOOOOOOOOOO0OOOOOO0O
000 @40000000)00C0OD000O0OOOO0OOOOOOOOOOCOOOOOOOOOOODOOO
obooooOoboooboobooboooooboboooooboboooboOobooooobobooooon

PythonDOOOOOOOOOO COOOOOO (COOO)U00ooooooooooooooooo:
CObject0 D0 D0D0OO0DOOOCObjectD O DODODO (void* )OO DO OO PythonD OO OO O OO CObjectd
CAPIDODOO0OU0DOOO0OOOU0OOOUOOOODOOUOOOO PythonDOOOOODOOOOOOOODO
O0O00UoOoOoOodocCOhjectDO0OO0O0OO0O0000OODODOOOOUOOODOODOOODODDOODO
O000000O0000O0O0 import000000000O0O0O0OOO CObjectDOODOOOOOOOODO

00000000 CAPID0000000000OOODODO CoObjectODODDODOODODOOOOOOO
0000000000000 0OCObjectDOOCObject DO ODODODOOOOOODODOOODOOOODOO
O0o0ooo CAPIDOODOOOOOOOODODOOOOOOOOOODODODOOOOOOOOOOOOOO
obooobOobooboobobooobooboooooboooooboOoboooooboooooboOooon

uboobooobooaoboaoboaoboaboobooboaboaobooboaoboabooanood
000000000000 00000O000000000000O0O0O00O000 CAPIDODODO (ODOO
00000000 OO0COhject0 0000 void OO0OO0OOOO0OOOODDOOOOOOOOOODOOO
O0000000Q0O0O000OO0OO import CAPIDOODOOOOOOODOOOOODOOOOOOO
O;00000D000000C00CAPIDDOO0ODOOOODOODOODODOODOO

O0000000000000001.100spamO00000000O0OO0OODOO0O spam.system()
OcOOOoOoOoOOsystem() OOO0OO0OOOOOOPySpam System() OD0O0O0OO0COCOOOCOOOOOO
o0ooooOoo(@QuooOoooo “spam’0000000O0OCOO0)00D0O00O0O0ODOOCO0OOOOOO
000 PySpam_System() 000000000000 DO0OO0OOOODOO

00 PySpam_System() 0000000000000 static 000000000 COOOOO
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static int
PySpam_System(char *command)

return system(command);

spam_system() OOO0OO0DOO0OOCOOOOOCOOOOOOO:
static PyObject *
spam_system(PyObject *self, PyObject *args)

char *command;
int sts;

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

sts = PySpam_System(command);

return Py_BuildValue("i", sts);

uboooboooobooboooon

#include "Python.h"

gooooobooo:

#define SPAM_MODULE
#include "spammodule.h"

gbooobooooooao

#define 0OOOOODO ‘spammoduleh’ 00000000 O0OOOOODOOOOOOOOOOOOOO
oboboobOoboboobooobooboboooooooboooobooboobooooooooboooon
OO0000O0O000DD CAPIDODOOOODOOOODOODOODOODOOODODOOO:

PyMODINIT_FUNC
initspam(void)

{
PyObject *m;
static void *PySpam_API[PySpam_API_pointers];
PyObject *c_api_object;
m = Py_InitModule("spam”, SpamMethods);
/* C APl ODOOOOoooooooo ¥
PySpam_API[PySpam_System_NUM] = (void *)PySpam_System;
/[ APl 0O00OO0OQ0OQOOOOO0O0O0O0O00 CObject OOOOO ¥
c_api_object = PyCObject_FromVoidPtr((void *)PySpam_API, NULL);
if (c_api_object != NULL)

PyModule_AddObject(m, "_C_API", c_api_object);
}

PySpam_API O static 000000000000 O0O0O0C0OO00;0000000O00O0 nitspam()
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cooooo0ooboooOoooooooooooooo!
00000000000 000D0O ‘spammodule’ DOOO0OOO0DOOOOODOOOOOO:

#ifndef Py_ SPAMMODULE_H
#define Py_SPAMMODULE_H
#ifdef __ cplusplus

extern "C" {

#endif

/* spammodule OOOOOOOO ¥

/* C APl OO ¥

#define PySpam_System_NUM 0

#define PySpam_System_RETURN int

#define PySpam_System_PROTO (char *command)

¥ C APl OOOooooo *
#define PySpam_API_pointers 1

#ifdef SPAM_MODULE
/* 00000 spammodule.c OO0ODODODOOOCOOOOOO ¥

static PySpam_System_RETURN PySpam_System PySpam_System_PROTO;

telse
/¥ 00000 spammodule O APl OD0D0OO0OO0OOOOODOOOOO ¥

static void **PySpam_API;

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

A 0000000000000 -1 Dooooog oooo
static int
import_spam(void)
{
PyObject *module = Pylmport_ImportModule("spam");

if (module != NULL) {
PyObject *c_api_object = PyObject_GetAttrString(module, " _C_API");
if (c_api_object == NULL)
return -1;
if (PyCObject_Check(c_api_object))
PySpam_API = (void **)PyCObject_AsVoidPtr(c_api_object);
Py DECREF(c_api_object);
}
return O;

}

#endif

#ifdef __ cplusplus
}

#endif

#endif /* defined(Py_SPAMMODULE_H) */

PySpam _System() 000000000000 COCOOOOOOOCOO00000000000000O0
00000000000 import spam() OO0 (000000)0000O000:
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PYMODINIT_FUNC
initclient(void)

{
PyObject *m;

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

return;
¥ OD000C0OOoOOoOooooooooo *

OO00000000O0000DO'spammoduler’ 0 O0O0O0O0DO0OO0OO0ODOOOOOOOOODOOOO
gbooobooboobgooobooboobooboobooobobboboo

OOO0O0CObhect OO0 ODDOO0ODOOODOOODOOOOOUODOOOODODOOOOOODOOOO
0000000000000 0o0oo0o00ooo0onooooooDoooOooog Python/CAPO OO
000000000 “CObjects”"0 00000 CObjectsD D OO0 (PythonDODOODOODOOOOODOO
O O ‘Include/cobject.h’ 00 0 O ‘Objects/cobject.c’ DO O OO OOOOO
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HEN

Joooobood

O0000000000PythonDOODOOOOOOOCOOOOOOOO PythonDOOOOOOOOOOO
0000000000 00OoO0O000oOooOoooo PythonDO0O0O0O0OOOOCOOODOOOOOOOO
oooooo

uboaboooboooboaoboaobooboobooboaoboobooboaoboaboaonood
gboooobobooboooboobooobobbobooboobuooboobobobooo

O0: Python2. 20 0OOD0OO00OO0OO00OO0OOOOOOOOOODO(ODOOO)00OOO0OO0OO0O Python
22000000000CO0000000000D0ODODOO0OCOO0O0O0UOOCOCOOOOOd Python
obooobOoboooooboboooooboooooboooooboOoobooon

21 000004

PythonD 00000 D000000 Pythond D0O0O0 D0 PyObjectt 00000 DO00OO0OOPYObject
00000000000000000000000000000000000000000000000
00000000 (typeobjectt 0000000000000 0O0O0ONOOOOONONONONONDNOOOOOO
00000000000000000000000000000000000000000000000
000000000000000000000000000000000000 (CO0)00000000
000000000000000 CO00000000000 (type method) 00000 [.append 00O
0000 (@O00000000000000 (objectmethod)) 0000000000

uboobooabooaoboobooboabooboaoboobooboobooboabooaonoad
gooo

googooobooobooobooboobooboobooboobooboobooboonboo
oboooooboooobon:

#include <Python.h>

typedef struct {

PyObject_ HEAD

[* Type-specific fields go here. */
} noddy_NoddyObiject;

static PyTypeObject noddy_NoddyType = {
PyObject HEAD_INIT(NULL)
0, [*ob_size*/
"noddy.Noddy", [*tp_name*/
sizeof(noddy_NoddyObject), /*tp_basicsize*/
[*tp_itemsize*/
/*tp_dealloc*/
[*tp_print*/
[*tp_getattr*/
[*tp_setattr*/
[*tp_compare*/

[eR=NeN-N-Ne!
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[*tp_repr*/
[*tp_as_number*/
[*tp_as_sequence*/
[*tp_as_mapping*/
[*tp_hash */
[*tp_call*/
[*tp_str¥/
[*tp_getattro*/
[*tp_setattro*/

, [*tp_as_buffer*/
Py_TPFLAGS_DEFAULT, [*tp_flags*/
"Noddy objects", [* tp_doc */

eecleolejoleNoNoNoo]

h

static PyMethodDef noddy_methods[] = {
{NULL} /* Sentinel */
h

#ifndef PyMODINIT_FUNC /* declarations for DLL import/export */
#define PyMODINIT_FUNC void

#endif

PyMODINIT_FUNC

initnoddy(void)

{
PyObject* m;

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

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

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

gbooobooobooboobooboobooboobooboobooboobooboobon
gooobood

gboooboooooboobooooooo:

typedef struct {
PyObject HEAD
} noddy_NoddyObiject;

OO0 NoddyOOOUOUODODOOOOOD —OOOOOOOOOODO PythonOOOODOOODODOOO
gobooooooooobooboboobooobooboobobobobooboboobOooooo
O PyObject HEAD 00000 O0OO0OO0OO0OOOOOOOOOOODDOOODOOOOOOOOODOOOOOO
gboboooboooboooboooboboobobooooobooobOooobooboboOoobooooboon
PyObject HEAD 00 0000000000000 O0O0OOCOOODOOO0OODOOODOOOOOOOOO
goooooooboboobobooobooooooboooooooDoboboboooobobooooo
0000000000000 0000O000o0O0O00oOo0o0ooooOoOooooooooo! (Windows
OOO0OOMSVisualCOOOOOQOOOOOOOOOOOOOODOOOODOOODDDODOO)

Oo0o0oO0oOoOoOoDoOoOoOoOO PpythonDOOOOOOOOOOOOOO:
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typedef struct {
PyObject_ HEAD
long ob_ival;

} PyIntObject;

ubodgbuoobooobooboobooboboobooon

static PyTypeObject noddy_NoddyType = {

PyObject_ HEAD_INIT(NULL)

0, [*ob_size*/

"noddy.Noddy", [*tp_name*/

sizeof(noddy_NoddyObject), /*tp_basicsize*/
[*tp_itemsize*/
/*tp_dealloc*/
[*tp_print*/
[*tp_getattr*/
[*tp_setattr*/
[*tp_compare*/
[*tp_repr*/
/*tp_as_number*/
[*tp_as_sequence*/
[*tp_as_mapping*/
[*tp_hash */
[*tp_call*/
[*tp_str*/
[*tp_getattro*/
[*tp_setattro*/
[*tp_as_buffer*/
Py_TPFLAGS_DEFAULT, [*tp_flags*/
"Noddy objects", [* tp_doc */

eNecleleloNolNololooNoNoNoloNo)

o

‘objecth’ 0O OO0 PyTypeObject 00D O0OODODOOO0OOOODOOOODCOOOOOOOOOOOO
oooooooooooooobooooo cooooobooooooooOooooboooooboooo
oboooOobooooobobooobOoboooooboon

uboobuooboobgboboobooboobooboobaon:

PyObject HEAD_INIT(NULL)

gbooboobooboobobboobooboobooboobon:

PyObject_ HEAD_INIT(&PyType_Type)

0000000000000 00000tped0000000000000000000 CO000OO
00000000000000000000000000000000000 PyType Ready() OOO
oooooo

