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CHAPTER 2

IS =T THAEY &

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 U, C o C++ P3¢ 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

filE): C ¥ 474 CPython, 3 EBIHICIATE HoAh Python Sl B TAE. fERZEUNILT, WiZiEh5 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 AT BT

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; QX MEHZ FAER K, AN spammi £y, WX MK SO T PAE MY 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 .

ff§([E): BT Python T BEL F X —LLRETE R L R 55 L RS M AR Sk SRR FAL AR 72 S, PR T A 957 AT AT A o
Sz H, AR LR Python . h,

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

JTAAE Python . h HgE LA O] LA 80 A Py 80 PY BIZH, CUFEFRIE S, SO SUROTIRLE R b . 5
FNEFME, T HAE Python fERES th ) 2 M, "Python.h" B & T —2FRHESL UM <stdio.h>,
<string.h>, <errno.h> fll <stdlib.h>, WHRFEILSCHAERI BRSG EATEE, EXRSHEZESEY R
Fmalloc (), free() Ml realloc (),

NN C EREEN YRR, M1 spam. system (string) WEMURIELE, GRAIMESERITEN):

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 PylLong_FromLong (sts);

}

ANEEMESESIRNIE CENPIT, B "1s —1m) FI2fLHE C MBINSHE. C RBE AW
SR, WHA TR self Fl args .

XIFLRGL KK, self ZHERIIBS R ; XTI IE MR [ % G501

args Z4 e 17—~ Python ] tuple XFRAYFEEE, KW S S8, &4 wple XY — MRS XS
Wb 4= ¥ 2 Python X4 — ZAEFATHY C pR B GE BTl 75 2 SeKF H A4y C fE. Python APT H ) bR %Y
PyArg_ParseTuple () SAASHRMIFRIFAN C(H. E M B AT A Bl E T Z ST K
FAARPERAR AR C AE R2RAL. A5 KF RS S LR .

PyArg_ParseTuple () TEFTA SHCHA IEHHZE AL H AL SER 4% WU BCEE AL s ek g Mkl B, R 1 (3

), HAEGATUSEET R (). RSO TH, BabssE S a, (508 & £0] DAFEfFR [
NULL (H5t 2 611 B L)
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2.1.2 Y FHEBASH

7r. Python fR R p A — N EBMBIB]: M — AR BGRAE, E Y Y B R A IR MR UME (GEHA
NULL f841) . S At TReds Nalr S R s A & NULL JORREAERE . A58 42
AR T R CRBME” (B raise B “ASH0) . H =R Python U™ AR B F LT
ARk 9017 L. X =MA8BEJ2 Python ' sys.exc_info () WIGRAE C FRIM ) (11§25 Python ES%
W sys BEHERSY) o TIRENTX T B R 18 0 R R

Python API ff17 S T — L i SR B B S5 B

i % M Bt & PyErr_SetString (). H & %2
PyExc_ZeroDivisionError XFEHTIE L k4. C
FRERX AT ) < B

F— A AP REGE PyErr_SetFromErrno () , (UEZ—PRENE, REHEAEAELRE R errno
W, Bl IR BGE /& PyErr_SetObject () , WEWNSE, B HAEMNEMFEEHIR. RATEEME
 Py_INCREF () I iz 2| HAth sk B S E00 g 5 | 4L

YRATVAE L PyEre_Occurred () fEAIEMBEIARIIGIL TR 2 B BE T 57 H . X RRR IS H R4, 5
BANRARA A IR 8] NULL . AR 5 AT 2R PyErr_Occurred () RAF AU e K4 14
R, POAVRIAZAEMR B A k.

