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HERNS=ATH
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+ SWIG FI Numba $f8t 7 5] BRI A Z 7 ¥51 Python B C Ml C ++ P/

S

Python Packaging User Guide: Binary Extensions “Python Packaging User Guide ” N5 T L Rifb—
PP RAEN T H TH, B0he T A s e tlEdy R 4 Fp R o



http://cython.org/
https://cffi.readthedocs.io
http://www.swig.org
https://numba.pydata.org/
https://packaging.python.org/guides/packaging-binary-extensions/

Extending and Embedding Python, & %5 3.9.12

4 Chapter 1. #FME=HTH



CHAPTER 2

MERE=ATEREIZY R

A X — S AR A 5 0 THAR B IS o0 T A C Al C ++ 7. B2 Tk 2 THAY A
HE, MARHEBREEHCH C RN,

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

WIRRESH C, TIHTE) Python Py E AR R M. DA WA REH Python BRI, W PAE N
extension modules RS2 SEPUFI P EXT G280 T C EREM ARSI .

NT A€, Python APT (W HIREFF St 1) €T —RIKE. RHASH, LAV Python iZ17
I R GERY K7 A% . Python (1) APT n] DAEAE—A C IESCFH5I ] "Python. h" KPR -

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

1Eff: C 47 N CPython, 3 JEAIHUICIALE HA Python SCBL ETAE. YERZHAEOLT , Mzt S
CYJE, RGN, 20007, AR BN T C ESARSREM, R %% AN ctypes
Bl cffi i, A2 HEE C AU . XLERUERALVFRE Python fURSASE I C {CRD, iy ELn] REAE M S 47
AR R ICT

211 =N EBBBF

IEFRATBIE — AP AR spam (Monty Python #7522 fr 3 W HI B #)...) I H AL ZERIE XY C JE R 4L
system () ' [1§J Python £z 1. XA R 4H 32— DA null 5 1 FAFER SHOF IR — M4 R4
PATE Python H AU 77 2R I M bR £

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

HEAI#E— spammodule.c XfF. (B4 L, WER—ABHI spam, WX LI ER C LM
spammodule. c; QIRXMERY FARF K, ANl spammi £y, WXL SCAFRT DAY spammify .
co)

SR IR R AT A
VAN 1 B AAERRIERI o5 LT, SRR — AN BT BB T
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#define PY SSIZE_T CLEAN
#include <Python.h>

X3 A Python APT (MIARARFVC, ARAT LATEE HLES A ELE H ARAUBA fE SRR .

1M BT Python ] B £ i L —LSERgma sl R0 b ARUE K SOOI IRAS 2 3, PRI A 5 A AT A o 3k
AEZ BT, R *F 5 * include XS0 Python.h.

WeF2 B 2HE Python. h {i5E X PY_SSIZE_T_CLEAN ., ZXEIZIUY B H4ny A R TN ENTFL
%

JrAAE Python.h W LM Pl WA SER R A Py Bk PY BIZK, CUEARMESK SCH e LRIk LE R
Hho FZEEIEAE, Wi T AL Python @Rt il iz, "Python.h" i G T —2UARiE KL S0
<stdio.h>, <string.h>, <errno.h> fl <stdlib.h>. UWHJGHEF L SCHAERM RS EAELE,
RS HERHERE malloc (), free() fil realloc ().

NS SRR C R B IR BT A, 24 Python F3A3K spam. system (string) HOR{ER
BRECR B (AR PSR B e B i )

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);

}

ANEZEIFSEIRN TR IR “1s-1") 2244 C BB C mBUEZA M
B, W AT self Ml args

XRERGE BREL, self ZRHRTIRBSR ; XTI IR MR [ % G501

args ZHEF5 1> Python [ tuple Xf & 1545l , HH &S24, A tuple WX —NEHSH XL
SR 4R & Python X4 - BAEFRATHY C s H B AT T3k 75 200 HfE 454 C . Python API Hify
PRi# PyArg_ParseTuple () &S ERADER LN CH. B AR E T B2 SEEE
T DL S AFAE B S AR C AP BT, 4075 B RY S5 1

PyArg_ParseTuple () TETA SECEA IEM2EAL H AL B4 4 W7 e AL 33 Rk i ik LR, 2 ] B
(EZ). HAEEEATLUSEIHR MR (F). EELFTFH, & MBsEE R, M0 iRk EmT DAPE#
IR 8] NULL (552 611 B L)

W

21.2 XFHRHFE

An important convention throughout the Python interpreter is the following: when a function fails, it should set an
exception condition and return an error value (usually —1 or a NULL pointer). Exception information is stored in
three members of the interpreter’s thread state. These are NULL if there is no exception. Otherwise they are the
C equivalents of the members of the Python tuple returned by sys.exc_info (). These are the exception type,
exception instance, and a traceback object. It is important to know about them to understand how errors are passed
around.

Python APT 15 S T 86 i KOk 1 Tk B i

I # M B B2 PyErr_setstring (). HBHMEREXN LM C ¥ H. FHEIR BRI R
PyExc_ZeroDivisionError XFEHHIE LG, C FAFH TR IEE, H ikl —1> Python
TFAPHM RN T RIRAE

6 Chapter 2. RERE=FTREBT R
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F—H AR EEE PyErr_SetFromErrno () , U#EZ N REMNER, FEMALSHELREE
errno J1. fil IR EREOEAE PyErr_SetObject () , WEMNEEL, 49N FHX L FHIIR. /R
ANFELA ] Py_INCREF () AL s 2] HoAh sk 50 S E0F 4105 | VL

YRAT A PyErr_Occurred () FEAE IR IEOL PRI G E T 58 . DORFRR 24 Hl w04,
B QR AR & A R R 0] NULL, R AT E ] PyErr_Occurred () RAF REOHH 26 %
HETERAR, MR AZBEMGR BHE A k.

G f V55— B ¢ WA E S T, 4 ) D3R — R G NULL 5 -1).
© R MR PyEre_ () M- SORIEIE L0 g AL T . £ VLT b U 3 o] —
SORHLT AT, I R R PyEre_s O, HOLSHE — R BRI C2 o SR )
YRR 7. — Hx/EHRE] i Python ARSI RER, & 2 IE 24 RIAFTAY Python [k
i Python ¥ B A6 2 105 4 AL R

(FEHLEREOU T, U SCRERS A L E PyEre_* () BRI IPRAIAO BRI S, 9T HAEX 2
DL AT AR o (H R 3% I — B, XA E, I RERECE R RIERMEERER: K2
TR 2 b T PR R T R )

REUEE 220085 phy— A~ 2R W) e R0 ) BT B B S, S AR AU W PyErr_Clear () BAMIgE
Br. CAIBM Y4 PyErr_Clear () MME—IFLLR AR ENERFH R G R T2 g et H Ok
AhFEE (ATRE RSl A i, SRR ) .

FFR KM malloc () PR UAEE S — D5, malloc () (8% realloc () ) R H & 245098 H
PyErr_NoMemory () iR [FIFRRIER. A X548 K% (Bl PyLong_FromLong () ) EE&X A4
T, FrPAAN R T EIEHH malloc () AU,

WEEERZ, BT PyArg_ParseTuple () SFHERBISL, &[0T EELCRASHE 1 ok L0 F#A0 2R o] IE(H
S FARFRMI . MPA -1 F7R R, AnlH] Unix R0 —H.