0, [* ob_size */

00000 ob_size 00000000 OODOOOOOOOOOOOOOODODODOOOODOOO
00000000000000 PythonDOODOOODDODODOOOODOOOODOODOOODOOOODOOOOO
gboboobObooooboboooobobooooaon
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"noddy.Noddy", [* tp_name */

ubboobobooobbooboobooboobboboobboobbooboobooboaonad
goooboooobooood:

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

go:oobbobbbbooobobbobbbbobddoooooooooo g
000000000 DO0000O0oO noddy 0OOODOOO Noddy DODOOOOOOOOOODOOO
noddy.Noddy OO0 OOO0O0O0OO

sizeof(noddy_NoddyObject), /* tp_basicsize */

000000 Pythond PyObject New() D0OO0O0O0OD0O00O00OO0O00O00OO0O0O0O0OOO0O0OO
00000000000000

0, [* tp_itemsize */

gboboobooooboobooooboboooboobooooboooooboooobOoooon

I A A A o o o R R A A I Y ({ = To ) IR
Py _TPFLAGS DEFAULTIODOCOODO

Py _TPFLAGS_DEFAULT, I*tp_flags*/

0000000000000 000000000000O0O0O00O0ODO0O000O0OO0O0O0 Pythono OO
gbooobooobooboobooobog

0000 docstringd tp_ doc OOOOOO

"Noddy objects", [* tp_doc */

boooooobooboboooobooboboooooobobooboooobooboboooooooboboon
obobooooboboboobOobooooboobooooooboooooobooooooboooon
oooooooo

000000C0O0000000 Neddy 000000000000 COOOO00O000000000000
00000000000t new 0000000000000 O0O000O000APIOOOOOOOOOO
000000000 PyType GenericNew() OOO0O0O0O000000000000tp new 00000
000000000000 00000000000000000000000000000000000
0000000000000000000000000 C000000000000000000000
0000 tp new O00O0000000O0O0O0000O00C0OO0PYType Ready() O0OO00O0O0:
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noddy_NoddyType.tp_new = PyType_GenericNew;
if (PyType_Ready(&noddy_NoddyType) < 0)
return;

gooobobo0ooboobooooOo NuLLOOOoOoOobooooboboboooooo
0000000000000 0000000000000OOOinitnoddy() ooooogo:

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

00000000 NULLOOOOOOO ob_type 0000000000000 O0O0OONoOddy 0000
goood

PyModule_AddObject(m, "Noddy", (PyObject *)&noddy_NoddyType);

goOoOCOCOCOOOOOOOOCOCOCO00O0O0O0O0OOOOOONOddy DO ODODODOO Noddy DO OO
oboooooboooobon:

import noddy
mynoddy = noddy.Noddy()

goo000!'00000o000o0ooOoOboCoOO0OO00000UUOLOO00000d “noddy.c DOQOQOO
OO000D00C000D0O00 ‘setuppy JOOOOOODOODOOOODOO

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

gboooboooobobooooobooon

$ python setup.py build

00000000000 0000000 *noddyso’ DOO0O0OOOOOO0OOOOOOOOOOO Python
OO0O0O0O00O0O0OOimport noddy OO NoddyDOOOOOOOOODOOODODDOODODOOOOD

ooooooooooooooooo?

00000000 NoddyOOOOOOODOOOOOOOOOOOOOOOOOODODOODOOOOOO
gboooboooboobgooboobobooboobooobooo

211 OO00O0OO0O0OOODOODODOOOOOOOOn

boooooboobobooooobooboooooobobooboobooboooooooboboooon
000000000000 00000000000DO noddy2 OO0 0OODODDODDOOOOODODOO:

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

typedef struct {

PyObject HEAD
PyObject *first;
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PyObject *last;
int number;
} Noddy;

static void

Noddy_dealloc(Noddy* self)

{
Py XDECREF(self->first);
Py_XDECREF(self->last);
self->ob_type->tp_free((PyObject*)self);

}

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

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_FromsString("");
if (self->last == NULL)

{
Py DECREF(self);
return NULL;
}
self->number = 0;
}
return (PyObject *)self;
}
static int

Noddy _init(Noddy *self, PyObject *args, PyObject *kwds)

{
PyObject *first=NULL, *last=NULL,

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

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

if (first) {
Py XDECREF(self->first);
Py_INCREF(first);
self->first = first;

}

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

}
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return O;

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

3

static PyObject *
Noddy_name(Noddy* self)
{
static PyObject *format = 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_Buildvalue("OQ", 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"
}
{NULL} /* Sentinel */

b

static PyTypeObject NoddyType = {
PyObject HEAD_INIT(NULL)

0, [*ob_size*/
"noddy.Noddy", [*tp_name*/
sizeof(Noddy), [*tp_basicsize*/

0, [*tp_itemsize*/
(destructor)Noddy_dealloc, /*tp_dealloc*/

0, [*tp_print*/

0, [*tp_getattr*/
0, [*tp_setattr*/
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[*tp_compare*/
I*tp_repr*/
[*tp_as_number*/
[*tp_as_sequence*/
[*tp_as_mapping*/
[*tp_hash */
[*tp_call*/
[*tp_str*/
[*tp_getattro*/
[*tp_setattro*/

, [*tp_as_buffer*/

Py TPFLAGS_DEFAULT | Py _TPFLAGS_BASETYPE, /*tp_flags*/
"Noddy objects", /* tp_doc */

eecleleoloNoNolNaloNo)

0, /* tp_traverse */

0, /* 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 */
Noddy_new, I* tp_new */

h

static PyMethodDef module_methods[] = {
{NULL} /* Sentinel */
h

#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.");

if (m == NULL)
return;

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

boboobooboobooboooobooboooooon
000 includeD00O0O0OO:

#include "structmember.h"
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O00O0O0O0O0O0OD00OD0OD0OODO include0 0000000000 OOOOOOOOO

Noddy OO0ODDOO0OD0OO0OOOOO Noddy 0DDOD0OO0OO0O0DDOOOOO0ODOOOODOOO Nod-
dyType 00O OO0

0000 Noddy OO 3000000000000 OO0OOOOfIrstDlastd 000 numberd OO first O
lastDOO0O0OOOOOOOOOOOOOOOOOOO PythonDOOOOnumberDOOOOOODODOO

gbooobOobooooboooooboobooooobooobooon:

typedef struct {
PyObject HEAD
PyObject *first;
PyObject *last;
int number;

} Noddy;

gbooobooobooobooobooboobooboobooboobooboobooboooboon
gboboobobooooboboooooboooobooobooon:

static void
Noddy_dealloc(Noddy* self)

{
Py_XDECREF(self->first);

Py_XDECREF(self->last);
self->ob_type->tp_free((PyObject*)self);

00000 tp_dealloc OO0O0O0O0OOOOOO

(destructor)Noddy_dealloc, /*tp_dealloc*/

0000000000000 oooooO pythonDOOOOCOOOOOOOOOOOOOfrst OO
OO0 last DOOONULLOOOOOOOOOOOODO Py XDECREF)OOOOOOOOOOOOOO
0000000000000 0O0O0tp free OOOODODOOOOOOOODOODODOOOOOOOOOOO
NoddyType 00000000000 OOOO0OCOOOOOOOOOOOOOOOODOOOOOOOOO
obooobOoboooobooboon

obooooOooboooooooboooooobooboooooobooboooooobooboooooboooboon
ooooogo:
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static PyObject *
Noddy_new(PyTypeObject *type, PyObject *args, PyObject *kwds)

{
Noddy *self;

self = (Noddy *)type->tp_alloc(type, 0);
if (self 1= NULL) {
self->first = PyString_FromString("");
if (self->first == NULL)

{
Py _DECREF(self);

return NULL;
}

self->last = PyString_FromsString(");
if (self->last == NULL)

{
Py_DECREF(self);

return NULL;
}

self->number = 0;

}

return (PyObject *)self;

gbooobodtwponew DOO0O0OOO0OOODOOOOODO:

Noddy_new, I* tp_new */

O000000O00000o000ooO0000 (DooO0dooOo0O00)000O00ooOoo0OoooOdPython
00000000 _new () D0O0O0DOODOOOOO0OO0OOO_ _new () ODODOODOODOODOOOOO
O “Unifying types and classes in Pytho’ O 0000000000000 0OnewD 000000 O0ODOOOO
000000000000 0000000000000000000000000 newd OO0OAO first
OO00O0Olast OOO0OOONULLOOOOODOOOOODOOOODOOODOOODOOOO0O NULLOD
000000000000 0O000000OnewOOOOOOO PyType_GenericNew() 0000000
0000000 PyType GenericNew() 0000000000000 O00C0OONULLOOOOO

00 newOODOOOOOOOOOOOOO0O000O0O0OCOOO0O000000O00OOO00000000OO
000000000000000000000000000O0newdO0OO0O00000000000CO
0 (positional argument) 0 00 0000CCOOO0O0O0000000000000000000O0000O0
00000000000 00000000newd 0000000000000COtp aloc O0O0OO0O0O
00000Otp alloc OOOO0DODO0O0000000O0O0O0OOOOOO PyType Ready() OOO0OO
0(@O0O00O0O00object )0000000000C0OO0OO0OCOCOO0O0000O00OOOOO0O0000OOO
oooo0ooQ

ugboobogbooobgoboood:
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static int
Noddy_init(Noddy *self, PyObject *args, PyObject *kwds)

{

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

if (I PyArg_ParseTupleAndKeywords(args, kwds, "|OOi", kwilist,
&first, &last,
&self->number))
return -1;

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

}

if (last) {
Py_XDECREF(self->last);
Py _INCREF(last);
self->last = last;

}

return O;

000 tp_init oooobooooooo

PythonDODOtp_int OOOO _init () OOO0O0O0O0O0O0O0O00O0O0C0O0O000CO0O00O0C0
00000000000 00000000000000000000newd 0000000000000
000000000000 00000000000000000000000000000000000
000000000000000000000000000000000000000000000

gboboooOobooooooboboooooboboooooboboooooboobooooobooboon

(initproc)Noddy_init, [* tp_init */

oboooobooooboobooooobooooboobooon:

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 */

000000000 tp_members 00O0O0O000:

0000000000000 00000000000O000O00OD0O0000000 docstringD OO0

Noddy_members, [* tp_members */

oooooO“00bobo0o0oooboobooOoroooooboooooo
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gooopoooOOPythonD 00000000000 OOOOOOOOOOOOODOODOODODOOO
000000000 frstOODO0O00O0 last00 0000000000000 0O0O0OO00000000O0O
00000 PythonDOOOODOOOOUOOOOOOOOOOOOOOOOOOO ehoooooooo
o000 cCcoooooOoOoNULLODODOOOODOoODOOOo0oOoOO0 NULLODDOOoOoDooooooo
OO0o0ooo0o0oooOoO0o0oooOo0ooOo0oOoOoO NULLDOODOODOOOb

0000 named 000000000000 OO0ODOOOOO0OODOOOOO firsstOODOOOD last
boboobobooboobobooooobooooboooon

static PyObject *
Noddy_name(Noddy* self)

{
static PyObject *format = 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_Buildvalue("OQO", self->first, self->last);
if (args == NULL)
return NULL;

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

return result;

0000000 COOD0OO0O0UOoOoOONoddy (DOOO Noddy OOOOOO)0OOoOooOoOoooOoO
Od0000U000oodoo0U0oo0U00oo0o0UDOOoU0UO0OOooUOU00oDOoUUOoODOooOOoOoDoOoOOon
Ddd0d0od00ooodooooooooUoooodUooodoooogoooooooogoo
O00000D0D0o0o0000o0oDoooo00ooooDooo0oDoooOOO PythonDOOOOOOOOODO
ggd:

