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CHAPTER 2

MERE=ATIEREIZY R

AN B X — AR AR TR 2 =07 THATIIR RO T8 C Ml C ++ 9. B FRA T XL TR,
AR BAREIE A T C 3Rk

2.1 {#f C 5 C++ 3" & Python

WRAREH C, WIHTE) Python P BRI AR T B, PR PFEASEE A Python BLIEMAEE, nIPAIE LT extension
modules FSEH: SEEUHI N BEXT S8 8 C I FERER RS A

N TSR, Python APT (W JHARIF Aefidi 1) 5 LT —RINKE. ZAAHE, FILATI Python jZ4 7 £
L RER %o Python ) APT W] PASEIEAE—A> C JCHFHFIH "Python. b SKICPERAM .

PR 4 S 07 R S AR H AR GEBL R R SN2

1M C 9 JH LI CPython, " REAIHRJGIAAEJiA Python SCBl BT AR, 7ERZEIGILT, MZlERS C
PR, SRR ARNE. 250001, WRARAN O T C FESCRGRM , IRV %% B ctypes BibkE
offi 2, MAZHOHE C AU, X AR AVFIRY Python Ui 1 C AU, 1l HLAIRSAEIEE AT . AR
GERIMCT

211 =N EBBBF

EFRATENE — AN R spam (Monty Python #3 22 i B3k I L)) H HARZLQIHERT LY. C PRI system ()
¥y Python 2 1 o iXABREHZ— DA null 45 A FATH S HOFR [l — B8 FATAE T ASE Python DA
Iy R A LR

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

VXA BRI B 1 RTERRIERER os BT, X LRy BT LRI 61
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B E#—A spammodule.c 3CfF. (4 L, AR —AHERM spam, WX SEHER C M
spammodule. c; AR MERS TR, Ll spammi £y, MIXAMEHE) SCAFRAT A M spammify . c.)

SCPE R IHRI A T2 -

#define PY_SSIZE_T_CLEAN
#include <Python.h>

XA Python APL (BISRAREX, ARATATEIX HLAS AL H AR HUBAUE BRI .

H:fR: BT Python W RES E L —LL i FE e R G5 1 ARIUE S SCHE AL B 18 S, TR A A 5 AT A A o 3k S
2z w18 * W20 * include 3XA~3C4:: Python.h.

HEFE 2 J2FE Python . h BiE X PY_SSTIZE_T_CLEAN ., AHILIU B Fi4ad A5 3k TIREAN R H 2 NE

Fr H PR ARS8 2 L H Python.h W, A RIZ Py 8 PY , R THRSEE 402 SCAEARTEE Sk S0
RT O, PAR T IHAE Python fi#REgR ) {2 WA, "Python.h" A T/ EIRMEL UM <stdio.h>,
<string.h>, <errno.h> fil <stdlib.h>. WHRJFH L SCHFEIRPI RS AR, B H B REL
malloc (), free() fl realloc() .

NI SRR C KBS B AT YR, 24 Python ik spam. system (string) HORIEM &
B (ARG 26 B E R L2 WTRaR i e) -

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

const char *command;

int sts;

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

sts = system(command) ;

return PyLong_FromLong (sts);

}

ANHILERES S RNTE GUMAMmE “1s-1") #2884 C RS CRBEZ2AMAISH, i
AT self Hl args

XFLRGE BREL, self ZRHRTIRBNS R R T R GBI 15 535

args ZH e 4t 17—~ Python 1) tuple PR FEEE, KW &S, &4 wple TR — MRS, XS
Hth 442 Python XFR — ZAEFATHY C RECH O E AT T2 a0 Hoe ey C {E. Python APT H 4 e 450
PyArg_ParseTuple () SAGASHRMIFRIFAN C(H. E B FATH B E T 2 S BB K
BB AR C AR AL, A5 KF RS S LR .

PyArg_ParseTuple () returns true (nonzero) if all arguments have the right type and its components have been
stored in the variables whose addresses are passed. It returns false (zero) if an invalid argument list was passed. In the
latter case it also raises an appropriate exception so the calling function can return NULL immediately (as we saw in the
example).

21.2 XFHERHFE

An important convention throughout the Python interpreter is the following: when a function fails, it should set an ex-
ception condition and return an error value (usually a NULL pointer). Exceptions are stored in a static global variable
inside the interpreter; if this variable is NULL no exception has occurred. A second global variable stores the “associated
value” of the exception (the second argument to raise). A third variable contains the stack traceback in case the error

6 Chapter 2. FERE=HTANRYE
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originated in Python code. These three variables are the C equivalents of the result in Python of sys.exc_info ()
(see the section on module sy s in the Python Library Reference). It is important to know about them to understand how
errors are passed around.