B, MARIR B AN R IR S AR B B R E R GEA A IRE 201 XTI AT Py_XDECREF () B
Py_DECREF () JEH)!

PG E WA T H e &R T AR B, FTA B Y Python & #AG XF . W= B C b4, il
PyExc_ZeroDivisionError, {RUJPAE M A EAT. 245K, WV YL HE HEERE - NEMH
PyExc_TypeError JRFR—P A TLERFTI G KM% H PyExc_IOError). WIRSHIIER M
#i, PyArg_ParseTuple () HMEGHEF 5K PyExc_TypeError. WIRRBE—ASEMHLIALT
R T 2 b0 2 Hofth 2544, & B ] PyExc_ValueError,

PRULAT AR AR AR S ME— B 0 . 75 SR SCPR R A B — N isx e &, e

static PyObject *SpamError;

HHAEARRIBIE R AR %L (PyInit_spam () HEH— 58X SRR 1L

PyMODINIT_FUNC
PyInit_spam(void)
{

PyObject *m;

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;

21. £/ C & C++ ¥ & Python 7
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B E R E N5 Python &4 /& spam.error . |fij PyErr_NewException () EREAIPAGIE—/N3E, H
HI5 Exception (JRAER A —1FME A LA NULL ), 4752 L bltin-exceptions .

] FE A T 2 B PR AT T SpamError — 5], XRAEM. N TP IR s, 5 )
spamError KN &M B 14T

—2x1HE PyMODINIT_FUNC 1fh s EIGR Bl 224 1 v
spam.error SEH A DATEY Rl , it PyErr_SetString () BREEM, WF:

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 PyLong_FromLong(sts);

2.1.3 EFFIF
[ E AT BT, ARB7 % B R A AR

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

WERAES RN R ARG 2 A5 , Bk [0 NULL GZ{EDZR [P R ATE 1Y eR BT (T A 45 IR 5 0) , Xk
T PyArg_ParseTuple () WEKRF. EHAMRFEL T SEHFAH S D EEHAH conmand,
e MR E I BARA R Z B SCE TR 1 i) A (BAEARHE C i, 28 HE command 24§ 1E b

7/ const char *command).

N—ANEAfE ] UNIX R EE system () , HHAMINSEZNIA M PyArg_ParseTuple () HUH
:

’sts = system (command) ; ‘

T AT spam.system() B 23R [l sts [ {H /E 4 Python XF 4. X il i i FH o& %k
PyLong_FromLong () I,

’return PyLong_FromLong (sts); ‘

FERXFEOLT, SRl REO R, (XX &1k Python Mt BT HE) .

WRARA C BREA A IR IME GRIFl void BYRRED), WIXFR K Python pRELA IR ] None, ARIAZ
XA S YA (W PAEL Py_RETURN_NONE 2 5EH])

Py_INCREF (Py_None) ;
return Py_None;

Py_None »24§7k Python Xf 4 None Xt C £ ¥5. B — I HIER Python XA MAJE NULL 54},
WIAVN,, JGEAERZEE TP ERE “HHR7.

8 Chapter 2. RERE=FTREBT R
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2.1.4 ERFGERNIIGCERL

AT R spam_system () Qg Python F2J7f f. HERELREHA A W] LAY Python i 1, FFZeE X —
ANJ 3¢ method table”

static PyMethodDef SpamMethods[] = {

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

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

RSB =240 (METH_VARARGS ) , XMr&EfaE M C iy RG], Wik{EH METH_VARARGS .
METH_VARARGS | METH_KEYWORDS ., {H 0 f0#ffif] PyArg_ParseTuple () HIMKIHZS &,

R Ml ] METH_VARARGS , BR # & % ff Python %k tuple #% 3Ry 2 4k, I & & il /)
PyArg_ParseTuple () #F7#MT.

METH_KEYWORDS AR AMT B MR C MEHEREA =1 pyobject * W&, &
FEMBE, i PyArg_ParseTupleAndKeywords () RN Z%K.

XTI IRR AL ITRIE LR BT -

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
bi

XA EEF R AL 1 25 AR AR OB A AR AL PR AR WIAR LR B i v 44 8 PyInit_name () , HH name
BT, HNZE SO AR static , HAERIHRICMER:

PyMODINIT_FUNC
PyInit_spam(void)
{

return PyModule_Create (&spammodule) ;

}

¥ PyMODINIT_FUNC $f s $( A PyObject * iR[EIZRA, BB TALA0 V& Br 2K IR SRR 56 4% 7
B, FEERT C++ BFEREGEI S extern "C",

24 Python FEFF IR S A spam fiki}, PyInit_spam () 28 . (4 XA Python B3RS IL T . )
BRI PyModule_Create (), AL IR ABENT S, IR FAEREE L3R B 215 N E R
BN G m A QL (%% 2 —4 PyMethodDef Z5HAM%4H) . PyModule_Create () iR
(8] —ANF 1) BT QIR S (R R A B T R & DR B P T ) R B g 1 P 1k, B AR B TE 3k A o
ﬁngﬁﬁﬁJcHﬂ‘iBlﬁl NULL, ¥J4AAL s R [ G 45 i 3, X REE il ARE A E sys .modules

2 A Python i}, PyInit_spam () REASH AN, BRIEIIE PyImport_Inittab RHE. ZR
T4 iR, [ PyImport_AppendInittab () , A[IERIRE MR A

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

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

Q)

21. £/ C & C++ ¥ & Python 9
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/* Add a built—-in module, before Py_Initialize */

if (PyImport_AppendInittab ("spam", PyInit_spam) == -1) {
fprintf (stderr, "Error: could not extend in-built modules table\n");
exit (1) ;

}

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

/* Initialize the Python interpreter. Required.
If this step fails, it will be a fatal error. */
Py_Initialize();

/* Optionally import the module; alternatively,
import can be deferred until the embedded script
imports it. */
PyObject *pmodule = PyImport_ImportModule ("span");
if (!pmodule) {
PyErr_Print ();
fprintf (stderr, "Error: could not import module 'spam'\n");

PyMem_RawFree (program) ;
return 0O;

HEff: T sys.modules MR SEMAR B S B4 FBOEE] IR RL 2 MRS (SN fork () M
Bl exec () ) RAE—SLy BT B /R4 R . 3 REBTHE AT ATERD SR A N SRR 4 A I 4 HH 2 o

2 e T A B AL B B 11577 Python YRS Modules/xxmodule.c H1, X &8 SCHAT DA FHAEIR
P ARG, BiE 24> . I modulator.py £ & 78 YRS & 4Tk Windows 2225w, AL T — AN fA] B
GUI, ks AR se ol i sk BORIN 5, HLa DAAE BUBEE A AT . IASEE Tools/modulator/ H 5%, %
& README DA T f# ¥

Hfi: AMEEATN spam BT, xxmodule i T % M 47451t (Python3.5 4G5I A), PyInit_spam
2xiR [ —A~ PyModuleDef 514 {4 , K501 @ MBS F AN . 417552 PEP 489 2 B IG 1k -

2.1.5 YmiFFOsksE

EARREE AR S Y R ZHl, VRETEEMM s B Python REEAIFMEER:. W RIREH
AN, X REH A EAE R G SSIMEBYLE 2 EEIES % RIEY R =Y (e
C/C++ Fr e FT), PAMAE Windows FIRiFFRENFIMEE (£ Windows LA C Ao C++ ¥ & F7).