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

fir,st 0000 last 00000000 NULLOOOOOOOOODOOOOO0OOOOO0O0O0O00O0000O
ooooooooOOOO0O0O0OOo0oooboooobooo NLLOODODOOOOOoOOoooooooooon
ooboooboooboooboobooboooooooooobooOoooooOooooOoobooboobooboooboon

oboobOobooobooboooooboooobooboooboobooooobooboooonog:
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static PyMethodDef Noddy_methods[] = {
{"name", (PyCFunction)Noddy name, METH_NOARGS,
"Return the name, combining the first and last name"

h
{NULL} /* Sentinel */

000 tp_methods 000000 0O0O00OO:

Noddy_methods, I* tp_methods */

O000 METH_NOARGSO U OOOOOOOOOO0O0O0O0O0O000O0O00000O00O0O0O0O0OOOO

booooobobobooooobobobooooobooooboooobooboooooobooboboon
oooooboooooooooooooboooboooboooboooooooooooooooan
OO00000000DOO Py_TPFLAGS _BASETYPEI O OO OODOOOOOODDOOOODO:

Py_TPFLAGS_DEFAULT | Py_TPFLAGS_BASETYPE, /*tp_flags*/

initnoddy() 0000 inithoddy?2() 00000 Py_InitModule3() Oooooooooooo
oooooo

0000 ‘setwppy OODOOO0O0ODOOOODOOOOODOOOODODOD

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

212 0000O0ODOODOOOOOO

O0000ONoddy DODODODODODODODO first Olast 0000000000000 OOOOOOOO
Oo00000000ooOOoOoOooooooOoOoooOoDoOoOoOOfisst Olast OOOOCOODOOOOOO
gboooooboooboobooboooobooboooooobobooooobooooooboooon
ooooooooo

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

typedef struct {
PyObject_ HEAD
PyObject *first;
PyObject *last;
int number;

} Noddy;

static void

Noddy_dealloc(Noddy* self)

{
Py_XDECREF(self->first);
Py_XDECREF(self->last);
self->ob_type->tp_free((PyObject*)self);
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}

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

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 *)self;
}
static int

Noddy_init(Noddy *self, PyObject *args, PyObject *kwds)

{
PyObject *first=NULL, *last=NULL;

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

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

if (first) {
Py _DECREF(self->first);
Py INCREF(first);
self->first = first;

}

if (last) {
Py _DECREF(self->last);
Py INCREF(last);
self->last = last;

}

return O;

}

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

5

static PyObject *
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Noddy_getfirst(Noddy *self, void *closure)

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

}

static int

Noddy_setfirst(Noddy *self, 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 O;

}

static PyObject *
Noddy_getlast(Noddy *self, void *closure)

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

}

static int

Noddy_setlast(Noddy *self, PyObject *value, void *closure)
{
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 O;

}

static PyGetSetDef Noddy_getseters[] = {
{"first",
(getter)Noddy_getfirst, (setter)Noddy_setfirst,
"first name",
NULL},
{"last",
(getter)Noddy_getlast, (setter)Noddy_setlast,
"last name",
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NULL},
{NULL} /* Sentinel */
2

static PyObject *
Noddy_name(Noddy* self)
{
static PyObject *format = NULL;
PyObject *args, *result;

if (format == NULL) {
format = PyString_FromsString("%s %s");
if (format == NULL)
return NULL,;
}

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

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

return result;

}

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

b

static PyTypeObject NoddyType = {
PyObject_ HEAD_INIT(NULL)

0, [*ob_size*/
"noddy.Noddy", [*tp_name*/
sizeof(Noddy), [*tp_basicsize*/

0, [*tp_itemsize*/
(destructor)Noddy_dealloc, /*tp_dealloc*/

0, [*tp_print*/

0, [*tp_getattr*/

0, [*tp_setattr*/

0, [*tp_compare*/

0, [*tp_repr*/

0, [*tp_as_number*/
0, [*tp_as_sequence*/
0, [*tp_as_mapping*/
0, [*tp_hash */

0, [*tp_call*/

0, [*tp_str¥/

0, [*tp_getattro*/

0, [*tp_setattro*/

0, [*tp_as_buffer*/
Py _TPFLAGS_DEFAULT | Py_TPFLAGS_BASETYPE, /*tp_flags*/
"Noddy objects", /* tp_doc */

0, [* tp_traverse */

0, /* tp_clear */

0, /* tp_richcompare */

0, /* tp_weaklistoffset */

0, [* tp_iter */

0, [* tp_iternext */
Noddy_methods, [* tp_methods */
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Noddy_members, /* tp_members */

Noddy_getseters, /* 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 */
Noddy_new, [* tp_new */

b

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

#ifndef PyMODINIT_FUNC /* declarations for DLL import/export */
#define PyMODINIT_FUNC void

#endif

PyMODINIT_FUNC

initnoddy3(void)

PyObject* m;

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

m = Py_InitModule3("noddy3", module_methods,
"Example module that creates an extension type.");

if (m == NULL)
return;

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

first O0O0last OO0O00O0OO0O0O0OO0OO0O0DOOOOO0O0OOOO0O0OO getterd 00 setter] O
Oooooogoo first O0000D00o0Dooon (getteDO0O0OO0ODOOODOOOOOO (setter)
ood:
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Noddy_getfirst(Noddy *self, void *closure)

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

}

static int
Noddy_setfirst(Noddy *self, 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 O;

getter0 000 Noddy 000D D0O00000 (closured (000 void0OOOD0O0O00)0000000
00000000000000000(0000000000000 setterd getterd 000000000
00000000000000000000 getterd setter] 00 0000000000000 0O0OO0OCO
0000000 get0 00 set00000000000000000D0000)

setterU 000 Noddy 000000000000 DODOOOOOOOOODOOOOOOO NULLOODOO
gboooooobOobobobooobooboobobobooboooooobobobooooboooon
oboooboobooooboboo

0000 PyGetSetbef 00000 OOOOOOO:

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 */

oboOoo0OO0tp getset OOOOOOOOOO:

Noddy_getseters, /* tp_getset */

ubodaod getterl setterd D0 O04OdoOoOd
PyGetSetDef DO0O0000OD0O00O00OOO0OOODOOCOOODOOOODOOOOOOOOOO NULL

40



oooooooo
ubodabuooboobgbbooboobooboobon:

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

O00oO0O0OoOooooofist OO0OO0OOlast OOOOOOONULLOOOOOOOOOOOOOO
0000000000000000 NULLODO 0000000000000 Py XDECREF)DOODOOO
Py DECREF) 00 0000000000000 0O0OO000O0OONODOOOOOO0O0O0O0O0OOOOD
0000 (deallocatord OO OOO0O0O0OCOOCOOOOOO0O0O0OO0OO0OOOODOODOOOOOOOCOOO
ooooogo

uboabooobooboaboabodaboaboaboabooabooboaobooanooaonoad
O0000D00 ‘setwppy OOODDOOODOODOOOOODOODOO

213 000O0O0OOOODOODODOODbDOODbOD

PythonDOOOOODOOOOOOOOOOOOOOOOOOODOOOOOOOODOOOOOOOOOOO
gboooooboboboooobooboboooooboboooooboboooooobobooooon
oboooOobooooboboobooooboon:

>>> | =]
>>> |.append(l)
>>> del |

0000000000000 000000000000O0000OO000 delDODOOOOODOOO
oo000000O0O0oooOoOoOoOo00ooO0O0OO0o0OOooOoOoODOOOOOOOO Pythond OO
gboboooobooboobooboooobooboooooobobooooobobooooobOobooon
oooo

Noddy 0000 20000000first OO0 last 00O00OO0OODODODODODOODOOOOODOOOO
OO0O0O0O0O0O0O00O0OOONoddy DODOOOODOODODODDDOODOOO:

>>> import noddy?2

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

>>> n.first = |

000000000000 000o0o0OooO Noddy DOOODOOOOOOOODOOOOCOODOOOOO
cooooooooooOoooooooOooobooooooOoooooOooobD 20000DboOoO0OO
gooobooboobgooboobooboooboobuooboooboboboboooDog:

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

typedef struct {
PyObject_ HEAD
PyObject *first;
PyObject *last;
int number;
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} Noddy;

static int
Noddy_traverse(Noddy *self, visitproc visit, void *arg)

{
if (self->first && visit(self->first, arg) < 0)

return -1;
if (self->last && visit(self->last, arg) < 0)
return -1;
return O;
}
static int
Noddy_clear(Noddy *self)
{
Py _XDECREF(self->first);
self->first = NULL;
Py_XDECREF(self->last);
self->last = NULL;
return O;
}
static void
Noddy_dealloc(Noddy* self)
{
Noddy_clear(self);
self->ob_type->tp_free((PyObject*)self);
}

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

Noddy *self;

self = (Noddy *)type->tp_alloc(type, 0);
if (self 1= NULL) {
self->first = PyString_FromString(");
if (self->first == NULL)
{
Py_DECREF(self);
return NULL,

}

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

}
self->number = 0;
}
return (PyObject *)self;
}
static int

Noddy_init(Noddy *self, PyObject *args, PyObject *kwds)

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

if (I PyArg_ParseTupleAndKeywords(args, kwds, "|OOi", kwilist,
&first, &last,
&self->number))
return -1;

if (first) {
Py_XDECREF(self->first);
Py _INCREF(first);
self->first = first;

}

if (last) {
Py_XDECREF(self->last);
Py _INCREF(last);
self->last = last;

}

return O;

static PyMemberDef Noddy_members[] = {
{"first", T_OBJECT_EX, offsetof(Noddy, first), O,
"first name"},
{"last", T_OBJECT_EX, offsetof(Noddy, last), O,
"last name"},
{"number”, T_INT, offsetof(Noddy, number), 0O,
"noddy number"},
{NULL} /* Sentinel */

b

static PyObject *
Noddy_name(Noddy* self)
{
static PyObject *format = 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_BuildValue("OQ", self->first, self->last);
if (args == NULL)
return NULL;

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

return result;
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}

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

3

static PyTypeObject NoddyType = {
PyObject_ HEAD_INIT(NULL)

0, [*ob_size*/
"noddy.Noddy", [*tp_name*/
sizeof(Noddy), [*tp_basicsize*/

0, [*tp_itemsize*/

destructor)Noddy dealloc, /*tp_dealloc*/
Yy p

0, [*tp_print*/

0, [*tp_getattr*/

0, [*tp_setattr*/

0, [*tp_compare*/

0, [*tp_repr*/

0, [*tp_as_number*/
0, [*tp_as_sequence*/
0, [*tp_as_mapping*/
0, [*tp_hash */

0, [*tp_call*/

0, [*tp_str*/

0, [*tp_getattro*/

0, [*tp_setattro*/

0, [*tp_as_buffer*/
Py _TPFLAGS_DEFAULT | Py_TPFLAGS_BASETYPE | Py TPFLAGS_HAVE_GC, /*tp_flags*/
"Noddy objects", /* tp_doc */
(traverseproc)Noddy_traverse, [* tp_traverse */
(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 */
Noddy_new, [* tp_new */

J

static PyMethodDef module_methods[] = {
{NULL} /* Sentinel */
I3

#ifndef PyMODINIT_FUNC /* declarations for DLL import/export */
#define PyMODINIT_FUNC void
#endif
PyMODINIT_FUNC
initnoddy4(void)
{
PyObject* m;
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if (PyType_Ready(&NoddyType) < 0)
return;