Python APT Hg ST — U R Ok S B SU AR i

i 0 Bk 2 PyErr_SetString (). H Z 2
PyExc_ZeroD1v151onError EFER T E X%, C
FREEXT QAT ST SRR
T — A MR 2 PyErr_SetFromErrno , R A RENS, REMAUSESRAZE errno

H. il K E0L 2 PyErr_SetObject ( @/‘Wi/\’%& 73 5 %?XT%%H AR RN AL
I Py_INCREF () JRH4 N A& 5] H o @zﬂﬁf’%@ﬁ%ﬁﬁlmﬁéﬂz
You can test non-destructively whether an exception has been set with PyErr_Occurred (). This returns the current

exception object, or NULL if no exception has occurred. You normally don’t need to call PyErr_Occurred () to see
whether an error occurred in a function call, since you should be able to tell from the return value.

FHEMEH C FRAH. RENR—-BRER
FATER AR R, JF e e — A Python

¥

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

(TERLEREIL T é‘iﬁﬁ%@%?@ﬁﬁ%LLﬁﬂ% B PyErr_* () RS IR ERIH S, I HAEX L B
JETLUSCREI . LRI B, R RN, #T EFECE REHREHEE R KBRS
H TR 5 PR i I )

REUTEE Z0 W% P — > 2 DA R BO0H FR T 158 L Y S j‘%%,«ﬁ%m_uﬁﬂ% PyErr_Clear () E2xXUHIBE .
Cﬁﬁ%f‘é‘uﬁ)ﬂ PyErr_Clear () HIME—IEILEWIHR EAH \ﬁ%ﬁlﬁ%g\ﬁﬁ‘%ﬁﬁﬁ%ﬁ%émEE%%E@E
(T RE R 2 ot i, E‘i%ﬁa@ﬁ?ﬁ HAS) .

R RWM malloc () ML EY R —AF5. malloc () (@ realloc () ) MY E £ & L 21H H

PyErr_NoMemory () HRiR B REIER . Fra X508 %L (Bl PyLong_FromLong () ) E&XAM T,
FRPAXAN R AU T EEW A malloc O MEDL.

WEERERE, BRT PyArg_ParseTuple () SFEERYHISL, 1R[] B HOIR ZSAD Y R KCHE AR J2 1 ] 1 {5
TRFTRIIN, MLA -1 FoRRM, anfE Unix RGER .

WG, ARIR B — AR B R d I S R B (A A IR 2B A R AT Py_XDECREF () B
Py_DECREF () JHH)!

PEFEG| WA 70 52 & e TR B 4. T N E ) Python S5 & AR A X M Wi FE B C XF 4, fildn
PyExc_ZeroDivisionError, RWAE M HEANT. H4&, WM YHHMEFERT — FNEMH
PyExc_TypeError RF/R— A XA TLEBIT I GRKARN % H PyExc_IOError). WIRESHINEA M
i, PyArg_ParseTuple () BREUHH 25| K PyExc_TypeError. WIRARME NS EINELAAL TR E
TEEIZWEUZ%(%EE{&%#, )”JJLE_ﬁﬁH PyExc_ValueError,

VR AT AS VR R S ME— A e o 3 SR SOPF T A I — S R AR &,

static PyObject *SpamError;

HHAEARRI BRI L (PyInit_spam () FREH— DX SRR 1L

PyMODINIT_FUNC
PyInit_spam(void)
{

PyObject *m;

(Qi¥iE3)

21. (R C & C++ ¥ & Python 7
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m = PyModule_Create (&spammodule) ;
if (m == NULL)
return NULL;

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

return m;

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

[l REE R B BRRAT T spamError B— A5 XA TR N T BT IEBEIR MG, I spamError
AP W IE S AR

—2x1HE PyMODINIT_FUNC {4 BB HGR [F] 25 8 14 I35 o
spam.error SH T DATES B L, S@id PyEre_SetString () HEUHM, WIF:

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

const char *command;

int sts;

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

sts = system(command) ;

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

}

return PylLong_FromLong (sts);

2.1.3 EF|HF
I S FE G B0 T, AR % B R T A

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

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

T—AMEA ] UNIX R R system () , ZiBBMPISECENIA M PyArg_ParseTuple () HUH:

8 Chapter 2. FERE=HTANRYE
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sts = system(command) ;

FAH) spam. system () RELLALRE] sts [ELEHA Python Xf4 . Xt (i K%L PyLong_FromLong ()
RS

’return PyLong_FromLong (sts);

FEXAEOLT , SRR R , (X RFG&AE Python HERLEHY) .

WRIREY C RERA A HFREME GRIEl void WIRED, WILAZR ] None . (ff] DA Py_RETUN_NONE
TR SER):

Py_INCREF (Py_None);
return Py_None;

Py_None is the C name for the special Python object None. It is a genuine Python object rather than a NULL pointer,
which means “error” in most contexts, as we have seen.