WA BRI E, SCE IO AR VE R Python R —F5r, UG MOBL &I &

HEH R . a7 Unix EARM, HFTREHARM SCH: (spammodule . ¢ SN HCEE MR H 45
PR AT Modules/ HR'F, WI—478] Modules/Setup.local FIRVRIA S

spam spammodule.o ‘

IRJETETIUZ H iz 1T make SR E P EERAS . (R PATE Modules/ 1 H (/] make, {HEIRAAZI
JEEH Makefile UfF, M5z rmake Makefile’ fir-. (YRR Setup SCIFHRT ZEXFEERAE. )

URARI BT BB AR, X LE AT A I AR B SR B, 28 S

10 Chapter 2. RMEAE=KT AR &R
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spam spammodule.o —-1X11

2.1.6 7£ C hifH Python FE#

oAk, FAT—EHACHEE L THE Python ] C e %, HSLGad R ARG M, wiie i C ¥ Python
IZ@I XTE Rl R EC P CHA A WA C O R, 822 S XA [l R .

SEIZHYJZ, Python fReds @ LBy FEMIARY , FF4FRiE Python s EEL AL TARMER . (X LA FRA R
#r Python fURSfE A AR T3, ARA D4HIATAZ% Python/pythonmain. ¢ HfY —c iy Ui, )
1 Python PR%L, 15 5L Python F2)y 2% Python sRECH R . W% fe A~ eR B (alCHHE 1) RSB, 4
P XA BN, 42 R 7e B R A7 Python eRECW R INTRET, BRI (Py_INCREF () RSG5 T4,
BN R RMEAT 2K ER . BIANITE:

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;

}

return result;

A REL U ] METH_VARARGS ARG yEMF 2 MR RERS , XAEAL 3 7 ik A Ao s 10 3 3 BT ik
PyArg_ParseTuple () BREUILSHIN STRYTEIR B ik ey A4k o

Py_XINCREF () fl Py_XDECREF () XAl 8/ g b— % m5 T8, 3 H 24 787E NULL #5841
HJI%TﬁéﬁEiri‘ (=R pEi=vis ﬁ/l\LTjCEPtempﬁT A NULL)., WZAHXAGEES% 5|t F5.

RS, 4B R, RRFHE A C K4k PyObject_CallObject () . ZEREAWNNS4L, l:ﬂ]%[ﬁ
JET¥8%, 51045 Python Xf4:: R Python pR%, MHZHF%. %WJ%M\@TE' ot g, H
KEERISE AR . B S HGIE A Python pR%Y, WG A NULL s{— 25704l B — S50
B, WEA—HICH. Py_Buildvalue () 2FEHAELFEFRET X EFETHHENSZ 15K
ISR [ —AN e 4

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);

21. £/ C & C++ ¥ & Python 11




Extending and Embedding Python, % %5 3.9.12

PyObject_CallObject () & [] Python X} 4 8 4F, X L /2 Python pR % Y 12 I fH.
PyObject_CallObject () & —MX HSH 51 HITHIC X" W 6l 9o g f 1
SR, I HAE PyObject_CallObject () ZJG V. RMi T Py_DECREF () .

PyEval_CallObject () WURIIMEER “F” #Y: B2 DHEINE; WARUANER, H¥nT
SUHITEC FroABRIRIRAEIE S RIRAFAE A R B, ARTF XX AMEE A Py_DECREF (), RIFEARXTHL
T AA (R AR,

HRERX M 8, REER— s B R F{EA & NULL, WSR2 1)E, Python RIS A EIFF A 5H
o WA PyObject_CallObject () W) C LIS E7E Python H ALY, &5V 24 37 BliR o] — 4%
BAASFIH: Python P 1, DATERFREZRAETT ENER I 9(5 ., 83118 75 Python AARS RBAL % S 45 . 40
X TCEME SN AGAT, WY 4@ pyErr_Clear () RIGERFH . Hl0:

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

AT FAR R R R, AR B — DS HE PyEval_CallObject () o fEXEENEILTSEG
e Python FEfFHR LAY, Gl id 32 1ML B [0 R AL, AR AR B SN E e feid . 73 h—LEmp e
VREA i — BT tuple SRAZESHL. RFAATTIAHZ Py_Buildvalue () MAUIE tple. B0, 4%
TR — A FHEXTR I T A

PyObject *arglist;

arglist = Py_BuildvValue (" (1)", eventcode);
result = PyObject_CallObject (my_callback, arglist);
Py_DECREF (arglist);
if (result == NULL)
return NULL; /* Pass error back */
/* Here maybe use the result */
Py_DECREF (result) ;

W% Py_DECREF (arglist) FifEALL BN, TR IR Z Al MR EEE iR,
W Py_Buildvalue () W] AR AR 255,

RIAFERE, HXETFSHIHM pyobiject_Call () , FELIHFWES M T SE. A L5
T, FAEEH Py_Buildvalue () Rtk 7ML,

PyObject *dict;

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

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

2.1.7 R REHHSH

BR¥ PyArg_ParseTuple () HEHIMIR:

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

ZA arg WAR—ICAIN G, B Python #4145 C sEUNS BN format SRR — AT
FiHy, 1R E% Python C/APL T A1 (1) arg-parsing. FIRSHCE AR MhE, KRB GKFHF
ORI o

YL PyArg_ParseTuple () 2AMIfliF5 21 Python 242, AJCIARRIN ek 4 fibiy C ARt , 4n
RIXHEHH T, rTRESTENTFHRINLE AR, /.
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FERATAT ] 2 B2 k) Python XRG4 ka9 515 AZLEBENHIT HTE
— LR BT

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

int ok;
int 1, J;
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, "1lls", &k, &1, &s); /* Two longs and a string */
/* Possible Python call: f(1, 2, 'three') */

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

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) */

I3
{
int left, top, right, bottom, h, v;
ok = PyArg_ParseTuple(args, " ((ii) (ii)) (i1i)",
&left, &top, &right, &bottom, &h, &v);
/* A rectangle and a point */
/* Possible Python call:
£(((0, 0), (400, 300)), (10, 10)) */
3

Py_complex c;

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

/* a complex, also providing a function name for errors */
/* Possible Python call: myfunction (1+23) */

2.1. {#f C & C++ #' & Python
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2.1.8 LY RAMHXBEFSH

PR%Y PyArg_ParseTupleAndKeywords () FEAEHAUNTF:

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

arg 5 format 25 PyArg_ParseTuple () BRI E X—5. kwdict T2 215 R =125 Python
IBATHHE ) R B . kwlist JE S 2 DA NULL 85 B AR 5%, BN RIES: 4FNARS
53k H formar 2585 BAHVCES . AR IATHEN, PyArg_ParseTupleAndKeywords () £k B HH,
TR MR 5 | A — A0 24 1 7

MR BN CAE M T S RN O AR, ANTE kwlist WK KB 7 S8 8L TypeError St

N2 X SEF TR, VE& 2 Geoff Philbrick (phibrick @hks.com):

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

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, 0, NULL} /* sentinel */
bi

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

PyMODINIT_FUNC

(T IgkED)
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(£ L£50)

PyInit_keywdarg (void)
{

return PyModule_Create (&keywdargmodule) ;
}

2.1.9 MWEERIE

X% PyArg_ParseTuple () fRAHL, FEHUIT:

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

B — AT, 5 PyArg_ParseTuple () MIfd], (HESHbie A B bt da4t (i A %5 eR
B, MR . 2GR R —A> Python X4 & Tk [0 C s i 45 Python RS

—A~5 PyArg_ParseTuple () BIARFE, J&TH ] AERT 2Bk R Bl —~ T4l (Python S8 HLIR LA 2
TENTREIA o), o T 45 HoAth Python pEAS 4. Py_BuildvValue () IR EEAERMITAH,
LT 1 ASHE A oTd, MnREa SR None , — S FUNE R FHEZSEIN 5.
SRR HIE N — KBS TH, Sl — e RN Ied, TR A S o R .