B RS T R g PRI B J o A 1, f B Cak el RME GEFY NULL B -1). B
PR Z AR PyErr_* () BREL - X RO 240 g I 1o f HOR RS A 23k o] — MR SRR R
s eay N, R R PyEre_x (), MKIEHE — BEURAY SR RN IR 2 ol v S A 2 B R R L
AT — HaX MR EIA Python fERESRIT IRER, E L IYHTIATHY Python U234k i i Python
FEFF ST 52 1) S AL PR -

(FEFLERE UL, UBHA SCREAS I I L E PyEre_» (O BN SR B DRI L, I HAEX S
7o AT AKAEY o AEUZ IR A, X R ALY, TR0 R IR (F B 2 REHHRES
iy AR PR D )

AW — SR RO L T i B R, R AP AGE A R PyErr_Clear () B aHIBEH R .
C BB 24 IH ] PyErr_Clear () FIME—IHHL R UNRE AR IR L AR 24 h A Ok E
(MR M, SO R L) .

R RIWH) malloc () HH DA —AF4. malloc () (8 realloc () ) W E£E1H H & LA H
PyErr_NoMemory () iR [IFHREEHER. Ira X502 KA (Fl40 PyLong_FromLong () ) ELXAM T,
B DA AR A T H A malloc () WITEHL.

HEERER)E, BT PyArg_ParseTuple () SFEEABISL, 1 [ BEHCRAHD Y ek LI0E H AT i 1 0] (L
LARFORINT, MPA -1 FoRKM, nfF] Unix RGEHR—F.

B, MARIR P — AR R A B B B L IR B RE S8 # 4 R AT Py_XDECREF () 3§
Py_DECREF () JEH)!

Pe G| Wb A S8 sE B T AR B 4. BT A5 N E Y Python S7 # A X B [ WA B C XF 4, il
PyExc_ZeroDivisionError, WRA[PAE B E 1. 2448, KM Y0 Mok B 5 — A ZA
PyExc_TypeError JFER— XM TEIEBAT I G KRN % ] PyExc_IOError), WIRSHFIEA N
#i, PyArg_ParseTuple () HREUAH 25| K PyExc_TypeError. WRARME—ANSE LA THE
OBl 2 PN B DA JE HeAt 2544, & B ] PyExc_ValueError,

PRALAT AR AR AR SN ME— B o o 75 AR SCPR AR A B — N sx e, n:

FHEXNZMC FRB, RENR - KZR]
TR R, I8 — A Python ¥

static PyObject *SpamError;

H HAEVRI BRI AR LR 2 (Py Init_spam () HEEH— N wa g gIh fe:

2.1. U C 5 C++ #; 3¢ Python 7
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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;

HE RN Python 452 spam.error . Il PyErr_NewException () BRE] PAGIE—ZE, HEZE
b Exception (RIER S — 2L APAEH NULL ), 4772 I bltin-exceptions .

[ REE R 2 QIR RAT T spamError (— A5 XA TR - N T B LBk i, 75 0] spamError
By 2 I B 1T

—21 e PyMODINIT_FUNC W%@i&i}iﬁl%ﬂ%ﬂ%&o
spam.error S I DAFEY A il it PyErr_SetString () BREGHM, WT:

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 %51
I 2 B R0 T, A% T T e A

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

WARAESHBN R PRI 508, ERFIRB] NULL G (R IR [0 G4 604 o8 R0 () 9 Bt ), IOk T
PyArg_ParseTuple () WEMFH . EHAMN I TSEN TR E2PHE N F /AR command. X2
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—MEFIR(EH HARAR AR SCE B 1 i 747 H (HBAEpRfE C o, A command B 24 97 IR iAo

const char *command),

T—ANEA ] UNIX 2GR system () , HZiBBMKSEZN AN PyArg_ParseTuple () HUH:

’sts = system (command) ;

AW spam. system () RELARI] sts FIELEH Python XF4: . il i f# H %X PyLong_FromLong ()
HeSL

’return PyLong_FromLong (sts);

FEXAEOLT , SR — RO R , (XG5 AAE Python HERLEH) .

WRARE C BREA A AR IEME GRIE void RYRRED, WIXTA K Python BRECUNIIIR M None, R
XAERE (AT PAELT Py _RETURN_NONE ZZKSCHE) -

Py_INCREF (Py_None) ;
return Py_None;

Py_None &k Python X} 4 None Xt C K. B2 —A~EIEM Python X4 i A& NULL $5%F, K
T, EEERZH T PR EWE “HR7.