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

if (m == NULL)
return;

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

traversa0 00 0000000000000 O0OOOOOOOOOOOOOOOOOO0O0O0O00OO0OO:

static int
Noddy_traverse(Noddy *self, visitproc visit, void *arg)

{
if (self->first && visit(self->first, arg) < 0)
return -1;
if (self->last && visit(self->last, arg) < 0)
return -1;

return O;

0000000000000 0D00D0000D0000D0D00DOCtraversa0 00000000 visit()
oooooooovisit() go00O0O00O0000O0OwaversaD 0000000000000 argdd
oooooooon

goooobooooooboooooobobooobooobooboobooobooobooooboooobooooo
gooobobooooboobooooobooooobooboooobooobooo:

static int
Noddy_clear(Noddy *self)

{
Py_XDECREF(self->first);

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

return O;

}

static void
Noddy_dealloc(Noddy* self)

{
Noddy_clear(self);

self->ob_type->tp_free((PyObject*)self);

OO0O000Py_TPFLAGS_HAVE_GQ OUOOOOOOOOOOODODOOO:

Py TPFLAGS_DEFAULT | Py TPFLAGS_BASETYPE | Py TPFLAGS HAVE_GC, /*tp_flags*/

O000000O0tp _alloc 0OO0OOOCOOtp free 0000000 0ODOOOOOOOOOOOOOO
booooooboobobobobobooooobooboboboboboboooooboooboooboog
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ooooooooon

22 0O00O0O0OOOO

gboogooobooboobooboobooboobooboobooboobooboobooon
goood

OO0 PyTypeObject DOOOOOOOOOOOOOOOOOOOOOOOOOOOCOCOOODROOO
oo:

typedef struct _typeobject {
PyObject_ VAR_HEAD
char *tp_name; /* For printing, in format "<module>.<name>" */
int tp_basicsize, tp_itemsize; /* For allocation */

/* Methods to implement standard operations */

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

/* Method suites for standard classes */

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

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

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

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

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

char *tp_doc; /* Documentation string */
/* Assigned meaning in release 2.0 */
/* call function for all accessible objects */

traverseproc tp_traverse;

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

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

/* weak reference enabler */
long tp_weaklistoffset;

/* Added in release 2.2 */

46



[* lterators */
getiterfunc tp_iter;
iternextfunc tp_iternext;

/* Attribute descriptor and subclassing stuff */
struct PyMethodDef *tp_methods;

struct PyMemberDef *tp_members;

struct PyGetSetDef *tp_getset;

struct _typeobject *tp_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; /* Low-level free-memory routine */
inquiry tp_is_gc; /* For PyObject_IS_GC */
PyObject *tp_bases;

PyObject *tp_mro; /* method resolution order */
PyObject *tp_cache;

PyObject *tp_subclasses;

PyObject *tp_weaklist;

} PyTypeObiject;
goobooobooooboboboobobobDooboboooooobUobOoboboboobooobo

gboboogbodoboooboobobobobbooboobooon

gbooobooobooobooboobooboobooboobooboobooboobooobon
booboobobobooobooooboboboooooooboobobooooobobobobooooon
gbobooooboobobooooobobooboooobboooooboobobooooobobooooon
ubboobobobobobooboobuooboobbooboobbobbooboobooboobaan
000000 @UUo00ooo o000 o0OODOO)O0OD0DD0DDD00DODODODOO0ND0OO0OOO
oooooooboo

char *tp_name; /* ooog ¥

gboooooooboobooboobobooooooboboooboooobobooooooboboon
oboocobOoboooboobooooobooooboobooooboooooboobooonog

int tp_basicsize, tp_itemsize; /* poooo ¥

gbooooobooooboobooooooboooooobobooooooboboooooboboo
O000000O0O0OoOoOOPythonDOOOOOOOO (DOODODOOOOOOODOOOOOOO)OO
000000000000 000O00O0O00OO tp_itemsize uobOoooobooooooooogo
oooooooo

char *tp_doc;
0000 PythonDOOOODOOOODOD obj._doc_  Odocstingd 00 0O00DOOO(MOOODO

ooooo)obooooOo
boboobooooboobooooboooooboobooooboooobOoboooboaoono
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2.21 000 (finalization) 0 0O O

destructor tp_dealloc;

Oo0O0O0000OO0O000000O0O0OoOOOPythonDOOOOOO0OO0OOO0OO0OOOOOO0O0O0O0O
oooobooooboooooooooooooobooooboooboooooOoboooboooobooooobon
goooooooboboooboooooboboooooobobobobooboooobDOobOoboooo
boboobobooooboooon:

static void
newdatatype_dealloc(newdatatypeobject * obj)

{
free(obj->obj_UnderlyingDatatypePtr);
obj->ob_type->tp_free(obj);

0000000000000000000000000000000000000000000000
0000 PythonD DO OOD0OOODO0OOCOOO0OCOOO0DOOOO0OOOO0OOOO0OOOO0O0O0O0OO
(00000000000 00)000000000000000000000000000000000
00000000000000000000000000000000000 PythondOODOOODOO
000000000000 00000000000000000000000000000000000
00000000000 000000000000000000000000000000000000
00000000000000000000000000000000000 PyErr_Fetch() OOO
PyErr Restore() OO0O000000CO0O0O000O0O0O0O:

static void

my_dealloc(PyObject *obj)

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

if (self->my_callback !'= NULL) {
PyObject *err_type, *err_value, *err_traceback;
int have_error = PyErr_Occurred() ? 1 : 0;

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

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

PyErr_WriteUnraisable();
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((PyObject*)self);
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2.2.2 Object Presentation

PythonDOOOOOOOOOOOOOOOOOOOOO3000000000OO:repr) OO (QOODO
O000000oOoOo0OooooOOoOoO)0o0oooostr) COOOOOOOOOOprinte OOOO
OO000000O0QoOoOoOoOoOoOoOOpprint OO str) OOOOCOOOOOOOOOOOOOOOOO
o000 FILE* ODO0OODOOOOOFILEr DOoO0OO0O0bOooooogoboboooooboboooo
bobooboobooboobobooooboboooobooboooooboobobooooboobooooon
obooooOobooooobon

dooooooooOoooooobooOoOOObO0O000o0ooooooO tpestr OOOOO tp_repr
oboooobooboooobooobooo

reprfunc tp_repr;
reprfunc tp_str;
printfunc tp_print;

to_repr OOO0OO0OO0OO0OO0OO0OO0ODOOOOOOODOOOOOOODOOOOOOOOOOOOOOODOOOO
obooobObooooobooooboooon:

static PyObject *
newdatatype_repr(newdatatypeobject * obj)

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

tp_repr UO0O0O0OD0O0OD0O0ODOOODOOO0OODOOOOOOOO0OOOt.name DODOOOODOODOO
gboooboboooboobooooboboooon

tp_str OOOOOstr() COOOOOCOOtp repr OOOOOTrepr() OCOOOCOODOOOCOOOOO
00000 PythonDOOOOOOOOOOOOOOOOOOOOOSst() OOOOOOOOOOOOO
gbobooobodttp_repr UbboobbooobOOobbOo0ObbObOODbbOOODbbOObDDbDOO
000000000000tp_str 0000000000000 O0OOtprepr OO0O0OOOOOOOOO

oooobooogd:

static PyObject *
newdatatype_str(newdatatypeobject * obj)

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

print0 0000 PythonDOOOOODODOODOOOOpint0 000000000000 OOODODOOO
000 'node’0 TreeNodel 0000000000000 print0 0000 PythonDOOOODOODOOOO
goooo:

print node
flags0 O OO Py PRINT RAWO O OOO0OOOOOOOO0O0DO0DO0000O0OO000ooooooooo

gboaboudgbouoobaobuoooboobbooboaon
OO0 print000C FILE* O0OO0O000O0OO0OOO0OOOOO0OOOO0OOODOOOOODOOOODOO
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oooo
print0 00 000000000000:

static int
newdatatype_print(newdatatypeobject *obj, FILE *fp, int flags)

{
if (flags & Py_PRINT_RAW) {

fprintf(fp, "<{newdatatype object--size: %d}>",
obj->obj_UnderlyingDatatypePtr->size);
}

else {
fprintf(fp, "\"<{newdatatype object--size: %d}>\"",
obj->obj_UnderlyingDatatypePtr->size);
}

return O;

223 0O0O0OOOOO

bobooboobooboobobooooboobooooboobooooboboooooboobooooon
goooOoOoOOOOO0OO0OO0O0O0O0O00OOOOOOOOOOO0OO0O0OO@EUOoOoOoOoOoOoOoOoOog)ood
goo0o0O00O0O000000@EUoO0oO0o00D0oOo0OO)0doooooooObO0oooOoOoOOoOoOooo
ooooboo0ooboboooooooooooobo NuLLODODbODbOOoO

PythonD 20000000000000000000O0OOODODOOOOOOOOOOOOOO0O0O0O
000000000000 00O00ODOO00OOO0Ocharr OOOOOOOOOOOOOODOOOOOODOO
OO0 PyObjectr OUOOO0OO0OOOOCOOOOOOOOUOUOOOOOOOOOOOOOOOODOODOO
gooood

getattrfunc  tp_getattr; [* char * goooo ¥
setattrfunc  tp_setattr;

* .

getattrofunc tp_getattrofunc;  /* PyObject * oooogog
setattrofunc tp_setattrofunc;

0O0OCO0O0O0O0O00U0U0U0U0D0D0O0O0 (oo OOUUOO)ODOoOoOoOoOoODODODOPYODbject:
0000000000000 0000000 (generic)l 000000000000 OOOOOOOOO0O
000000 Python2.20 00 0000000000000 O0O0ODOOOOOOOOOOOOOODOOO
gboooboooobooboooobooooboboooboooboooon

goooooboood

2200000000000

ocooooOooooooo0oooooooOo0ooOboO0ooOoOoooOoOooOoOooDbbOOooDbOoOoD?O
obooooOoboooobooooon:

1. PyType Ready() 0000000000000 O0O0O00O0O0OOOOO000

2. 000000000O0DOOCOO0O00O00ooOoooooooOooOOo0oooooDoOoOoOoooooDon
gbogooobobooboobooboobooboo
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obooboooooooboboboooooooooooboboobooooooooooboobOobooobon
goooobooboooooboooboobooboooobobobooboobooooDbooo

PyType Ready() D0DODODOOOO000O0O0O0O0O0O0O0O0DDDDODODOOOOO 30000000
00000000000000000000000000 0000000000000 00000000
0000000000000 O0O0UUUUOUOUUOoOoOoOoOOOOOOOO0OO0O0O0OO0O0OO0OOOOO
0000300000 NULLODOODOODODO000O00000000000o0oDooooooooaon
000000000 tp_getattro 000 tp_setattro ONULLOODOOOOOO0OODOooooooad
o00000000O0O0OO0000

oooooo0ooooooOoooo 30bobbo0o0oooboooooboooon:

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

tp_methods O NULLOOOOOOOOO PyMethodDef 00000000 0OO0OOOOOOODOO
uboobOoobooobooboooboobobooooboobooooboooon:

typedef struct PyMethodDef {

char *ml_name; I* goooo
PyCFunction ml_meth; /* ooooog ¥
int ml_flags; I* ooo *

char *ml_doc; /* docstring */

} PyMethodDef;

Jooooooobbboooooooboobbo0ddooooooobbboobobboooooa
oo b oo b oo uooooog
OO (sentinelD 0 0000000000000 O00OOOOO0OCOOmMI name O0O0O0O sentinel 00O
0000000 NULLOOODODOOODooOO