2.1.4 BERFGERNIIGCERL

H TR spam_system () Wil Python #2 /7 . L eR$5RE B R m] LARE Python 8, FFEEE X—ATF
3¢ method table”

static PyMethodDef SpamMethods[] = {

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

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

}i
HRESE ZAS8 (METH_VARARGS ) , X MrEFEESMH A C A5, v {4 METH_VARARGS .

METH_VARARGS | METH_KEYWORDS . {H 0 fUFfdiH PyArg_ParseTuple ) RIS &= .

15 Bk fff il METH_VARARGS , MR 4k 2 % 1% Python 1% 3 tuple #% =0 19 2 ¥, I & & f# [
PyArg_ParseTuple () #47ENT.

METH_KEYWORDS {H# RIEZ L BT SE., XREN T C MEE EZ% =/ PyObject * X%, FERF
WZ%r, ffifl PyArg_ParseTupleAndKeywords () RfEHTH S%K.

AT IRR AT TE LEEH TSI -

static struct PyModuleDef spammodule = {
PyModuleDef_ HEAD_INIT,

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

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

AR L5 FRRR RS B AG AL bR R WU BB A6y %4 Py Init_name () , HH name 2
BRI T, HMi%E TR static , HARBHRSCIRHL:

PyMODINIT_FUNC
PyInit_spam(void)

(Rt

21. (R C & C++ ¥ & Python 9
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{

return PyModule_Create (&spammodule) ;

}

¥ PyMODINIT_FUNC =B T iR/ N Pyobject * aR[IZRAL, SR & 4R Edr, PAIES C++
AR BN extern "C" .,

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

itk A Python i, PyInit_spam () REASHHSIEA, BRAEAE PyImport_Inittab FH ., RN
HeE|watk e, i PyImport_AppendInittab () , A[MEAJERE —HEHE A

int
main (int argc, char *argv([])
{
wchar_t *program = Py_Decodelocale (argv[0], NULL);
if (program == NULL) {
fprintf (stderr, "Fatal error: cannot decode argv[0]\n");
exit (1);
}

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

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

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

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

PyImport_ImportModule ("spam");

PyMem_RawFree (program) ;
return 0;

HEff: BN sys.modules MFRSEIR BT AC i A 2] —IERE L 2 AR (BB fork () M
exec () ) RFE— LR EP R §RBHUEE Al DAFERT IR 0 N R IR A A I 4 H e i

W 2 e TR PR S 1 ) -4 A7 Python JERS ALK Modules/xxmodule. c W1, X6 SCER] DA R VEMR G
AR, BE > . A modulator.py £ & FEYRIS & 4Tk, Windows 36 Hr, $2AUL T —/MET LAY GUI, Ik
PR TS B R AR 5, I Hoo] DA BB A . B ASTE Tools/modulator/ H 3%, 27 README DA
TR

10 Chapter 2. RERE=FTHREEYT R
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R AMEFERAIE spam -, xxmodule i T % ¥ #An4s 1L (Python3.5 FF4f5| A), PyInit_spam £¥iR
[a]—~ PyModuleDef £54{4, X5 0IEARLHL ] S AMLE] . 4045 2% PEP 489 [ Z M BiwI iRk .

2.1.5 YmiFFOsksE

TEARREM VRIS (0 FEZ BT, VRIETHZMMCEF : (1] Python RGURARIFMBER: . WARAREH h N
B, X TARE T B RS S MEBNLE E2E B SHmFEY BTN (h22 OC++ Ik
FAT), PANAE Windows 4 BRYBIIMEE (& Windows F & thi¥ C o C++ Ik BH).

WIERARA GBS N2, S AR ZEERHUR AV Python MERERSIN) —T07y , WA AUE ek e B LA, I

T ERERS . s ETE Unix BARMTER, HFRZARA S ( spammodule . ¢ R B BOTEMEHE 40 RS &4 T
B Modules/ HEFR, BII—478| Modules/Setup.local FHEBIRE LA

spam spammodule.o

IRJETETIZ H 5)I51T make SRECHI M EAFREG: . IRWATLATE Modules/ T HRfii /] make, {HIZRULZISEH
# Makefile UfF, SAJ5izfTmake Makefile’ fir%-. (VREFRIBEL Setup SR B FHEHRAE.)