2.1.4 B IjikFMoia b s

W TR spam_system () AT Python FFIH . ALSEAGSWIATIAR Python J, F%5Es XA
¥:2¢”method table” ,

static PyMethodDef SpamMethods[] = {

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

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

HEFE=ASH (METH_VARARGS ) , XMrifgE @A C MBI 6. W 3E(HFf METH_VARARGS
METH_VARARGS | METH_KEYWORDS ., {H 0 fUZFffif]l PyArg_ParseTuple () HIEIHZ&E.

SR M fi ] METH_VARARGS , BR (& % i Python f& % wple #% X 2 %, H R A MEN
PyArg_ParseTuple () #F7M#T.

METH_KEYWORDS {H#E/REZ KBTS XMIHILT C MEHERZH =4 Pyobject * XR, FRF
WS, il PyArg_ParseTupleAndKeywords () RMEMTH S4.

AT IRR AL ITRIE LRSI -

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

XA R 125 AR RR RS BRI UG AL PR AL WU B R A6y %4 Py Init_name () , HA name /2
BRI T, HFi%E SO TE static , HAEBBHOCIRHL:

2.1. U C 5 C++ #; 3¢ Python 9
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PyMODINIT_FUNC
PyInit_spam(void)
{

return PyModule_Create (&spammodule) ;

}

#= PyMODINIT_FUNC ¥ s 87y PyObject * iR [EEA, 75 T AT~ & B SR i Rr Sk s 5 R
HERR C++ KR BRI extern "C",

24 Python T IR S A spam B, PyInit_spam () A . (G X FA Python (EERBES LR C.) B
P A PyModule_Create (), ZEREISIR A —AMBIHNT G, I E T AR E SO 30 ) 05 P R B00T
SARAZF Q@M (%R &1 PyMethodDef Z5HKH4I4H ) . PyModule_Create () i&[H]—4-4f
)& P A @ BT S 55T . ' RT BE < DR R /™ R S e v 1k, BUCE TR IO Wl G AL i [m]
NULL. HJIAMEREOLAGR IR R A HA A, X PAgHE A% sys.modules Hi,

ik A Python i}, PyInit_spam () REASHHIEA, BRIERAE PyImport_Inittab FH ., BRI
HEIEEE, i PyImport_AppendInittab () , WEAYIRE BT 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);

/* 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 ("spam");
if (!pmodule) {
PyErr_Print ();
fprintf (stderr, "Error: could not import module 'spam'\n");

PyMem_RawFree (program) ;
return O;

fil: N sys.modules MRSLAB T C gniF Btk s] — bR By 2 MRS (S fork ) M

10 Chapter 2. A% —Ji THAIED
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exec () ) XA LLY B BT IR . PR AT ATERI IR (0 YRR 45 A I 4

B2 R TR B2 Bt & e Python Y 1A Modules/xxmodule. c Ht, EXLEICIFN] AIIAEARAGL
A, BiEaE~] . A modulator.py 5 YEYEAS A4 THE Windows 223, ML T MR HLEY GUL, JIok
P S R RIS &R, HAT AR IS AR . B4R 7E Tools/modulator/ H 5%, £ README A
TIRARE

i) AEFRATY spam B F, xxmodule T % i an4s 1L (Python3.5 JFHA5IA), PyInit_spam &R
[n]—~ PyModuleDef £54{4& , SR )5 BIB R HUE] 5 AMLE] . 052% PEP 489 £ M Biwl iRk .

2.1.5 Gk HIuE:

TEARREM VRIS I FEZ B, ARIETHEMCEF : (1 Python RGORARIFMBER: . WAAREH Sh N
B, X TARE A B RS S MEBNLE E2E B W SHmFEY RN (2 OC++ Ik
EAT), PARAE Windows 4 BRYBIIMEE (& Windows F & thi¥ C Ao C++ Ik BH).