BI5 M2, A2 Python {HE54):

Py_Buildvalue("") None
Py_Buildvalue ("i", 123) 123
Py_Buildvalue ("iii", 123, 456, 789) (123, 456, 789)
Py_BuildvValue ("s", "hello") 'hello'
Py_Buildvalue ("y", "hello") b'hello'
Py_Buildvalue ("ss", "hello", "world") ('"hello', 'world')
Py_BuildvValue ("s#", "hello", 4) 'hell'
Py_Buildvalue ("y#", "hello", 4) b'hell'
Py_Buildvalue (" ()") ()
Py_Buildvalue (" (i)", 123) (123,)
Py_Buildvalue (" (ii)", 123, 456) (123, 4506)
Py_Buildvalue (" (i,1)", 123, 456) (123, 456)
Py_Buildvalue("[i,1]", 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))

2.1.10 S|RAE

TE CIC++ 1B 5, FEIy AT sh A B A E i (heap) Y4 NAE. 75 C B, i@t malloc () Fl
free () K5EM. TE C++ HZHAE new Fl delete SRELHMIE KT EE .

FAH malloc () AECHINER, BAHER free () BMF| AN EE 2. MK free () )
RILAER B, AR —DNNFRE T free () WA SENIFE, X H Y FEALERE T 45 0 ik Jo vk B
R . XU P AR . T — N AEEE free () TUAJS, BAM—ANFe4FEVITIE, -0 (6
mall;c() Eﬁ%ﬁ%ﬂ\]ﬁ%%ﬁﬁ*%o XM 2P 64, ZE T RV LA, core dump, #iR4h
F PR A

AT AR S AR A — LU AN WL AR AR i b tn— SRR T INAFRAS , T SR, ARG

RERCNATHL . BAE — LU0 R RO A BT S ot PRI A iR A 1, AR5 i AR R [l 1

XARA T e R AR N AE, Rl E g . XA TR, —B5IA, R AR AT

MEVARGIN Y, B R R A R AR, i B SO AR BRI RN AY, B DA (O KWz

ggﬁﬁ%ﬁﬂﬂﬁﬁ@%&ﬁﬁ KA. I, A 2R e A, G AR LT 2 SRR fre/ MK
Hixo
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Python jiiid malloc () Ml free () W& KRN BCNIRERL, [FIARER TRk A 77 Mt AN BT 44T . bt
BRI 51 R T A, HFPRILR B BRI GRS — TR, TR A S R T T
BCEAEA K, U TR O, FoR M REABAAER LT, MR AMER T

7R B FERen. CA NGRS R S kg, T R2aX By A 30" HPAIX
P E SR B U0 2 PR T ZER I free () o G — M2 dlatd BE s A7 B
SRR FEAME) . B2 R C, A ATRARR) B Sk e, mis] v BOu e AR R AR Y S B (L2
malloc () Ml free () PECERIHIAY, X2 CHpMEHLRED) . WIFAEA —RK 2 MW BAERY A 3 b
Pelulie s, (HAEBCHTFRA L2055 ik TAE.

Python i AL GER05 N VHELSC I, dBARBE TORERIGINAS . LA ING | HIIERR . X5 FoF54H O B
sk BIE TARERT I, RS TR — g . 5 IR AR (RTREEE) HI5IH T4
5, P AEFR AR RIS TG AR 00 SRS T HESE B [l AR 5 | B ER IR &
HCE BRI ARG, WA BCA IR LASNY S T

TR T DRI SR ORI I . g BEHUR B T Ir VEia A IS (collect O B0 , T ELATDL
A BT A RS GRBF PRI 2l 24 JE TVl IR LA, 0 DAZER A5, 45 Unix
T4 ({03 Mac OS X) ffi ] ——without-cycle—gc #i#] configure A, WIS IEFHIN B,
gc BRI T .

Python Shiy5| A4

W% Py_INCREF (x) fll Py_DECREF (x) , S&ACPRS|HAITHUYER . Py_DECREF () HHAYES|HIT
BE K O BPEHO S . H T RIE, HARSHBERA free () , MA@ E M £ 2 2 209 B BES4EF ke
e HTXAEH @A), R ERES— 1810 H SRR 1845

KW A EKIH [l ] Py_INCREF (x) fl Py_DECREF (x) ? AT L5 A—LE. %A N
=R, RATPA I —A 3R B — X . —RERr 5 HECE SCHIA S SR . 51
WAHEASHEVHH Py_DECREF () , #E5| FIRFFRER. 51 HMIIA X R AR L. A =Fapikfit
BEIAWGI I £k, fE6E. JHH Py_DECREF () . &ICALE — M KI5 S SENEIE

SETTLL A2 —AREREE . RS R R BA%RT Py_DECREF () . A0 R RE R A X 4
R IR . LT AL TN 5 0 A P AT AR, 52 A

FE AT 5 B AR AR E R OB ki EAMBSIN, B3, @5 AR TR0 AR Y
PR o A R A — SE R IR A AU _E A5 AT RE TSI & AL B S B X 4R

FEMAT A A5 D, 8] Py_INCREF () . XA EMCLME HIIA ERPRES . X208 —1
BHWATIN, FRTRENIAETUE CHRIAE LA LR ET I, R TR IA EARE) -

HAEAN

B MRG LB IE — R BORT, SRR 1 VA% ds E P KR M2 E S5

RZ B BOR A3 R 5, LB HIA R wE, Pra Qg R m ik, 51
PyLong_FromLong () fl Py_Buildvalue () , &fZEMA XRGHENE . MEEXNRAZHIEN
9, ARUISR AT ABRIF R R EOHT5 1 . — 36812 PyLong_FromLong () 4E4f | —MRATEMIZAF, HA]
PAIR IR E A7 T H B85 1 -

WZ 5 — DR R R R, e EEs X &R, Hlil PyObject_GetAttrString() . iX
Bt AW, — R KRE AP Z 6/ PyTuple_GetItem() , PyList_GetItem() ,
PyDict_GetItem() , PyDict_GetItemString () #RZIREIMICH . HF. FHE SRS .

PR Py Import_AddModule () &R BER G, WA T RES R MIAIEHF X5 XA REE A —A>
ARG XS EAFELE sys .modules B,

Y ARAG XG5 | B — AR B, R R BUR S A0 . WERFREAEE, 6T Py_INCREF ()
AR AT A . XA A EERFISL: PyTuple_SetItem() Ml PyList_SetItem() .
X LE PR B Z AL RIS KX R, MRSk (7 PyDict_SetItem () KHFEIZASHEZTIH X
#, i1 IEFEH).