R R TR BB B, XSS T AS I AR B SO L, 28 S0

spam spammodule.o —-1X11

2.1.6 7£ C hiff Python F#§

a4k, Bl FEVERE S AL Python Y C B, HSIRAMUEAH, #ILH C i Python
B XAERRRECT LA . WA C B R, T 4RSS B L

SEEIE, Python MFRERLE HEO BTN, JF2hRE Python FBCHLAE THRIER: . G TR FTIFA N
Python {LAEH 4 AR R, WIHAT XM A% Python/pythonmain.c i —c Ar4-fLid. )

JAJH Python B, 4 Python B 3544 i Python B % . I BEHEAEA BB (HRHLLHE ) B, 43

XA PREL), 4R AR R ARAF Python BRECH S $84, WER A (Py_INCREF () KI5 A4, M“%8A
A e R m g4 X R, FT:

static PyObject *my_callback = NULL;

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

PyObject *result = NULL;

PyObject *temp;

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

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

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

(Rt

21. (R C & C++ ¥ & Python 11
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}

return result;

}

XA PR B ] METH_VARARGS br i VEMF B MR RERS, IXAEAL ¥ 77 ik & fo i ds 10 3 30 BT & ik
PyArg_ParseTuple () PREUSL ISR SCRYFEIR I e 40 544 o

The macros Py_XINCREF () and Py_XDECREF () increment/decrement the reference count of an object and are safe
in the presence of NULL pointers (but note that femp will not be NULL in this context). More info on them in section 7|
R T #.

Later, when it is time to call the function, you call the C function PyObject_CallObject (). This function has two
arguments, both pointers to arbitrary Python objects: the Python function, and the argument list. The argument list must
always be a tuple object, whose length is the number of arguments. To call the Python function with no arguments, pass
in NULL, or an empty tuple; to call it with one argument, pass a singleton tuple. Py_BuildValue () returns a tuple
when its format string consists of zero or more format codes between parentheses. For example:

int arg;
PyObject *arglist;
PyObject *result;

arg = 123;

/* Time to call the callback */

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

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

PyObject_CallObject () iR [ Python Xf % #§ 4, X o & Python M %t 1 & A fH.
PyObject_CallObject () s&2— X HSH” 51 Hit 5L X" B Bl FH e cdt gl T2
3, I HAE PyObject_CallObject () ZJE LB T Py_DECREF ()

PyEval_CallObject () RYRIEMERZ “B” M) B2 DHENNS: Ba e /X%, HiEm 5]
H%Wg%&u E;rvxﬁfﬁiglaﬁmﬁﬁezﬁ%%ﬁﬁé%@ﬁqﬂ, YRFFERXAME B Py_DECREF (), EIEARXT BRI Y
75 (Fral) AR,

Before you do this, however, it is important to check that the return value isn’t NULL. If it is, the Python function
terminated by raising an exception. If the C code that called PyObject_CallObject () is called from Python,
it should now return an error indication to its Python caller, so the interpreter can print a stack trace, or the calling
Python code can handle the exception. If this is not possible or desirable, the exception should be cleared by calling
PyErr_Clear (). For example:

if (result == NULL)

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

W T HAR R R AL, IR B E— S50 3R 8| PyEval_CallObject () RN T SHBIRZ
i Python F2/7 2061, 32 1V BAL 2] MR R XFERE ] DA AR U E e A o 9 A SEIH AR B A 1
— BT tuple SRAZHESE. A B A2 Py_Buildvalue () pREUIYIE tuple. B0, IRZEAEE—AF
3t G B T A :

PyObject *arglist;

arglist = Py_BuildvValue (" (1)", eventcode);
result = PyObject_CallObject (my_callback, arglist);

CFTgkED)

12 Chapter 2. RERE=FTHREEYT R
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Py_DECREF (arglist);
if (result == NULL)

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

JER Py_DECREF (arglist) FITEACSIRIVAM, FERHREZ BT, YRR RS0 m AR,
Py_Buildvalue () W] BB IR LS55,

PRIREFEETE, WA ESHHM pyobject_Call () , FEIX T ESEM S5 Hntn Fol+
W, FRAEH Py_Buildvalue () SRAEFUL,

PyObject *dict;

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

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

21.7 BT REHHSH

PRE PyArg_ParseTuple () BYEEIHINT:

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

S5 arg MR TCE TS, & M Python #4345 C BREUNI S EIN . format BELL & — X FA4F
i, iEYAiE 5% Python C/API Fiif b1 arg-parsing. SRS HUE KA RHNE, BB S5 ZR BT .