20000000000000000O0O00OO0OO0ODOOODODOOODOOODOOOOOOOODO
ooooooooboo copoogoooooooopooOoooooopbooooooooooDbboogoo
gboogboboooboooboobooobobobooboobooboobon:

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

gboboooobooobooboobooooooboobooooobobooooobobooobooobooboo
O00000DO0O00000000O0type O00ODODO ‘structmemberh’ OOO0O0000D0O0OO0OOO0O00OO
0000000000000 00oooOO PpythonDOOOOO COOOOODOOODOOOODODOOOOO
00000000flags 0000000 O0OO0ODOO0OO0OO0OO0OO0O0O0OOOOOOOOODOOOO0O0O0O0O000
goooogo

0000000000 ‘structmember’ OO0O00000000000O0O00O0O00 OROOOOOODODO
oooooo
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Constant Meaning

READONLY gooobbobogod

RO READONLY OO OO

READ _RESTRICTED |O0O0O0OO0O (restrictedmodel DO OOOOOO
WRITE_RESTRICTED | 00000 (restrictedmode) 0 0000000
RESTRICTED 00000 (restrictedmode) 000000000000

tp_members OO0 00000000000 OO0QCOO0O0OOOOQOOOOOOOOOOOOOODOOOO
0000000000000 00O0000000000O0000000bOOOoOODOO00O docestringd
gbobooboboobobooboboooobobobbooobooooboboboobo APIODDOOO
0000000000000 000000000000 _doc__ OOOOOO docstringD DOOOODO

tp_methods OO0OO0O0OO0OO00OO0OOOOOOO0OOnamed 00000 NULLOOOOOOOOOOOOO
gooo

gbooobooboooboooboao

goooOoOoOoOOOO0OOOOcharr DOOOOCOOOOOOOOOOOOnamed 000000000
000000000 charr OOO0O PyObjectr OO000O0OOODOOOOOOOOODOOOOOOOOO
0000000000000 000000Python22000000000000000O0ODO0OOOOODO
0000000000000 2000000000000000000000O0OO0OOO0OO Python
oboboooOoboobooboobooooboobooooooboooooOoobooooooboooon
gbboobooaobooboobooboobooboobooboobooboobooboaobooaan
gooooo

tp_getattr oboobooobbooboobooboooooooooooooooooobooooobooooon
OO0 _ getattr_ () gbooooboobooboboooobooooboooooon

0000000000000000@) 00000 (0000 newdatatype_getSize() O new-
datatype_setSize() )0OO0000(@ODO0D0000000000000000000000000
(3)00000000000000 getatr 00000 000000000000000000000000
00 tp_methods O00O0O000000O0O0O0O000O

oooobooog:

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} I* ooog ¥

h

static PyObject *
newdatatype_getattr(newdatatypeobject *obj, char *name)

{
}

return Py_FindMethod(newdatatype_methods, (PyObject *)obj, name);

tp_setattr 00DoopDoooooooooon _setattr () OO0 _ delattr () ooo
0000000000000 o000ooO0o00oo0ooooooOo00o0ooDoOo03000000000 NULL
oot ooob oo oo oo oo oo oooboooog
tp_setattr 00000 NULLOODOOODOODOOO
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static int
newdatatype_setattr(newdatatypeobject *obj, char *name, PyObject *v)

{

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

224 00000O0O0ODOO

cmpfunc tp_compare;

tp_compare 0000000000000 O0O0OU0OOOOOOOOOOOUOOOOOOOOOOOOO
00000000000 0000000000U00o0o00o0U0ooO0U0oooDUoOoo@E@ooUOooo
000 000OPyObject Compare() 000 PyObject Cmp() 000000000 O0ODDOOOO
00000 PythonOD cmp() OO OO0OO0OO0OOOOOOOOOOO)000 _cmp_ () OOOODOOO
00000000000 objlO ob2000000000ODO -1 OOODO0OOUOOOOOOOOOOOODOO
OobjlOob20 000000000 100000000000 ODODO0D0ODODODODOODODOOOOOOO
O0000ooo0ooooooooooPython221 0000000000000 0ODOOOOOOOO
000000000000 0OoOo0o0oooooooooon)

tp_compare O0OO0O0O0O0OOOO0O0OOO0OOO0OOOOOOOOOOOO0OOOOOOOOOOOOOOO
OOO0O0000 PyErr_Occurred() obooooobooooobooooobooon

oboooooboooog:

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

{

long result;

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

else if (objl->obj_UnderlyingDatatypePtr->size >
obj2->0bj_UnderlyingDatatypePtr->size) {

result = 1;
}
else {

result = O;

}

return result;

225 000000O0OODOOOOOO

PythonDOUOOOO OOOO* OOUOO”" O0O0O0O0OOOOOOOOUOOOOUOOOOOOOOO
000000000 Python/C API Reference Manuald Abstract Objects Layét O 00000000000

0000000000000 000000O0PythonDOOOODOODODOOOOOOOODOOOOOOO
000000000000000000000000000000000 PythonDOOODOOOOOOO
boboobOobooboobooboooobooboooobooboooobooboobooooobooooon
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gbooooobooooboobobooooobobooooobobooooobobooooobobooon
gobooooboooboobooboooboooboobooboooobooooooboboboooDobooooo
uboboooboobobooooooboboooboooboobooboooobooboobooooooobooooon
oooO000ooooooooOoO0o0oO0O0o00Oo@EoOooooOoO0O0OO0oO0o0O0OooOoOOO0D O NULLO
gbooboooooooobobobooooobooooboboboooooooboboboboobooDo
oo0o0oooOoODODO0ODOOOOOOOO0OO00D)

PyNumberMethods  tp_as_number;
PySequenceMethods tp_as_sequence;
PyMappingMethods tp_as_mapping;

Jooooboooboooooooobobboooooooobobo0o0ooooooobOoboooooo
000 CO PyNumberMethods 0O 0O O O PySequenceMethods 0000000 PyMappingMethods
oo b oo b oo uoooooog
OO0 PythonDOOOOOOOO ‘Objects’ 0 OOO0O0OO0OOOOOOOOO

hashfunc tp_hash;

obooboooooooboooobobooboobooboobooooOoobboobooooooobooooo
obooooobooooooon :

static long
newdatatype_hash(newdatatypeobject *obj)

{

long result;

result = obj->obj_UnderlyingDatatypePtr->size;
result = result * 3;

return result;

ternaryfunc tp_call;

O00ooO0ooO00oOo0oo0Oooo0boo0ooOo0ooOoooO0oOOoOoUoOoOoOOnOO obj
0000000000000 O00O0PythonD OO 0OOO objl(hello’) 0000000000 tp_call
ooooobooooooo

ooooo30b00000ooo:

l.aglOJ0OO0O0OO0OO0O0OOOOOOOOOOOO0OOOOOOOOOOOOOOOOOOODOO
O obj1(’hello’) OO000arglOobjl OOOOOO

2arg2 D00 O0O0OO0OOQOCOODO0DO0OODOOOOODUDUOODODODODOODUOODODODODOOD
PyArg_ParseTuple() oooooo

. ag3l 0 0000000000000 U00DOnD NULLODODODODOooooooooooooo
O O O PyArg_ParseTupleAndKeywords() o00o0oo00oooooooooooooooog
0000000000000 O0 NULLOOODODODOOO0DOO0O0oO0obOOoooooooooboooonoa
O0ooogoo TypeError DOOO0OOODOOODOO

Oo000O0callDOCOOCOOOOODODODODDO
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/* call gooooo
* objl : Ogoooooooooooooaa
* obj2 : gooooooOoooo0o0oobooOooooUobboOono 3gooooo
*/
static PyObject *
newdatatype_call(newdatatypeobject *obj, PyObject *args, PyObject *other)
{
PyObject *result;
char *argl;
char *arg2;
char *arg3;

if (IPyArg_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, arg3d);

printf("\%s", PyString_AS_STRING(result));

return result;

/¥ 00000 22 OoOoOooOo ¥
[* lterators */

getiterfunc tp_iter;

iternextfunc tp_iternext;

ooooooooooooooooooooooooooooooooooooo (Cooooooo
00oo0doooooooo)0oOooo0 (DO:0DoooOOO0O0O0U00DO0DO0ODODOOCODODOOOOO)DOo
000000000000000O0Otp_iter 000O0O0O0ODOODOOOOOOOOtp iter 00000
0000000000 00O0O0 tp_iter O tp_iternext gboboobooooboobooboobooon
oboooobooboboooooooobobooboooooooboooooooooboobOobooon
OO00o0ooo0o00oDoOOoO0O0DOO0 NULLOOOODODOOoOoDog

0000000000000 000000000OOt_iter D0DO0O0O0OO0O0OOODOO0OOOODOOOOO
bbooooooobooooooooboboooooobooboboooooobOobbobooooon
gooooO0OOO0OO00O0O0oO0oOoOoOoOooooooooOO (oooOoDoDoOoOoOoOoO)oooooOoo
goooO0OO0O0OOO0OO00000O0O000UOO(OOoOODOO0O0O0O0O00OO)0D0OoOoOoOoOogogoo
0000000000000 0000000000O0O0O00000000 tp_iternext oooooog
gbobooboboboobobooooobooooboobooooboooooon

0000000000000 000000000000O0O0OO0O0OO0tp_iter oboobooboog
o000000ooooOo0o0o0@EUooooOooOoo0oUooooOoDoOoUOooOO0 tp_iter OO
0000000)0tp_iternext oobooboooobooooboooobooboobooboooooooboobo
00000000000000000000000 NULLODOOOOOO0OO0000 Stoplteration go
gboboooooboobobooooooooboobobobooooooobooboboboooboonoog
OO00O0o0O0oO0o0o0oDOooOoNLLOOODOOOoOoDoo

226 000O0OODOO

goooooooooOoboboboooooU oo bOoOoOoOoOobOOoOOoOoOoOoOoOoOoooooDDDoDoO
000000000000000000000000000 PythonO includeD000000O0O ‘objecth’
oooOoOo0O0O0O0OO0O0O0OO0OOOOOO0OO0 PythonODOOOOOODODODDODODOOO
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00000000ooo0o0o000000oooooooo000o0ooooooooDoooOod: Python
0000000000000 00000DoO0o0DoOogn'ohjects 0 ODO0O0DODOD0ODOCODOOODOOO
OO00O0Otp_ O00O0OO0O0OCO0OO0OO0OOCOOO0 (OO0 tp print OO tp compare OOOO)IOO
Jooooooooooooooooon

oooooooooooboOoOoooooOooobooOoboO0ooooOoboOooooDoooOooooOoDOoooDo Py-
Object_TypeCheck 0000000000000 O0O0DOOOOOOOOOOO:

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

DistutisO 00O COOO C++000
Joooooon

Python1. 41 000000000000 0OO0OO0OOO0OOOOOOOODOOOOOOOOOOOOOOO
000000000 00oOooO0o0oooO uUNxOOODOOoOOoooOoOOoOoOooOPython2.000000
OO (D000 Makefile.preinD 00 SeupO0OO0OOOOOOODO)DDOCOOODOOOOOOOOOOO
0000000000000 00000000000 distutilsOOD000000000000000000
googoo

distutisOOOOOO0ODO0OO0OO0DO0OOO0O0O0O00O0O0O0O0O0O0O0O0O0OOOdiswtils00ooooooong
O0000000O0Python2xO0 distutisOOOO00OO Python1.5000000000000OCOO
OOdistutiis0 00 0000000000000 0000000000O0000000O0ODO0O000000
ubobooboboobooboooobobooooobooooboon

distutisD0 DO O0D0O0O0O0OO0OOOOOODOOOOO (driver scripy0 00 ‘setuppy OOODODOOODO
‘setuppy’ OO0 PythonDOOOOOOOOOOOOOOOOODODODOOOOOOOOOOOOOO:

from distutils.core import setup, Extension

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

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

00 ‘setuppy OO O0O ‘democ’ DOOOOODOOODOODODO

python setup.py build

O000000O'democ 000000000 'demo DO00O0OOCOOOOOOOO 'buid DOCOO
U0000oD0o0ooobo0oo0o0oboobooOoooDOoOn ‘uldlibsystem OOOO0DOOODOOODODO
O0demo.sso’ 0 ‘demopyd D00 DOOOO0O00OOOOO0DOODO

‘setuppy DOODODOOO0OOODOOOD ‘setup’ 0000000 DODOODODOODODOOOOOODO
gobooooboooobooobooooboboooobooooobobooobooooooooooooooooobon
gooooooboboobooooooboboooooobooboboooDobobooooobooooo
O PythonDOOOODOODOOOOOOOOOOODOOOOOODODOOOOOOOOOOODOOOOdistutils
Oo000O00O00O0O0OPythonDOOOOOOO OOOOOOOdistutisbO0ODOOO0OO0OO0OO0OOOOOO
oO0;00000000000000000O00DOO0O0O00DOO0DOO0AO
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0000000000000 00000000000000O setup OO0O0OO0OOOOOOOOOOO
O0000OOsetup O ‘ext_modules 0000000000000 O0D0OO0OOOOOOOO Extension
0000000000 0O000OoOooOOo0O00O0OOdemo DO0O0OOOOOODOOOOODODOOOOO
0000000000 ‘democ O00OO0U0OO0OOOODOOOUOOOOOOOOOO

oboocooooobobooooobooboooooooboobobooooobooboboooooobooboon
oboooooboooobooboobooooboobooooobboooooobooooboboboooooDo

from distutils.core import setup, Extension

modulel = Extension('demo’,
define_macros = [(MAJOR_VERSION’, '1’),
(MINOR_VERSION’, '07],
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://lwww.python.org/doc/current/ext/building.html’,
long_description = ™
This is really just a demo package.

”
)

ext_modules = [modulel])

Ubob0O00O0setup DOOODOOOOOOOCODOOODOOOOOODOOODOODOOOOODOOOO
gobooooooboooboooOoboOooboOooobooooOoooooooooboooooobooobo0oo
0000000000000 0C000O0O000000D000000O0OODODOOOOOdistutisOOOO
oobooboooooobooobooboooooobooboooounxobooooboooooooboooDbo
gbooobooooboooood:

gcc -DNDEBUG -g -O3 -Wall -Wstrict-prototypes -fPIC -DMAJOR_VERSION=1 -DMINOR_VERSION=0 -l/ust/local/inc

gcc -shared build/temp.linux-i686-2.2/demo.o -L/usr/local/lib -Itcl83 -o build/lib.linux-i686-2.2/demo.so

0000000000000 0000UOUOOOgg;distutilsODODODODO distutlsOOOOoOO0O
gbooobooboobobod

31 J00oooooood

gboboobOoboooobooooboobooooboooooooo
obooobOobooooobooooobooboooobooboon;ooog

python setup.py install
goooogd

gbooobooboobgooooboobooboo,booo
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python setup.py sdist

gboooogd

gooobooobooobooboooobOoobD0ooboobOooDoOobO,0obb0g "MANIFEST.In' OO
O000000;0000distutilsb00000O0OO0O0OOOOOOOOO

goboooobooooboooobooobobooboooobooobo0oobooobooooboooooo
obooooOoo0oobOoboooooooooooboon

python setup.py bdist_wininst
python setup.py bdist_rpm
python setup.py bdist_dumb
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HEN

Windows O OO COO0O0O C++ 000
Joooooon

00000 WindowsO OO PythonD OO OOOOO MicrosoftVisualC+O O OO O0OOOO0OO0OOOOO
oboobobOoooooooobooboobbooboooboooboooobooobooboobooobooon
OC00OO0O0OOPythonDOOOOOOODOOODO WindowsOOOOOOOUNIXO WindowsOOQOQoQOO
ooooooo0ooboobooooooooooboobo uNnxoboooooooooooobooo

0000000000000 00U0D000U0oDoUUoOD distutisO D000 O0DO0OO0OODODOOOOO
O0000000oooooooooPythonDO0O0OOOO0OOO0OOOO COODODOOODOOOO;00O0
Microsoft Visual CH+O0 0 O

O0:000000PythonD 000000000 OOO0O0OCOOOOCOODOO0OOCOOOOOODOOODO
00000000000000 ‘XyOOoOOOOOOooOOooooooooooo;'X 0oooo0gd Python
0000000000000 0000'YOUOOOOOO0O0OO000O00000 Python220000
OO0OoooXyooDoog 22’000000

41 0J00O0OOoOobobDOO

WindowsO OO OO0O00000000O0O0UNIXOODOOOOOdistutils oooooooooooon
0000000000000 0O0000O0O00O0OOdiswtis0O000000000oDOO0ooooooo
O00000000; distutils o00O000oooOo00oooDOOoOoooooOoOoOOonooPythond
gOo00O0O0 0oOOoOoUoOoooDOoOoOoOocCcoO CcH+HOoooUuo PythonDOODODOODOOOOCOODOO
goooboooobobooog

0000000000000 000000D00O000000000000000 PythonDOOOOOOO
O PythonDODOOOOOUOOOODOOOOOUOODOOOOOOOO Microsoft Visual CH+ “Developer Studio”
0o0DOOo0oO0oO0;,00b0ob0bOoo0bOoOo ve++0o0o0oo e000D0bO0O0ODbOO0O0ODDbOOoOOoDoOOon
Oo00oooooveH+OooooooooooooooooooodPythonD ODOOOOODOOOOODO
OOodd‘PCexample nt OO O OOOOOOOOO

1.000000D000000
‘example nt OO0O0O0O0O0O‘PCO0D00CCOO000O0O0O0O0OODOODODOOOOOOPCODO
uobooobooboobboobbooooooooooooooooboobooooboooo
OOO'example_nt’ OOO0O0OD0OO ‘PCO00000DOOCOO0DODOOODOOOODOOOOOOOO
000000000000 ‘example_nt' O ‘PC’ 000 ‘Include’ OO O0OO0OOOOOODODOOO
gbogbboooboobooboobobbobooboobooboobo

2. 000000000
vC++0 OO UOOUO0O >0000000000000000O000o0oooooO (DoobD >oooo
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O0000OhOODDODODOOoOODODOOO0OOO'examplent' 000000000000 OO ‘example.dsw’
O000moooooooooogoo

.000DLL OO00D0OO
obooobOooooboobooooobobooooboobooooooo:

(@ 0000000C0ODOO0O00O0O0OO0O00O0DOODOOO00O0 >0000D00000C0D0 00
OO0 xample -Win320 000”000 “example-Win320 000" 000000000000
goooooveH++ooooooooooooooooooo

() DLLOOODODODOOODO0O0O0O00D0O0OO0O0OODD >example ddiDOOO OOOOOO
O0000000 >exampledlDOOO00O0OOOOOOOOOOOOOOOOOOOODOOO
O000000000D00000000000 ‘Debug OODO ‘Release’ JO0O0DODOODOODO
ooooooboooo

.00D00000D0 DbDLL OO00oo
OO00000oODOo0o000o0ooDObO0o000oDOO0O0d ‘example_nt\Debug’' OO DOOOOOO
00000000000000000000000000000OO0O0O0O (C>0bosOoUnO0O0n
O000O0>>>0 PythonDOOOOOOO,;000000000000O0O0O0ODOOOOOOOOO
go0oO0o0oOoOoOoOOoOOOOOOOOOOoOoOoOoOg):

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]

>>>

0000000000!'00000000 PythonDODODODODODDOOODODOOOOOOOOO

.Jdd00oooooooooo

0000000 000oU0UU0U0oUooo0o0o0o0o0oo0ooOoO00000O0O cooooooooog
godoooooboooobboob oo bbb b oobuooobooooo
0000000000000 000000000000000000000000000000 —
OO00O0ooogoa initspam() 000000000 spamO 0000000 importdOOOOO
initspam() 000ggd "spam" 0O000OPy_InitModule() oo0ooooo@oooooo
0000000000000 00000 ‘examplec 000000000000 OOO)YODOOOO
00000000 ‘spam.c’ OO0 ‘spammodulec 0000000000000 O0O0O0OOOOO0O
00000000 ‘smapdl’ O ‘spampyd 00000 O0O00O0O0O0 *smap_d.dl’ O ‘spam_d.pyd’'0 0O O
00000 (00000 000Ooggg 'sspamdl’ O0OPythonD OO ODOOOOOOODOOOODOO
Oo0ooooooooooooooooono)o

gbooobooboooobgob:

(a) ‘example.dsw’ O ‘exampledsp’ 00000 O'spam* OO0 0000000000 OOOO
(b 00000000000 OooO; 0000000000
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00000000 example_nt\example.def’ O ‘spam\spam.def OO0 00000000000 ‘spam.def
000000000 ‘initspam 0000000000000 O0ODOO0OOOOOOOOOOOO
00000 ‘spamdef OO00000000000O0O0O0O00O0OO (OODOODODOOOOOOOOOO
O0000D00000D'def OOODODOOOO0O0O0O0O0O0O0O000O0ODOOOOONO /exprtinitspam
00000000 00oO000ooo000Doo00ooOo0o0oDoOooooooooon)o

6. 00000D0O0O00ODOOOO
ooodo >0000 >ogooooobooooooboooooboooooooboo0oooboobooooonn
000000*Win320 0000000000000 0000000 (fspam)0000ICO0O0OO0O
000000 ‘'spam 00000000 (PythonDOODODOOODODODOOOOODOOOOOO ‘Include’
000 ‘PCO000000OO00OCOOOCOOOO)00000O000O0O0OOODOOOOOOODOOOO

uooobo >gb0o0ooobooboboobooboboooooob0oboooooboOobOoOao
oo00oo0O0O0O0oooOo0OoooOooOoUooOoOoOoOoOOoooOoOOoOoOgoooOcC/ect+00d
gbooobooooooboooooboooobooboooooboooooboboooonoa:

.\Include,..\PC

tmobobobobooboooboobobobobooboobooboooboboo
obo@moobooooobooooooboooo

.\PCbuild

O“00000000000ooo”0oObo00ooo0oooobooOoooDobo
booobooooboboooobooooboooon:

0000 o0o0oo0oooo0ooOo*wWind20 00000000 OO0DO0DmMOoooooooooo
000000000000 oooooo0o0ooooooooooo0d pythonXy.lib O
oooooon

Oo0O0OOoO0O0O0U00O0ooOoOODOO*wWind2O0OOO"OD0OODOODODMOOooOoOODOoOoOoooOo
0000000 pythonXY_d.lib oooooOoopoOo c/c++oooooooooo*“ooooo”
ooooooooobo “ODoooooooooo"DbO00 “bo0oobooOo oooo DL OO
ooo

000000000 000O0000 *Win320 0000000000 0O0O0OO “O0O0O00OOOO
ooOo"0o000“c00ooboobLkr cooono