2ARIE ST — A SRR ERN: IWAH AT KL
SRR D 1 B, SRR S AT DA AR AR, A AT AR S BT«
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YA C R Python P FIIF, 2 IR I 7 R USRS S IH - T EIAXIR IS, BreAE
85 | 2 i T DAPRAUE B R SR 1] o B 05 5 75 B sl s v, il R A 15 L

WL JEH Py_INCREF ()
Python ¥ Fi M C sREGR [ B9 XT 55 | IS U@ 304 5 | --- A & R R EE S 45 R & .

fERSagE K
AOBUAFON, RS AEARTCE, (HAIT RS20, Sl w2 ROy Reas i, Il aE
FEGIRIWAFE AL EXGIH .

e BRI M R OLR (T Py_DECREF () F|—NIERMR, WX XG5 RN H—1 o1k
MIeE . 2SI

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

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

XARECE S —ANE B 1ist (0], SRJEEHR 1ist (1] MM 0 , BJEITEEHMEIH . Bk TLE
IR, HEAARE,

BATREZEHIRAIEA PyList_SetItem() . FIEIAETIH THIA KR, FroAY AR 1 9t 5t
WAL B JE AR R B 1. BIERER I R 1 2 P e RSB, HARBEOXANZRE X T __del ()
Ik MFIXA LT HITER 1, B2 EHERSTHM __del () k.

BESK 2 Python EIf), __del__ () J¥ER PARATAE S Python f0H%. 27 A HETE bug () By item JEIFT]
W, 2. RFFELET bug () ¥ __del () FIEVIE, stal ASAT— MERESEH del
list[0] , R EEE XX EMEIH, SFHEERERNAE, MM item AL,

FRRTTIRR, MARALE TR, RS 1 WG TR IR AR 1 eR AR AT

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) ;
I3

BB . —NHEAA) Python 147 T 3X 4> bug [ARFR, T—28 AFESE T R ERHTE C g
FEFH A4 __del__ () FEELKIK.

KA AN 28 — A L A5 5 | M AL AR AP . %, Python fiRERs B2 AR TLEHE AR 71
B4, PEMAA2RBIRTE Python BRI 23 [A]. HATPAMEH % Py_BEGIN_ALLOW_THREADS Il
FPRERGX AN, BRI Py_END_ALLOW_THREADS . iXifi % HISe#EHZE /O M AN, fifsHAh Lk
FENT DAESETE VO MR AL B . AR, W R RS IR 2 AR A —RERY 1)

void

bug (PyObject *1list)

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

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

NULL {84t

HH, HSZ RGN SR BN A B E AT NULL 48481, I HA IR 2 5 0 (5
TELAG S BUZDRAR) o R B0 35 | T4 e GE 7 A ZHR W] AR T S AR 9] NULL. Al NULL
SR SR RAE T 1 2 R R0 R E AT IR X G A 25 FO A e B - AR A s BRI UL, Fi&
SFEOCA TUAARIN M AR T 8

I IOMEERAE “YRL” FAGI NULL, BPZERRIRE)— ATk NULL pg484F, Bk H malloc () 5§
T ITRET | K S8 1 R R sk o

Py_INCREF () fll Py_DECREF () &% A2 NULL 84 —— (B2, B2 Fh Py_XINCREF () Hl
Py_XDECREF () NG .

T RIRE 2 X R IEBUA 2 (Pytype_Check () Al NULL #8461 — [A R, A K8 AU & L
XA ML — X R AU R BUNE R Z —, XA STTRI. AIFEHAT NULL &
TAEIR

C RO AP 2 PRI 4y C BB SRR BBl args) 4R 204 NULL - SEFR_EE SRR
B h—Aodt.

LA GRS NULL 4541 “WtEE” 45 Python IR &2 AN LAY HE IR -

2111 £ C++ P REY &

SETTAAE Ct FA SRR, FURATREIR. AR LR (Python fIRER) JE M C ik i
BERER), 4 R A X G AR AR R P SR ot 2R R BB S A . b8
2 Python MRRESTAT GE 6L HLH I L B RT) AL ATFWI Y extern "C, T ATE extern "C"
(...} HLALE Python SkSCPENIAR RIFATEE, WA L TH% _ cplusplus NCLZ R4 A
19T (FATBLAL Cr A SR AN ).

2.1.12 59 RIERIR{E C API

MY FEBHRAL T B s B2 Python i, (EAT I REALER LA ARt n] AGCH b AR Rt
Mo B0, — A9 R ] PASZ N2 collection” e L2 WA T . k142 Python 51| F227
?ﬂ%ﬁ{C APT AAVFY A HOR A ZAES 515, IXASHTRY RG] DA — M C BT T 45 Hofth 7 ik
FAEM .

TFIRAR ARG R AT EHE R EFRFEWE static), SAMAZAILICE, AR CAPLISCRY. 5K
P _EAEA 3 RS ORS J A HERE 2 Python fERESR 002 PT ATE R AR . MBER DAL PR RIS, —
AMBLER AR5 SO 7 — MEHOAR T I . AT LGRSO T B R e, — 28 R GEHY Python ffRE SR (4 1)
&Rt 4 25 18] (B4 Windows), A LEMAESER IR &5 20— I EL S ALFS L (T2 AIX), =X
HPRHE TR A RS (A Unix 251). BVERAHS2 4Rl WA, R I ARt ] 6 i A 2k .

A REAE LT BN REXAT S ] WAEMUEAT . X REWRE Y R L BT A S X A static
B RS RI AR (L eR R, RIS S A R di 4 o R (FE B AR 7 ik A A s A B B PR
XEMERT S 1% 4 0 1 A 1 75 2R A A 1

Python 42 fit T —MEF BB HLEI R AL 1% C ZOEE (RED, M— P B 5] —4~: Capsules. —4>
Capsule ;2> Python {#li2k2H, {7744 (void *). Capsule Hfigiiid H C APL KRBT, {H
A PAfR At Python X 5 — e i . H, FRATAIDASEE — A9 Reptiar 24 25 4 5 HAh " A
AT PAF KA, SRBUX A4 FHE, S5\ Capsule ZRIFES .

S AR IHZ WS TR 2052 i, XS HIEAR AL, R TR EZ IR
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Capsule WA Z Fi 7 C APL 59 LI . 44~ %0T DA F © #Y Capsule, (3 BTy C AP 54t
P DA — DB L, Bl PR & 745 Capsule. FEERIRIUGEEH AT DA Z A=K, L& Fomibith
(R

TERARBEFMEATE, IEAi A VR Capsule iy AR L. AL PyCapsule_New () #2524 F5E
% (const char *); RVFREA—A NULL ALK, EHRAGRIBBURIEE AR T
) Capsule $24t T —ER P HIBATIN A 224 A ATATRY DT sUREIX 73 PR fin 44 1Y Capsule.

okt , Capsule T %55 C API, H AW AiZEiGun s :

modulename.attributename

fEFIE % PyCapsule_Import () A PAJT A AGHE T Capsule $4t1Y C API, {{¥E Capsule )44 VLRt
e XAMT A C AP PR T i BE ARG Hf 2 TSk 2 A IE ARG C APL

W0TR B 7R TR R S AL R S B DT IE . TR I L. TP C APT 4
B (GBI 0 78 void R IR, IFETHARAE ) Capsule. W BREEHRK SO L T 250 B
FABBANGI C APL 545 & P b LG 2AE ) C APT i XA~ 7= /]