ER PyArg_ParseTuple () sxfirllifliiis 211 Python S, AUCHAKIN (e iksafiury C Akt Jg
Eﬁ@T,T%%TWﬁ¢%m%A?E,¢M

VE AT F A4 42 060 Python X431 FIE 48 e s RIS A9 1 T4
R

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

int ok;

int i, 73;

long k, 1;

const char *s;
Py_ssize_t size;

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

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

ok = PyArg_ParseTuple(args, "l11ls", &k, &1, &s); /% Two longs and a string */
/* Possible Python call: f(1, 2, 'three') */

2.1. {#HH C g C++ ' & Python 13
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ok = PyArg_ParseTuple (args, " (ii)s#", &i, &3j, &s, &size);
/* A pair of ints and a string, whose size is also returned */
/* Possible Python call: f((1, 2), 'three') */
Yy

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

f('spam')

f('spam', 'w')

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

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

Py_complex c;

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

/* a complex, also providing a function name for errors */
/* Possible Python call: myfunction (1+27) */

2.1.8 A REAMHXBFER

% PyArg_ParseTupleAndKeywords () mHEHANT:

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

The arg and format parameters are identical to those of the PyArg_ParseTuple () function. The kwdict parameter
is the dictionary of keywords received as the third parameter from the Python runtime. The kwlist parameter is a NULL-
terminated list of strings which identify the parameters; the names are matched with the type information from format
from left to right. On success, PyArg_ParseTupleAndKeywords () returns true, otherwise it returns false and
raises an appropriate exception.

TR i ER TS T SR OB, ANTE kwlist WK KB P SR 38 TypeError S,

WF R KT SR B AR, 11352 Geoff Philbrick (phibrick@hks.com):

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

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

int voltage;

const char *state = "a stiff";

const char *action = "voom";

const char *type = "Norwegian Blue";

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

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

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

Py_RETURN_NONE;

static PyMethodDef keywdarg_methods[] = {
/* The cast of the function is necessary since PyCFunction values
* only take two PyObject* parameters, and keywdarg_parrot () takes
* three.
*/
{"parrot", (PyCFunction) (void(*) (void))keywdarg_parrot, METH_VARARGS | METH_
—~KEYWORDS,
"Print a lovely skit to standard output."},
{NULL, NULL, 0O, NULL} /* sentinel */
bi

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

PyMODINIT_FUNC
PyInit_keywdarg (void)
{

return PyModule_Create (&keywdargmodule) ;

2.1.9 PWEERIE

XK PyArg_ParseTuple () fRAH{EL, FEAUIT:

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

A, 5 PyArg_ParseTuple () MHlA], (EU2ZHbie A & ik 5 5 G A2 s 2K
I D . F 28R 1] Python X448 A TR ] C ek 4 i 45 Python AUfiH.

—A~4 PyArg_ParseTuple () HIARFE, JGIH A RER A ZOKIR [l —Jod (Python ZHUELRMWERTEN
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AR e, HCAN TR 45 oAt Python B EIAZ 4. Py_Buildvalue () HAEREMITH, LT
ISR A ocd], AR BA S HOUR ] None , —DSBINEHGR [PHES BRI S . AR KR H
AR e, & ICRMICd, HEAER TR P RS

Bl M2, A2 Python {HZR):

Py_Buildvalue ("") None
Py_Buildvalue ("i", 123) 123

Py_Buildvalue ("iii", 123, 456, 789) (123, 456, 789)
Py_Buildvalue ("s", "hello") 'hello'
Py_Buildvalue ("y", "hello") b'hello'
Py_Buildvalue ("ss", "hello", "world") ('hello', 'world')
Py_BuildValue ("s#", "hello", 4) 'hell'
Py_Buildvalue ("y#", "hello", 4) b'hell’

Py_BuildvValue (" () ") )

(

Py_Buildvalue (" (i)", 123) (123,)
Py_Buildvalue (" (ii)", 123, 456) (123, 456)
Py_Buildvalue (" (i,1i)", 123, 456) (123, 456)
Py_Buildvalue("[i,i]", 123, 4506) [123, 456]
Py_Buildvalue ("{s:i,s:i}",

"abc", 123, "def", 456) {'abc': 123, 'def': 456}
Py_Buildvalue (" ((ii) (1ii1)) «(ii)",

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

2.1.10 5| AVtE

FE CIC++ i H AP ST sh & 2 BRI ol fi 3t (heap) 24 AN FF. fE C L, @id % malloc () Al
free () R5EM. 1E C++ HUZHRAE new Ml delete SRELBUIMFIILIAE.

A malloc O DRI, RAHLEN free () BRI HNAE T L. MM free () BIIAL
PEREZ, MR ADNFRET free () M SENTAE, XHATFAEREPE R BIR JCRER A - XY
R AR USRI [l A7 free O T VUG, 300~ MEE-FRRUT, WFRRMH malloc () EH
XRATF S BRI X F 464, S5 T EN ARG RI%EE, core dump, FEEREER, FHALAY HATSE

WA EEAE A A AR TE— L5 AN DL ACRD A B e — DR BOR TS T INAFRAS , T 2858, SREREL
WAFBR . BIAE— S0k bR R 8 5T RS XS A A B i 2 U, AR P AR R ] T AR
SACAEIR BRI AT, el s B g A . XA At — HSIA, Gl AR I AT E ARG 2]
BEEE R O ARRERAG, T BRAR R ST AR BRI AU N AT, B RASIEU (UL R 0327 sl B 1 3t
PREUN A SRR . L, AL TR A, AU AT 2 SREms R dre/ MU ISR 32

Python jfiid malloc () Ml free () W& KR NAFEAREM, FIFEFE SO N 7F it A B 95 6. bk
MR 51 R T a. HRP LRI BRI S — TR, TR A - X R G | e
%, BTUHTHECH 0 ), FRNRECKBEAFENESCT, MR AR T .