O0O000DO ‘'spamdef OO0DO0OO0O0O00O0ODOOOOOO0DODOOO0OOOO0 0000000
coooooooooboo0oOoooomooooooooo *x* gO000'spam.c’ O ‘spam.def O
000 OoOKOOODOOOOoOO (ooooODoDODDOODODODODDODDDDOO)O

obooobOooooboobooooobooooboooooa:

PyObject_ HEAD_INIT(&PyType_Type)

oboooooooobooboooono:

PyObject HEAD_INIT(NULL)
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obooobOobooobooboobooobOoboooobooboooboOooon:

MyObject_Type.ob_type = &PyType_Type;

O00O00O0O0OD0ODOO0OO0OO0OOPythonFAQU O 300000000000

42 UNIX O Windows OO QOO

UNIX O WindowsO OOOOOOOOOODOOOODOOOOODOOOO0OOOO0DOOOOOOoOooooOoo
obooooobooboobOobooocobooboooooobooooooboboooooboooon
ooooo

UNXxODODODOOOOOOoOoOo (s0) 0000000ODODO0OOOO0O000000DD0OODODDODODODODO
bobooooboboooobobooboobooboboooooobobooooooboobobooooon
gboboobOobooboobobooooboboooooobooooboobobooooobooooon
oboobOobooobooboboooobooooboooooboobooooOoo

WindowsO OO OOOOQOOOOOO (¢di)D00000000000O0O0O (dangling reference)y 00 O
00000o0D00o0oobobDoobobOooDo0o00obO0ooDoDooboooooooo bLLooOon
000000000o0o00oO00oo0oo0o0ooO0o0Oo0oU0CoOo0DoOOo0OOoOoOoDoOOoUOoOoUoOO;oo
0000000000 DLLOOOOO0O0O0UO0OU0DOOUOOUDODODUO0O0DODOOUODOOUOOO
gogoobbbbooooboboboon

UNXxOOOOOOOOOOO0OO00000 (R)00000000'2 00000000000000
00000 (o)0OODOOO0OOO0DOOO0ODOOOOODDODOO0OO0ODODOO (so)ODDOOOOOODOO
gboooooboboobooooboobobooooooboooobooboooooooobobooooon
ooboooboooooooboooboOo;0ob0o0oboobo0oooboooobooboobo0oooooobon
goooboooobobooog

WindowsO OO0 0000000000000 00000000000O0O0O0O0000O0ODO0O@MOO0
i 00000000)00CO0O0000 uNnxOOOO 2 0000000000;000000000
oboooooboobobooooobOobooocooobboooooboobooooooboboooon
gbooobooobooobLLoboooboobooobobooooboooobobooboboooboboobooboooo
gooooooboooobooooooooooboooboobooooobDLLDODOObDOoOOoODO
ooooooooooobOooODOOOO0o0o0oo bLLO0O0ODODOOO0O00OooooDODOObOOoOoOoooo
ooooooooooooooooOoOoooooooooo bLLOOOoO0OooooDOOoooOooooooo
gooobooo bLLOobooboooooobobooog

OO00000o000oDOo0o0OoBO COO0ODOOUOUOODOOOODO ADOOODOOOOOUNIXDO
OO0 ‘Aa 0 ‘Bso’ 0 ‘Cso DDO0O0OO0O00O0ODOOOOOODOOOOOO,;000D000000D00ODO
gOo0o0O0O0O0O0O0O0OBO COUOOOOOOOOOOOOOOOOOOOOOOWIindowsO OO 'Adl™ O
OO0O0000 Al OO00D0OO0O00OBO COOOOODO 'Al OOOO0DOO ‘Al ODDOOOODO
gooooD;,00 AC0bDO0boooobobooobDoboooooboooooboDobobooooboooo

WindowsO OOOOOOOOOOOOOODO ‘import spam '00000000O00O;0000000
OspamO 0000000 DOO0OO0O0O0O0ODOOOCO0O0O0DOOOO0O0OO0ODOOOUNXOODOD
gOooQOOoOoOoQoOooOooO from spam import * 'O00000;,00000000C0O00O0OOOO0O
ooooogo
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WindowsO O PythonO Microsoft VisualCr++O0 000000000, 0000000000000000O
O00000000oo0ooon BorlandDOODOOOOOOOOOO)DDOOOO0OOOOOO MSVC+H+0O
ooooogd

WindowsO DLL OO OOOOOO ‘pythonXylib’ 0000000000 COCOOCOO OOOOOO DLLO
spamU ni(spam0 000 COODOOOOOOOOO0O0)0D00OD0OO0O00DO0OODODOOODOOOOODODO:

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

000000000000 0000: ‘spam.obj’O‘spam.di’ OO O ‘spam.lib’ OO0 OO0 OO ‘Spam.dil’ O O
(PyArg_ParseTuple() O000)PythonDOOOOODOODOOOOOO pythonXY.lib’ 00 00O Python
Oo0oopooooooooooog

O0O0000O000OO0nidi (D00 ‘objy Olib)y 000000000000 spamd PythonO OO
obooobOoboooobooooboobooooboooono

0000000000 000oo0o0oDooo0ooooooooooDoooooooooO (Python
0000000)00000000000000000000O0‘void _declspec(dilexport)
initspam(void) "0 ‘PyObject _declspec(dllexport) *NiGetSpamData(void) 'ooooo
‘_declspec(dllexport) 'o0ooooooooog

DeveloperStudid OO 0000 0OO00OO0O0OO0OO0ODOO0OOODODLLOOOOCODOODOOOODOOOO
ooKOOooooooooooooDooooooooooooooomoooooooooooooa
doooooomoooooooobooooooooo b0 oo obooooood
‘msvertxxlib’ 00 0000000000000 O0OOOO
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JO0o0ooooooodo Python OO
L1 [

00000 PythonDODODOOOOOOOODO COOODOOOOOO PythonDODOOODOOOOOOOO
oo00ooooO0o0ooOooOo0o0doOooOoOooOoOoOoooOoOoO0.-o0ooooo c/lect+ooooQ
o000 pythonDOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOODOOOOOOO
0000000o0oOocCco CcH+Huoooo PythonDOOOODDOOODOOODOODODDDOODODODOODODODO
O00000;0000 PythonDOOOOOOOOUOODOOOODOOOOODOOOOOOOOOODOOO
O0000000oopooOoOopoOoOoOOOoOoO0OoOooOoOoOO PythonDOOOOOOODOOOOOOOO
obooobobooobooboooogooo

PythonD OO DOOO PythonD OO OODODOOOOOOOOOODOOODOOOOOOOOOOOOOOO
PythonDOOOOODOOOOOOODOOOOOODOOOOOOOODOOOOOO PythonDOOOOODODO
o000 PythonDOOOOOOOOOOOOOOOOOOOOO PythonDOOOOO —0O00O0OOO
OO00OCOCOCOCOOO0Q00O0O0O0O0O00U PythonDOOQODQOQOOOOOUOUOUUOUOO PythonmOooooo
U0 —oboooooboobooogooo

D000 PythonDOOODODOOOOOOOODOOOOOOODOOOOOOODOOOOOOOOOO
0000000000000 00O00C00O0OooDO PythonDOOOOOOOOODOOODODOOOOODOO
OO000O00 Py _Initialize() (Mac OSO O PyMac_Initialize() )OO0oO0oDooooooood
OO000000O0O0PythonD DODDOOOO0OO0ODODOOODOOOOODODOOOODODODOOODOOOO
gooobbbobooooobobbboooouobbbboooogyg

0000000000000 0000000000000000: PythonOOOOOOOOO
PyRun_SimpleString() OO00O0OstdioDO0OO0OO0OOO0OOO0OOOO0 (DOOoO0ooOooooooog
O0000000000000000)0 PyRun_SimpleFile() oooooboboboboboobooo
O00000000Dooo0oooooooooPythonDOO00O0OO0O0OO0OOOO0OOOOOODOOODO

PythonDOOOOOOOODOOODOOOOOOOOODOOODOD ‘Demo/embed/ OOODODOOOOOOODO

good:

Python/CAPO OO OOOOOOOO

(../api/api.html )
PythonCOOOOODOOODOOOODOODOODOOOOOOOOOOOODODODOOOODOOOOO
ooooon

51 O0O0ODOOOOO

PythonD OOOOOOOOOOOODOOOOOOOOOOOOOOOO0OOO0OOOOOOOOOOOO
gO0O0COCOOQOO0O0O0O0O0O0O0OOUUUd PythonDOOOOOOOOOUOUUUOUOUOOOODODOOOO
goboobobooobooboobooboboooobooobooo
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../api/api.html

#include <Python.h>

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

}

0000000000 PythondOODODOOO Py_Initialize() 0000000000000000
0 PythonDDOOCOODOOOOOOOOOCOOOOOOOOCOOPY Finalize) OOO0C0ODO0O0OC
0000000,0000000000000000000000000Python000000000000C
000000000000000000000000000000000000000000000000
PythonD 00 ODOOOOOOOOOOOOOPYRun_SimpleFile() OOO0O0OOCOOO0OO000O0O0O
0000000000000 00000000000000000000000

5.2 UODOOOObOODbObOOOUOOO:-gg

O000000000000000 PpythonDOOOOOOOOOOODOOOCOOODODOOOOOOOOO
Oo000o00oOoOooOoOd pPythonDO0O00O0O0OOO0OOOOOOOOOOOOOOOOOOOOOOOOOO
gboooooboobooboobooooboobooooooboooooobobooooobOoobooon
oo cogooooogoopboooopoooOooooooUooopooooooo

PythonD ODDOOOODODODOOOODOOOODOODODODOO0OOODODODODOOOOOOOOOOOO0OO
0000000000000 0000000000000000O000O00O0O0O00OOOOOPython
ococoooooooooooboooooooooooooooooDo:

1.00000 PythonDO COOOOODO
2. 0000000000 CcOoO0O0oDoOOoOoOooDoOoOoOoDO

3. 0000000000000 CcO0 PythonDOOOODO
PythonDOOOOOOOOQOOOOOOOOOOODODODOOOOOOOOOOOOO:

1.00000CO0O PythonDOOOQOO
2. 0000000000 PythonODODODODODODODOOODOOOOOOOOOOOO

3.0000000000000 PythonDO COOOOOO

uboagboooboooboobooboaobooboobooboobooboaoboaoboaonoad
gboboobooboobobooobooboobooboobobooboobooooobooobogon
cooooooooooOoOoOoooOoOoOoOoOO PythonDOOOOOOOOOOO

O0000OO0OPythonD O COOODOODOOOOOOOOOOOOODOOOOOOOOOOOOOOOOO
oobooooboboooobooobooooobooobooooooOooOooboOooboooooboboOooobo
ooboooooooooobooboobooooooboooobooboooboboobboobbobbooboo
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0000000000000 0PythonD 00000 O0D0OOOO00OOOO0OODOOOODOOOOODODOO
000000000000 0O0O0OooOOOPythonD O O0OO0O0O0OOOOOOOOOOOOOOOOOOO
OO0 (CooooooooooOoOoOoOoOOOO)oO

PythonDOOOOOOOOOOOOOOOOOOOODODOODOODOOOOOOOOOOOO:

#include <Python.h>

int

main(int argc, char *argv[])