S AREE I H spam iR, S H —/A a6 T BY%. BREL spam.system () AHFEFM C FHE
B system() , H—PEE PySpam_System () &HTTIA, M4IRPLL S AEL (F 408 in”spam”
FH L), KB PySpam_System () &S H A HANY R,

PR PySpam_System () 244l C AL, M static gl HAbd A0 kE:

static int
PySpam_System (const char *command)
{

return system(command) ;

}

PR spam_system () RN H & ek:

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);

}

BT, FEHATA:

#include <Python.h>

A S PiAT:

#define SPAM _MODULE
#include "spammodule.h"

=

#define A TEHEL R EMAEA S H B, MIARE Pk, 24, BB RILGR LRI 7
WAL C APL 354144

PyMODINIT_FUNC

PyInit_spam(void)

{
PyObject *m;
static void *PySpam API[PySpam API_pointers];
PyObject *c_api_object;

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

VR PySpam_API FHN static ; HAMEHEHSTE PyInit_spam () 45 E1HK!
3 spammodule . h B —H#E TAE, BHERWTFR:

#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 if there's an error.
*/
static int
import_spam(void)
{
PySpam_API = (void **)PyCapsule_Import ("spam._C_API", 0);

Q9]
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return (PySpam_API != NULL) ? 0 : -1;
}

#endif

#ifdef __cplusplus
I3

#endif

#endif /* !defined(Py_SPAMMODULE_H) */

B ) i AL B b Z5THE HC A0 46 Al bR B HL 4 R R ) PR X import _spam () (BCH AR R) A BE 15 17 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;
/* additional initialization can happen here */
return m;

}

RFITIAR ERER AU, U spammodule h il TR, MK, XIHEANE T AR KL, BEARGEH 2 AL
. B DAL B ).
i Jri i 2B R Y 52 Capsule $24I T#ISMYTIRE, T 176 AE Capsule HLAYHEEF (14 A7 70 FEMIREIL

72 % Python/C APl 2% F-JJ} ) Z 75 capsules £ Capsule 1328 (f£ Python VRS & 47611 Include/
pycapsule.h fll Objects/pycapsule.c),

22 HENT REE: HiE

Python 145 C § AL E SCAT PAM Python RS HH RN RB 2, XRQ N ER) st Al 1ist 288,
Efiﬁ?f JEE R AR ER G — M, (HRAEBIT IR 2 1, ERRE TR L2407y . X Se XX~ 3
BN

2.2.1 Kl

CPython JafTIN R it Python XA A 2EAY Pyobject * (785, RIFTA Python Xf 4 iy~ Bfili 844",
PyObject S5MRAR GG TG Mreference count FIRTGI” FEBINF 4" FEBIXF Genfi i f A s 2R 1
WEe (C) p%k, Blan—AEiEdii— 0%, —DHERA, (ESH NS, XL C REIPR
JTRA, ANSRARAREE SUHTR YT R ISAL, FREAESHI RN 4 .
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L custom H,
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#define PY SSIZE_T CLEAN
#include <Python.h>

typedef struct {

PyObject_HEAD

/* Type-specific fields go here. */
} CustomObject;

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

bi

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

bi

PyMODINIT_FUNC
PyInit_custom(wvoid)
{
PyObject *m;
if (PyType_Ready (&CustomType) < 0)
return NULL;

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

Py_INCREF (&CustomType) ;

if (PyModule_AddObject (m, "Custom", (PyObject *) &CustomType) < 0) {
Py_DECREF (&CustomType) ;
Py_DECREF (m) ;
return NULL;

return m;

XER AR ) B, X2 TR E—Eaex e b XA Sof e LT =40
1. Custom ZEAIXT4 object 175 T : CustomObject 454y, X&) Custom SEF4EE—IK .

2. Customtype T4 X2 CustomType G541, HE T —HERR R R EUEET, SIR MR
SR BAE .

3. ¥hEAL custom fEHL: PyInit_custom ERECHIXTN 1) cust ommodule 4EHy{A .,
SR —YU2

typedef struct {
PyObject_HEAD
} CustomObiject;

This is what a Custom object will contain. PyObject_HEAD is mandatory at the start of each object struct and
defines a field called ob_base of type PyObject, containing a pointer to a type object and a reference count (these
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can be accessed using the macros Py_TYPE and Py_REFCNT respectively). The reason for the macro is to abstract
away the layout and to enable additional fields in debug builds.

M FEEAEZ PyObject _HEAD [ A /5. BANSIM T2 FESRIFRIE R H .

WK, XGER THE PyObject _HEAD fEig%d A, iSAEINEE: Hlan, a0 F 5 LT FRUERT Python J7 55
EY8

typedef struct {
PyObject_HEAD
double ob_fval;
} PyFloatObject;

B AL IR B E

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

bi

TEMR: HEE B A0 _E C99 KAk RN IR1L , PAESS BT PyTypeObiect FB, HAMRE ZIRAT
T, AEL AT DAE G K7 BL E W -

1 object .h S XK PyTypeobiect FATHANLSE LB 21 FE. BIAHITELH C b
FRITE, MHIBER AR BRI E TN, BIERSR STl

ek —ua, BR—17FE:

’ PyVarObject_HEAD_INIT (NULL, O0)

X AT R, AR L AN B4R B Y ob_base F B

’.tp_name = "custom.Custom",

AR PR o HF HBAEFRA B XTSRRI SCAZOR L AR, Bl

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

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

Note that the name is a dotted name that includes both the module name and the name of the type within the module.
The module in this case is custom and the type is Cust om, so we set the type name to custom. Custom. Using
the real dotted import path is important to make your type compatible with the pydoc and pickle modules.

.tp_basicsize = sizeof (CustomObject),
.tp_itemsize = 0,

This is so that Python knows how much memory to allocate when creating new Custom instances. tp_itemsize
is only used for variable-sized objects and should otherwise be zero.

{i:fi#: If you want your type to be subclassable from Python, and your type has the same tp_basicsize asits
base type, you may have problems with multiple inheritance. A Python subclass of your type will have to list your
type first in its __bases__, or else it will not be able to call your type’s __new__ () method without getting an

22. HEMT REE: #iE 23



Extending and Embedding Python, % %5 3.9.12

error. You can avoid this problem by ensuring that your type has a larger value for tp_basicsize than its base
type does. Most of the time, this will be true anyway, because either your base type will be ocbject, or else you
will be adding data members to your base type, and therefore increasing its size.

We set the class flags to Py_TPFLAGS_DEFAULT.

.tp_flags = Py_TPFLAGS_DEFAULT,

All types should include this constant in their flags. It enables all of the members defined until at least Python 3.3. If
you need further members, you will need to OR the corresponding flags.

We provide a doc string for the type in tp_doc.

.tp_doc = PyDoc_STR("Custom objects"),

To enable object creation, we have to provide a tp_new handler. This is the equivalent of the Python method
__new__ (), buthas to be specified explicitly. In this case, we can just use the default implementation provided by
the API function PyType_GenericNew ().

’.tp_new = PyType_GenericNew, ‘

Everything else in the file should be familiar, except for some code in PyInit_custom():

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

This initializes the Custom type, filling in a number of members to the appropriate default values, including
ob_type that we initially set to NULL.