H— AL 8 FHBEIREDk. O RGUTTB R MR SR moRm, TR X A B30 HPAX 2 ).
Bl b7 3% S O S0 AR TR IR free O o 5 —MEAURECEE S AR, SATMX I
AXE). BREGEN C, A RS AR Y E SRR w151 IO R AR AR S (R % malloc () M
free () BRFUEW Y, Xthig CARMERREY . WIFAEHE — R M I HAER B SiBIR gy, EAEL
HIBRATAE 5 TR T A,

Python i JIALGERT I HITT R BL, At TORERIEIN G, JHDAGINS | HIPERR . X (A5 I Jo /G 1H 0 B o)
BRI TSN, 5| THBIR IR — D5 . SIIRIE N G (TREEES) M5 T4, FrPA
DEER PR DXE SR T RCE AN 2 0. SRS | T RCE BTG IO 5 DHARFR Xt 5, S5 Wi R
Bl RBIA S, WA BCA TR ASNRS T 1.

DEERSAM b n] AR I SSEIRAGERH B go BRI T I RIs T 4R (collect () ¥ , M HAPATEZ
PP E A ARG . MR SR CA R 4L, BOAR &R, WA DEMEINEHH, 78 Unix 15 (B
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i Mac OS X) ffi i} ——without-cycle-gc J&M%| configure A, WIRIEFFIMEWEEA, gc bl
AR

Python shiy5| Hit#k

H W% Py_INCREF (x) il Py_DECREF ( ME%IH%W%IE’J?‘B& Py_DECREF () th&¥ES| A3
5 O FPREICN 52 ﬁTi{ﬁ AR AET%FJH% free N ip=SubupoE JOIESilbsy %m?éﬂ‘éﬁﬂéi}%ﬂ%o AT
XASE ) @ HABR), B RS — A8 E %%ﬂxﬁ%@f‘éﬁ

KA FEUKIH . o ] Py_INCREF (x) fl Py_DECREF (x) 7 FRATEETIA—LME. WA N HE”
— X5, RA] U\J}fﬂ%"—/\ﬂ)ﬂéﬂ~/\ﬂ% ~/\5<1‘%m§|mwﬁﬁzmx%ﬁiﬁélmmﬁi 5 HNIEE
HTALH Py_DECREF () , TE5IHAFTRER . 5IHHA XA EIE. B =FpERA & 15|
i te . fFEiE. R Py_DECREF<> o it E A WSS S BN .

ERTDAAE R — XG5 M . (SIS UHR %R py_DECREF () . &I WARERA GERA WSt
POAT A ) o AEHHA A B G S (A T 5 | A U, 58 A e

AR T 5 R OL AR AR e T OB AR AR EACRD YT T, BB UL, o i AR TC 5 1H 0 A S 1 DX
W A R Bl e — SRR IER AU LS FTRESTEI A H AL B S XA

AT A RA S, R Py _INCREF () o EASPMC LA IAF RS X m a)d—A 5
AT, 4T e era & 5HUE (%‘)fﬂ’]%ﬁ%%é) TR ES I, S BIIA IR -

HEAN

B ARG F LI — ROy, R D %R E A R AR R BT .

K2 BORBGR I — X285 #% SIRAWAEXR. B, A ETRNEE, Fa
PyLong_FromLong () l Py_Buildvalue () , &f&#IA X RALWE. IEEXNEAZEHIEHT,
44\{)372§HW\%%X¢%E@%E%IFHO — A5 2 PyLong_FromLong(> Yo T —ARATEEAT, FEATLAR
EV A7 H B35 H .

REFH DAL EBT LW EE, Wy ] KR, FlA PyObject_GetAttrString() . iX
BN G, — LA KE A8 B2 F 4B PyTuple_GetItem() , PyList_GetItem() ,
PyDict_GetItem() , PyDict_GetItemString () FEIRFEMICLAL. 7. FHMBEHMWEIH.

PRE PyImport_AddModule () & REMEHMIGIH, WA T RES R AN A XIS XA BE R A — A4
A5 xR RAFELE sys .modules B,

YRGB — X R B 7 — AR B, T RECE S A . SRR, Wi Py_INCREF () 3k
ARSI XA MNP EZRYBISL: PyTuple_SetItem() Ml PyList_SetItem() . iX4k
g%ﬂi%@@%%%lﬂ%?é%, WEm2s k! (R PyDict_SetItem() &ﬁlﬁl%ﬁ%#ﬁ%%lﬂ%a‘é%, A
= IEFI).