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

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

}

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

pModule = Pylmport_Import(pName);
Py_DECREF(pName);

if (pModule !'= NULL) {
pDict = PyModule_GetDict(pModule);
[* pDict is a borrowed reference */

pFunc = PyDict_GetltemString(pDict, argv[2]);
[* pFun: Borrowed reference */

if (pFunc && PyCallable_Check(pFunc)) {
pArgs = PyTuple_New(argc - 3);
for (i = 0; i < argc - 3; ++i) {
pValue = Pyint_FromLong(atoi(argv[i + 3]));
if (IpValue) {
Py _DECREF(pArgs);
Py DECREF(pModule);
fprintf(stderr, "Cannot convert argument\n®);
return 1;
}
/* pValue reference stolen here: */
PyTuple_Setltem(pArgs, i, pValue);
}
pValue = PyObject_CallObject(pFunc, pArgs);
Py_DECREF(pArgs);
if (pValue !'= NULL) {
printf("Result of call: %ld\n", Pylnt_AsLong(pValue));
Py_DECREF(pValue);

}

else {
Py _DECREF(pModule);
PyErr_Print();
fprintf(stderr,"Call failed\n");
return 1;

}

/* pDict and pFunc are borrowed and must not be Py DECREF-ed */
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else {
if (PyErr_Occurred())
PyErr_Print();
fprintf(stderr, "Cannot find function \"%s\"\n", argv[2]);

}
Py DECREF(pModule);

}

else {
PyErr_Print();
fprintf(stderr, "Failed to load \"%s\"\n", argv[1]);
return 1;

}
Py_Finalize();
return O;

}

000000 argv[l]] 0000 PythonDOOOOOOOOODargv[2] 00000D0O0O0O0O0OO
0000000000000000argv 000000000000000000000000000O0
0000 (QO00000000calD000000)0000000 Pythond0O00000000O0OO
ooo:

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

ubooobooboobooboooon:

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

00000000000 00o0o0oO0O0C0CO0O0000U0D0DOoOooooODODOOCOOO PythonDO COO
0000000000000 00000000PythonDOO0OO0O0OO0OO0OO0DODDODODODOOOOOOOO0O
goooo

Py_lInitialize();

pName = PyString_FromString(argv[1]);

/¥ pName O0O00000000O0O0O0OO0O ¥
pModule = Pylmport_Import(pName);

ooooooobooo

000000000000000000 Pylmport_Import() 00000000000000000
00 Pythond 00 ODODOO0OO0DO000000000D0O0O000O0O0O PyString_FromString() oooQ
ooo
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pFunc = PyObject_GetAttrString(pModule, argv[2]);
[ pfunc 0O0OO0OOO ¥

if (pFunc && PyCallable_Check(pFunc)) {

}
Py XDECREF(pFunc);

0000000000000 00DDOOPyObject_GetAttrString() gboogboooobogaoo
gboobooboobooboobooboobbobooobbooobooboobooboobooon
gbobooooboobooooobooboboobooobooboooooboboooooboobobooooon
OooO0O0OO0O0O0O0O0O0O0O0OPythonDOO0O0Ooooooooooooo:

pValue = PyObject_CallObject(pFunc, pArgs);

O00OC0OC0OOCOOOOpvalue O NULLOOOOOOOOO0OO0OO0OO0OO0OO0OOOOOOOOOOOODOOO
gboooboobooobgoboooboon

54 000000 PythonOODO

O000000oQoOoO pythonDOOOOOOOOOOOOOOODOOOOOOOOOODOOOOOOOO
OOO0OO0O0OPythonAPIDOCOCOCOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO
gobooobooooooooooboooooooooboooooooooooobobobboooDoobo
boboooooobooboboboboooooooooboooboobobobobobobooooboooboog
O00O0O0O0000O0OO PythonDOOOOOOOOOOOOOOOOOCOODODOOOOOOOOOOOO
0000000000000 00O0O00O0DO0O000oUOOOODOOO PythonDOOOOOOOOOOO
O00O0OPythonDOOODOOOODDOOOOOOOOODODOOOO (gue,0)000DDODODODODODODODO
gboooboobooboobon:

static int numargs=0;

[ 000000000000D0000oooooooo ¥
static PyObject*
emb_numargs(PyObject *self, PyObject *args)
{
if(lPyArg_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}

000000 main() 0O0O000O0O0C0COO0O0000000000O0O0O00 Py Initialize() 0o
ooooooo:
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numargs = argc;
Py_InitModule("emb", EmbMethods);

00000000 numargs DOOO0OO00OD0OOO0OCO PythonDOOOOOOO emb.numargs() O
0000000000000 0D00000000D0D00o0DoOOooOooOPythonDOOO0OD0O0O

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

oooobooooboon

0000000000000 0000000000000oODo0oOooO ARPIO PythonDODOOOOO
googooo

55 C++000 PythonOODOODO

C++00000000 PythonDOOOOODO,; 0000000000000 ODOOOOOOOOO CH+0O
ooooooooooo,oo0o0oobbo0ooobooobooo ct+tgopboct+oooooooobooon
0000000000000 OODO0O0OO0OOOOO0OPythonD OO CHHO0OD0ODDOOOOOOOOOOO
oood

5.6 JUOOOOOOOO

PythonD OOOOOOOOODODO configured 0000000 OODODOOOOOOCOCOOCOODOODOO
000000000000 0000 PythonDOOOODOOOOOOOOO PythonDOOOOOOOOO
gobooooboooboooooooooooboobooob unxoboooooobbooooooo
0000000000 0O0000 (libpythona) 00O0O0OOO0OOOODO (so' DOOOOOOODODOO
goo)ooooooOoOoOoOOO0O0O0OOOOOOOOO0OO0OO0OO0OO0OOOOOOOOOOoOoOOgon

0000000000000 000000O00O0o00OooooO PythonDOODOOOODOOOOOO
oobooobooooobooboobooobooboooooooooooboooooobboobooOooo
ubobooboobooboobobooooboboooooboobooooboobobooooobooooon
gboboobOobooboobOobooooboobooooooboooobooboooooobooooon
oooooo

uboobooobooobboobbooboboboobooboobooobobooboobaoaonooa
00000 PythonDOOOODOODOOOOODOOOOOODOOODODODODODOO PythonNDODOODOODODOOOO
gbobooboobooobooboooobooooboboooboOoboooobooooboobooon:

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

ubboobobobobooboobooboobooboobooobobobobooboobooonad
000000000000 0LINKFORSHARED 000000 PythonD OO OO OO ‘Makefile’ 0000
obooobooooboon

72



00 A

HRERERE

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 SourceHRutge/§ourceforge.
net/bugs/?group_id=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 near 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 Trhattker (
/Isourceforge.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, entewvaryshort 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.
agoono:
How to Report Bugs Effectively
(http://wvww-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 History of the software

Python was created in the early 1990s by Guido van Rossum at Stichting Mathematisch Centrum (CWI, see
http://www.cwi.nl/ ) in the Netherlands as a successor of a language called ABC. Guido remains Python’s
principal author, although it includes many contributions from others.

In 1995, Guido continued his work on Python at the Corporation for National Research Initiatives (CNRI,
seehttp://www.cnri.reston.va.us/ ) in Reston, Virginia where he released several versions of the
software.

In May 2000, Guido and the Python core development team moved to BeOpen.com to form the BeOpen
PythonLabs team. In October of the same year, the PythonLabs team moved to Digital Creations (now Zope
Corporation; sedttp://www.zope.com/ ). In 2001, the Python Software Foundation (PSF, Iste:
/Iwww.python.org/psf/ ) was formed, a non-profit organization created specifically to own Python-related
Intellectual Property. Zope Corporation is a sponsoring member of the PSF.

All Python releases are Open Source (s&p://www.opensource.org/ for the Open Source Defini-
tion). Historically, most, but not all, Python releases have also been GPL-compatible; the table below summarizes
the various releases.

Release Derived from Year Owner GPL compatible?
0.9.0 thru 1.2 n/a 1991-1995 Cwi yes
1.3thru1.5.2 1.2 1995-1999 CNRI yes

1.6 15.2 2000 CNRI no
2.0 1.6 2000 BeOpen.com no
16.1 1.6 2001 CNRI no
21 2.0+1.6.1 2001 PSF no
201 2.0+1.6.1 2001 PSF yes
211 2.1+2.0.1 2001 PSF yes
2.2 211 2001 PSF yes
2.1.2 211 2002 PSF yes
2.13 212 2002 PSF yes
221 2.2 2002 PSF yes
2.2.2 221 2002 PSF yes
223 222 2002-2003 PSF yes
2.3 2.2.2 2002-2003 PSF yes
231 2.3 2002-2003 PSF yes
2.3.2 2.3.3 2004 PSF yes
2.3.2 234 2004 PSF yes
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O O : GPL-compatible doesn’'t mean that we're distributing Python under the GPL. All Python licenses, unlike
the GPL, let you distribute a modified version without making your changes open source. The GPL-compatible
licenses make it possible to combine Python with other software that is released under the GPL; the others don't.

Thanks to the many outside volunteers who have worked under Guido’s direction to make these releases possi-
ble.

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

PSF LICENSE AGREEMENT FOR PYTHON 2.3.4

1. This LICENSE AGREEMENT is between the Python Software Foundation (“PSF”), and the Individual or
Organization (“Licensee”) accessing and otherwise using Python 2.3.4 software in source or binary form
and its associated documentation.

2. Subject to the terms and conditions of this License Agreement, PSF hereby grants Licensee a nonexclusive,
royalty-free, world-wide license to reproduce, analyze, test, perform and/or display publicly, prepare deriva-
tive works, distribute, and otherwise use Python 2.3.4 alone or in any derivative version, provided, however,
that PSF’s License Agreement and PSF’s notice of copyright, i.e., “Copy@ig01-2003 Python Software
Foundation; All Rights Reserved” are retained in Python 2.3.4 alone or in any derivative version prepared
by Licensee.

3. In the event Licensee prepares a derivative work that is based on or incorporates Python 2.3.4 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 2.3.4.

4. PSF is making Python 2.3.4 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
2.3.4 WILL NOT INFRINGE ANY THIRD PARTY RIGHTS.

5. PSF SHALL NOT BE LIABLE TO LICENSEE OR ANY OTHER USERS OF PYTHON 2.3.4 FOR ANY
INCIDENTAL, SPECIAL, OR CONSEQUENTIAL DAMAGES OR LOSS AS A RESULT OF MODIFY-
ING, DISTRIBUTING, OR OTHERWISE USING PYTHON 2.3.4, OR ANY DERIVATIVE THEREOF,
EVEN IF ADVISED OF THE POSSIBILITY THEREOF.

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

7. Nothing in this License Agreement shall be deemed to create any relationship of agency, partnership, or
joint venture between PSF and Licensee. This License Agreement does not grant permission to use PSF
trademarks or trade name in a trademark sense to endorse or promote products or services of Licensee, or
any third party.

8. By copying, installing or otherwise using Python 2.3.4, Licensee agrees to be bound by the terms and
conditions of this License Agreement.

BEOPEN.COM LICENSE AGREEMENT FOR PYTHON 2.0
BEOPEN PYTHON OPEN SOURCE LICENSE AGREEMENT VERSION 1

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

3. 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.

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

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

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

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

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. Subiject 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., “Copy@gh$®95-2001
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.
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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 THEREOF.

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
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, IN NO
EVENT SHALL STICHTING MATHEMATISCH CENTRUM BE LIABLE FOR ANY SPECIAL, INDIRECT
OR CONSEQUENTIAL DAMAGES OR ANY DAMAGES WHATSOEVER RESULTING FROM LOSS OF
USE, DATA OR PROFITS, WHETHER IN AN ACTION OF CONTRACT, NEGLIGENCE OR OTHER TOR-
TIOUS ACTION, ARISING OUT OF OR IN CONNECTION WITH THE USE OR PERFORMANCE OF THIS
SOFTWARE.
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