Py_INCREF (&CustomType) ;

if (PyModule_AddObject (m, "Custom", (PyObject *) &CustomType) < 0) {
Py_DECREF (&CustomType) ;
Py_DECREF (m) ;
return NULL;

This adds the type to the module dictionary. This allows us to create Cust om instances by calling the Cust om class:

>>> import custom
>>> mycustom = custom.Custom/()

That’s it! All that remains is to build it; put the above code in a file called custom. c and:

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

in a file called setup . py; then typing

$ python setup.py build

at a shell should produce a file custom. so in a subdirectory; move to that directory and fire up Python --- you
should be able to import custom and play around with Custom objects.

RXFFAME, R ?

Of course, the current Custom type is pretty uninteresting. It has no data and doesn’t do anything. It can’t even be
subclassed.

{Ef#:  While this documentation showcases the standard distutils module for building C extensions, it is
recommended in real-world use cases to use the newer and better-maintained set upt ools library. Documentation
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on how to do this is out of scope for this document and can be found in the Python Packaging User’s Guide.

2.2.2 Adding data and methods to the Basic example

Let’s extend the basic example to add some data and methods. Let’s also make the type usable as a base class. We'll
create a new module, custom? that adds these capabilities:

#define PY SSIZE_T CLEAN
#include <Python.h>
#include "structmember.h"

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

} CustomObiject;

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

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

CustomObject *self;

self = (CustomObject *) type->tp_alloc(type, 0);

if (self != NULL) {
self->first = PyUnicode_FromString("");
if (self->first == NULL) {

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

}
return (PyObject *) self;

static int
Custom_init (CustomObject *self, PyObject *args, PyObject *kwds)
{
static char *kwlist[] = {"first", "last", "number", NULL};
PyObject *first = NULL, *last = NULL, *tmp;

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

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

QS
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Py_INCREF (first);
self->first = first;
Py_XDECREF (tmp) ;

}

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

}

return 0;

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

bi

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

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

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

bi

static PyTypeObject CustomType = {
PyVarObject_HEAD_INIT (NULL, O)
.tp_name = "custom2.Custom",
.tp_doc = PyDoc_STR("Custom objects"),
.tp_basicsize = sizeof (CustomObject),
.tp_itemsize = 0,
.tp_flags = Py_TPFLAGS_DEFAULT | Py_TPFLAGS_BASETYPE,
.tp_new = Custom_new,
.tp_init = (initproc) Custom_init,
.tp_dealloc = (destructor) Custom_dealloc,
.tp_members = Custom_members,
.tp_methods = Custom_methods,

bi

static PyModuleDef custommodule = {
PyModuleDef_ HEAD_INIT,
.m_name = "custom2",

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

bi

PyMODINIT_FUNC
PyInit_custom?2 (void)
{
PyObject *m;
if (PyType_Ready (&CustomType) < 0)
return NULL;

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

Py_INCREF (&CustomType) ;

if (PyModule_AddObject (m, "Custom", (PyObject *) &CustomType) < 0) {
Py_DECREF (&CustomType) ;
Py_DECREF (m) ;
return NULL;

return m;

This version of the module has a number of changes.

We've added an extra include:

#include <structmember.h>

This include provides declarations that we use to handle attributes, as described a bit later.

The Custom type now has three data attributes in its C struct, first, last, and number. The first and last variables are
Python strings containing first and last names. The number attribute is a C integer.

The object structure is updated accordingly:

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

} CustomObject;

Because we now have data to manage, we have to be more careful about object allocation and deallocation. At a
minimum, we need a deallocation method:

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

which is assigned to the tp_dealloc member:

.tp_dealloc = (destructor) Custom_dealloc,

This method first clears the reference counts of the two Python attributes. Py_XDECREF () correctly handles the
case where its argument is NULL (which might happen here if tp_new failed midway). It then calls the tp_free
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member of the object’s type (computed by Py_TYPE (self)) to free the object’s memory. Note that the object’s
type might not be CustomType, because the object may be an instance of a subclass.

{Ef#:  The explicit cast to destructor above is needed because we defined Custom_dealloc to take a
CustomObject * argument, but the tp_dealloc function pointer expects to receive a PyObject * argu-
ment. Otherwise, the compiler will emit a warning. This is object-oriented polymorphism, in C!

We want to make sure that the first and last names are initialized to empty strings, so we provide a tp_new imple-
mentation:

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

CustomObject *self;

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

self->first = PyUnicode_FromString("");

if (self->first == NULL) {

Py_DECREF (self);
return NULL;
}
self->last = PyUnicode_FromString("");
if (self->last == NULL) {
Py_DECREF (self);
return NULL;
}
self->number = 0;
3
return (PyObject *) self;

and install it in the t p_new member:

.tp_new = Custom_new,

The tp_new handler is responsible for creating (as opposed to initializing) objects of the type. It is exposed in
Python as the __new__ () method. It is not required to define a tp_new member, and indeed many extension
types will simply reuse PyType_GenericNew () as done in the first version of the Custom type above. In this
case, we use the tp_new handler to initialize the first and 1ast attributes to non-NULL default values.

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

{Ef#: tp_new shouldn’t call tp_init explicitly, as the interpreter will do it itself.

The tp_new implementation calls the tp_alloc slot to allocate memory:

self = (CustomObject *) type->tp_alloc(type, 0);

Since memory allocation may fail, we must check the tp_alloc result against NULL before proceeding.

{Efi#: We didn’t fill the tp_alloc slot ourselves. Rather PyType_Ready () fills it for us by inheriting it from
our base class, which is object by default. Most types use the default allocation strategy.

{Ef#: If you are creating a co-operative tp_new (one that calls a base type’s tp_new or __new___ () ), you
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must not try to determine what method to call using method resolution order at runtime. Always statically determine
what type you are going to call, and call its t p_new directly, or via type—>tp_base->tp_new. If you do not
do this, Python subclasses of your type that also inherit from other Python-defined classes may not work correctly.
(Specifically, you may not be able to create instances of such subclasses without getting a TypeError.)

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

static int
Custom_init (CustomObject *self, PyObject *args, PyObject *kwds)
{
static char *kwlist[] = {"first", "last", "number", NULL};
PyObject *first = NULL, *last = NULL, *tmp;

if (!PyArg_ParseTupleAndKeywords (args, kwds, "|0O0i", kwlist,
sfirst, &last,
&self->number) )
return -1;

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

}

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

}

return O;

by filling the tp_init slot.

.tp_init = (initproc) Custom_init,

The tp_init slot is exposed in Python as the __init__ () method. It is used to initialize an object after it’s
created. Initializers always accept positional and keyword arguments, and they should return either O on success or
-1 on error.

Unlike the t p_new handler, there is no guarantee that t p_init is called at all (for example, the pickle module
by default doesn’t call __init__ () on unpickled instances). It can also be called multiple times. Anyone can
callthe __init__ () method on our objects. For this reason, we have to be extra careful when assigning the new
attribute values. We might be tempted, for example to assign the £irst member like this:

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

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

To be paranoid and protect ourselves against this possibility, we almost always reassign members before decrementing
their reference counts. When don’t we have to do this?