24—~ C pR %k Python W HIBY, SN RS EUE I . MAEAE NS5 1, B Hr5]
P A=A R AT DAPRIE S eREIR (] . HEU A8 A5 | 7R ZAEREUL B, i A A v R, i
F Py_INCREF () .

Python P& Ji] A C eREGR [R5 | I 204 195 | 1 —H1 & RPN s B i 45 8 3

fERSaYE K
AOEER T, ARG HAERRICE, HAR SR, Xl R R R, FF TR TR
TG E AL EX AT

2ARE ST ARSI WAL URAETI KL
SRR HITECE A VBT, ST ST DAL C SRR R, A T AR A 5 T A«
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e SRR DU M Py_DECREF () B|—PIERXR, WX MXIREIGUH M H—15R1 T
Ro B

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

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

ARBTG5 1ist (0], a8 1ist (1] AE 0, BIGFTEMERAMEIH. AEELER
e, HEIRR.

FATREEHRIEA PyList_SetItem() . FIEIMAETIH THIGR G, oA G 1 o), st
DAL B IFR A G 1. PR IFOR A LB 12 P RIS, FRBOXANRE N T __del () ik,
TR XA LB AT ECE 1, IR ESEESTET __del () ik,

WSR2 Python By, __del_ () HFERPAPATIERE Python 15, 27 AIHELE bug () B item JE1EG|HIE,
M. RIS FAEHE] bug () &8 __del () FYETVTR, AT APAT—MEAPRSEEL del 1ist[0]
RIS RGN R5IH, B BN, WS item TTRUL.

FRRTTIE, MARARE T SRR, A S 1 IR G TR IR AR Y eR AR A

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

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

KRN ELWEE . — D IHBRAR) Python £15 71X 4> bug [AS R, 1ii—28 \FE3E T K &R EIAE C 7l b
EFW A4 __del () HESEM.

A ()R 55 AP oL A T B 5 B R R AR AS Rl . 18, Python fRRREE HEL AN R AR T W R A T A %
7, WNAANERSRE Python BAXT S 23 0], (HA] A %2 Py_BEGIN_ALLOW_THREADS IlFHHIREIL
XA, FEHREUEH Py _END_ALLOW_THREADS . i3Xill 7 Bl 67 fH %€ 1/O R FH b, (A5 HAth R AR ] DAYE %%
F5 VO HAME) (6 AL BRER . SAR, R BRALS IR Z HIARANA —FRAY A A :

void

bug (PyObject *list)

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

NULL {84t

In general, functions that take object references as arguments do not expect you to pass them NULL pointers, and will
dump core (or cause later core dumps) if you do so. Functions that return object references generally return NULL only
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to indicate that an exception occurred. The reason for not testing for NULL arguments is that functions often pass the
objects they receive on to other function — if each function were to test for NULL, there would be a lot of redundant tests
and the code would run more slowly.

It is better to test for NULL only at the “source:” when a pointer that may be NULL is received, for example, from
malloc () or from a function that may raise an exception.

The macros Py_INCREF () and Py_DECREF () do not check for NULL pointers — however, their variants
Py_XINCREF () and Py_XDECREF () do.

The macros for checking for a particular object type (Pytype_Check () ) don’t check for NULL pointers — again,
there is much code that calls several of these in a row to test an object against various different expected types, and this
would generate redundant tests. There are no variants with NULL checking.

The C function calling mechanism guarantees that the argument list passed to C functions (args in the examples) is
never NULL — in fact it guarantees that it is always a tuple*.

It is a severe error to ever let a NULL pointer “escape” to the Python user.

21.11 £ C++ h R EY R

AT DATE C+ g S JAsise, FURAT BEpR] . 40 2R A% 7 (Python fRERR) 26 C Gk ae o g iAo 4%
Y, R SR S AR A BB o AR Ct Sk e R BER AT XA L. R &2 9 Python
AR SRV GRS SR B BRI I AL BR B WS BN extern "C" . TIETRAE extern "C" {...} HuH
Python SKSCPENIA IR AL, PEAUNIRE L THFS __cplusplus MEZGEX AR T (A B C++
G 2 E XA

2.1.12 44¥ RIERIZ{ C API

REY TEATHAR AL T8 s AR S UL Python [, (A I AR BL AR ACAD th n] AREHAtL 9 FREASLBR il 1]
Blan, — R R] PASE I — > collection” F e R J& A T Y . 42 Python 51| RKHL, 4 C
APL SAVFY A HOR QM ZAES 513, XAHHYAR G IR DA — i C e U T4 At ™ RS L G

TR ARG R AFEEERE Cof Al static), FefaAm33Cr:, AR CAPTISCR . Lbx
AR I RS J i S R £ Python ARSI (U2 W] AR TARMY . RIS AIE SR gefiemy, — M
B A5 E SO — AR AT UL . AT UL O T4 E R S8, — L8 RGN Python I REAR 0 1] 42 R iy
#25[8) (F4n Windows), A LEMFEEERE I 52— ™R E S AL S IR (617 AIX), siEdeftn] it
AN TR S (A Unix Z851). BIERAT S 24 Rml WA, VREEE BB nT BE v A 2K

RS T B RENS AT Al WL E MU R . X RE Y R LA T A5 #R Y il static , BRT
BRI IR R, Al S 5 HA Y AR 1 i 42 vh o8 (FEBE ALk 7 5 R A s 1L A FRhig) o X RIIR
HFAF T NI oL IR AL HA 5 H 7 AOR B AR 517

Python {7 — ARl BLHR i C 5115 B (54, A— 9 RIBER S 55—~ Capsules. —> Capsule
&> Python ##a2K2, ZPRAF464F (void *). Capsule HfEMHEH C APLREIAAI A, {HA] DA AL
Python X R—HEf &, lH, AT LASRE — Y B Ay & S\ 4 7 o HoAh g R AT AT A
B, SRPOX A TIIE, S5 Capsule ZREUEE

Capsule [ VA Z #0705 U i C APL 439 Jtitk . 4R %T A H ©#Y Capsule, 83 BT C APL %A DA
FERETE— R L, B T A 45 Capsule., AFHAIPRIURE AT A ZF005 2, BE% FoomAsis il ] o

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

MR A KU TR0, XS PHEAR L, R XK IBFAAE TR 2 IS .
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WHKYL, Capsule i T555 C API, HA 7 WAXEERUIH ML :

modulename.attributename

EFIRK %L PyCapsule_Import () AILAJT BRI AL Capsule #2841 C API, {UfE Capsule {44 F-VLRALHT .
XAMT R C AP P fit Tmﬁﬁ@ﬁﬁ%‘fﬁ%%ﬁ/\ﬁﬁﬁﬂ@ C APIL,

W7 R AR SRSl S U E R B D3R, & TR R R AT C AP 541
Bi7 B ) 1 void fRFH IR R, HOEH(EAS Capsule. X W IGREHK SCPFR L T R4 B S AR
BRAMIZRHL C APL458t; &) i U5 e C AP A X A2 B ml

SHMBEYUE M A spam B, REH—A £ 6] T BIE. B spam.system () NEHIZWA C ERE
system() , (H— ¥ PySpam_System () & MTFIHM, MR & HE L8 (U7 N spam” F|4&EA4~
fi4). HE PySpam_System () W25 H 45 HALY AL,

PR%L PySpam_System () 244l C 4L, A static @it H AN AR

static int
PySpam_System (const char *command)
{

return system(command) ;

}

PR spam_system () RGN 7 R Bk

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

const char *command;

int sts;

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

sts = PySpam_System (command) ;

return PyLong_FromLong (sts);

}

FERBEHIT Sk, FE AT )G

#include <Python.h>

Gy

#define SPAM_MODULE
#include "spammodule.h"

#define AT HACK T EMLGH FHABL, MARE I, &2, SHAIHIIHL R BN 73T
WG4k C API 3541 %4

PyMODINIT_FUNC

PyInit_spam(void)

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

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

CFITgkED)
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return NULL;

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

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

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

return m;

Vi PySpam_API FHN static ; HAMEHEHSTE PyInit_spam () Z5HEHK!
k34 spammodule.h BAY—HETAE, Bk UTFAR:

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

#endif

/* Header file for spammodule */

/* C API functions */

#define PySpam System NUM 0

#define PySpam_System RETURN int

#define PySpam_System PROTO (const char *command)

/* Total number of C API pointers */
#define PySpam API_pointers 1

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

static PySpam_System_ RETURN PySpam_System PySpam_System_ PROTO;

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

static void **PySpam_ API;

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

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

static int

import_spam(void)

{

CFoiaks:)
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(£ LT
PySpam_API = (void **)PyCapsule_Import ("spam._C_API", 0);
return (PySpam_ API != NULL) 2 0 : -1;
}
#endif

#ifdef __cplusplus
}
#endif

#endif /* !defined (Py_SPAMMODULE_H) */

7 i AR P 0 50T H W) 46 A R K B 4% G U T BR &L import_spam () (& ) A BE U5 M) B 4L
PySpam_System() »

PyMODINIT_FUNC
PyInit_client (void)
{

PyObject *m;

m = PyModule_Create (&clientmodule);
if (m == NULL)
return NULL;
if (import_spam() < 0)
return NULL;