» when we absolutely know that the reference count is greater than 1;
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+ when we know that deallocation of the object' will neither release the GIL nor cause any calls back into our
type’s code;

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

We want to expose our instance variables as attributes. There are a number of ways to do that. The simplest way is
to define member definitions:

static PyMemberDef Custom_members|[] = {
{"first", T_OBJECT_EX, offsetof (CustomObject, first), O,
"first name"},
{"last", T_OBJECT_EX, offsetof (CustomObject, last), O,
"last name"},
{"number", T_INT, offsetof (CustomObject, number), O,
"custom number"},
{NULL} /* Sentinel */
bi

and put the definitions in the t p_members slot:

.tp_members = Custom_members,

Each member definition has a member name, type, offset, access flags and documentation string. See the ;2 7! /2 4
72 section below for details.

A disadvantage of this approach is that it doesn’t provide a way to restrict the types of objects that can be assigned
to the Python attributes. We expect the first and last names to be strings, but any Python objects can be assigned.
Further, the attributes can be deleted, setting the C pointers to NULL. Even though we can make sure the members
are initialized to non-NULL values, the members can be set to NULL if the attributes are deleted.

We define a single method, Custom.name (), that outputs the objects name as the concatenation of the first and
last names.

static PyObject *
Custom_name (CustomObject *self, PyObject *Py_UNUSED (ignored))
{
if (self->first == NULL) {
PyErr_SetString (PyExc_AttributeError, "first");
return NULL;
3
if (self->last == NULL) {
PyErr_SetString (PyExc_AttributeError, "last");
return NULL;
}

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

The method is implemented as a C function that takes a Cust om (or Cust om subclass) instance as the first argument.
Methods always take an instance as the first argument. Methods often take positional and keyword arguments as well,
but in this case we don’t take any and don’t need to accept a positional argument tuple or keyword argument dictionary.
This method is equivalent to the Python method:

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

Note that we have to check for the possibility that our £irst and 1ast members are NULL. This is because they
can be deleted, in which case they are set to NULL. It would be better to prevent deletion of these attributes and to
restrict the attribute values to be strings. We'll see how to do that in the next section.

Now that we’ve defined the method, we need to create an array of method definitions:

! This is true when we know that the object is a basic type, like a string or a float.
2 We relied on this in the t p_dealloc handler in this example, because our type doesn’t support garbage collection.
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static PyMethodDef Custom_methods[] = {
{"name", (PyCFunction) Custom_name, METH_NOARGS,
"Return the name, combining the first and last name"
}I
{NULL} /* Sentinel */
bi

(note that we used the METH_NOARGS flag to indicate that the method is expecting no arguments other than self)

and assign it to the tp_methods slot:

.tp_methods = Custom_methods,

Finally, we’ll make our type usable as a base class for subclassing. We’ve written our methods carefully so far so that
they don’t make any assumptions about the type of the object being created or used, so all we need to do is to add the
Py_TPFLAGS_BASETYPE to our class flag definition:

.tp_flags = Py_TPFLAGS_DEFAULT | Py_TPFLAGS_BASETYPE,

We rename PyInit_custom() to PyInit_custom?2 (), update the module name in the PyModuleDef
struct, and update the full class name in the PyTypeObject struct.

Finally, we update our setup . py file to build the new module:

from distutils.core import setup, Extension
setup (name="custom", version="1.0",
ext_modules=[
Extension("custom", ["custom.c"]),
Extension("custom2", ["custom2.c"]),

1

2.2.3 Providing finer control over data attributes

In this section, we’ll provide finer control over how the first and last attributes are set in the Cust om example.
In the previous version of our module, the instance variables first and last could be set to non-string values or
even deleted. We want to make sure that these attributes always contain strings.

#define PY_SSIZE_T CLEAN
#include <Python.h>
#include "structmember.h"

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

} CustomObject;

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

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

CustomObject *self;

CF o gksr)
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self =
if (self
self->first =
if (self->first NULL) A
Py_DECREF (self);
return NULL;

= NULL) {

}

self->last =

if (self->last NULL) A
Py_DECREF (self);
return NULL;

}
self->number = 0;
}

return (PyObject *) self;

static int
Custom_init (CustomObject *self,
{
static char *kwlist[] =
PyObject *first = NULL, *last =

if

return -1;
if (first) |
tmp = self->first;
Py_INCREF (first);
self->first = first;
Py_DECREF (tmp) ;
3
if (last) {
tmp = self->last;
Py_INCREF (last);
self->last = last;
Py_DECREF (tmp) ;
3

return O;

static PyMemberDef Custom_members]]
{"number", T_INT,
"custom number"},
{NULL} /* Sentinel */

bi

static PyObject *
Custom_getfirst (CustomObject *self,
{

Py_INCREF (self->first);

return self->first;

static int
Custom_setfirst (CustomObject *self,
{

PyObject *tmp;

if (value NULL) A

(CustomObject *) type->tp_alloc(type,

PyUnicode_FromString("");

PyUnicode_FromString("");

PyObject *args,

{"first",
NULL,

(!PyArg_ParseTupleAndKeywords (args,

offsetof (CustomObject,

0);

PyObject *kwds)

"last", "number", NULL};

*tmp;

kwds, "|UUi",
&«first, &last,
&self->number))

kwlist,

= {

number), O,

void *closure)

PyObject *value, wvoid *closure)

QS
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(8L 7))
PyErr_SetString (PyExc_TypeError, "Cannot delete the first attribute");
return -1;
3
if (!PyUnicode_Check (value)) {
PyErr_SetString (PyExc_TypeError,
"The first attribute value must be a string");
return -1;
}
tmp = self->first;
Py_INCREF (value);
self->first = value;
Py_DECREF (tmp) ;
return O;
}
static PyObject *
Custom_getlast (CustomObject *self, wvoid *closure)
{
Py_INCREF (self->last);
return self->last;
3
static int
Custom_setlast (CustomObject *self, PyObject *value, void *closure)
{
PyObject *tmp;
if (value == NULL) {
PyErr_SetString (PyExc_TypeError, "Cannot delete the last attribute");
return -1;
3
if (!PyUnicode_Check (value)) {
PyErr_SetString (PyExc_TypeError,
"The last attribute value must be a string");
return -1;
}
tmp = self->last;
Py_INCREF (value) ;
self->last = value;
Py_DECREF (tmp) ;
return O;
}
static PyGetSetDef Custom_getsetters[] = {
{"first", (getter) Custom_getfirst, (setter) Custom_setfirst,
"first name", NULL},
{"last", (getter) Custom_getlast, (setter) Custom_setlast,
"last name", NULL},
{NULL} /* Sentinel */
bi
static PyObject *
Custom_name (CustomObject *self, PyObject *Py_UNUSED (ignored))
{
return PyUnicode_FromFormat ("$S %S", self->first, self->last);
i
static PyMethodDef Custom_methods[] = {
{"name", (PyCFunction) Custom_name, METH_NOARGS,
"Return the name, combining the first and last name"
}I
{NULL} /* Sentinel */
(N oiakzn)
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bi

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

bi

static PyModuleDef custommodule = {
PyModuleDef_ HEAD_INIT,

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

bi

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

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

Py_INCREF (&CustomType) ;

if (PyModule_AddObject (m, "Custom", (PyObject *) &CustomType) < 0) {
Py_DECREF (&CustomType) ;
Py_DECREF (m) ;
return NULL;

return m;

To provide greater control, over the first and last attributes, we’ll use custom getter and setter functions. Here
are the func