WERARA B s AR B RLHOR AL Python EREEH—F5Y , EALAIE e i B i, 1

T RS . s ETE Unix BRI, HFRZHARA S ( spammodule . ¢ R Bl BOTEME 40 RS &1 T
i Modules/ HEFR, BIl—478| Modules/Setup.local FRGEBIRE A

spam spammodule.o

IRJETETIZ H 3KI21T make SREHM ARG . IRWATLATE Modules/ 1 H {1 make, HZ{RULZISEH
# Makefile fF, )5z make Makefile’ fir%-. (VBB Setup SR BEXFEERAE. )

SRR BT BB A, X LEA AT A I AR B SR L, 285

’spam spammodule.o —-1X11

2.1.6 1t C vpifi}l] Python pfi%k

145Nk, Blil—HIBERE 14Tk Python A C ph%k, HLRIRMMBA M, /2 H C A Python pg
Bl XAERIERBCPCHA . WA CE ORI, B2 E S B A B RS

SEiaf)SE, Python fRRERSE LB (R RIVHAY, I 4RUE Python BREGRAL THRMER: O . GX A BRI AT
Python EAFERAE N AR 20, RA 48R P22 Python/pythonmain. ¢ Hff) —c 5. )

Y H Python pREAR 5L, 75 5C Python F2 /7 BL% i Python pRELNT S . ML AL A (Bl Rz 1) RS2 8.
LU XA R, 4R B ARAT Python pRECH S AUF5%T, HZH A (Py_INCREF ()) RHm51 Hit4k,
VRN R BN AXR. 2840, WFRET R R e ) —B4)

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");

(T IUakss)

2.1. U C 5 C++ #; 3¢ Python 11
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(R —H)

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;

}

XA bR Kb 0l METH_VARARGS A5 i {1 M B fE RE 2, X AEAL 3k 75 ik R Fo s 1 3 3 BT & iR,
PyArg_ParseTuple () RELILSEUN SURYTEIR U e R 2oy A4 o

Py_XINCREF () fll Py_XDECREF () X A% a8 /80— A 5 4L, I B 2407 NULL F84F i)
AT IE Ze 4 ((HAEEE e XA LR SCH temp B ASH NULL). B ZH 05 iS5 7| A H 4 =45,

BiIS, 428 IR AT, RRFI A C %k PyObject_CallObject (). ZREAW NS5, EN#EET
S, $8M4ER Python X4 : R Python pR%l, MHEHSHF|FK. SHINFELT EZ—ADT0AEHNNS, HEKER
BRI ECR . BN SEO0IE T Python s%, W& A NULL B{—A2s el B —S50HM e, WEA
—ANRITH ., Py_Buildvalue () 7EHAE X FERFBHE G X RFE S M EA 82 A& A R [ — A4
JCH. Bidn:

int arg;
PyObject *arglist;
PyObject *result;

arg = 123;

/* Time to call the callback */

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

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

PyObject_CallObject () i& [ Python Xf % $§ 4, X L /2Z Python & %0 89 & [0 {H.
PyObject_CallObject () & — X HBH 51 it L X" B HlFHHm cde) gl T3
iy, I HAE pyObject_CallObject () ZJG . Rl T Py_DECREF () .

PyEval CallObject () MBRIHME “Fi” 0 BAR—AHHMMS: HARTAMR, MM T3]
FIVHEL BROARRAR RS SRR 2 Bl ik BERHSAME ] Py_DECRER (), EefAcRt LAY By
2 (D) PG,

ERAERIX 2 fi, AR BTN — SR AR AE A E NULL, Q2 AIE, Python LS L5 & S
W JHH PyObject_CallObject () [ CAUIE7E Python A i ), B M 24 57 R o] — MRS ik 45
HIH: Python W I35, PATHEARREZRAEFT ENAR IA{5 B, s iLVE A J7 Python A REALBIZ R . WX TCHE
MRS GATE, WY 2S48 H pyErr_Clear () KiEMRFH . Bl

if (result == NULL)

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

BT B AR A, RS BRI SHBIER S| PyEval_CallObject () o fERLEEIL TSR RE
H1 Python R P4 bRy, T8I 1 P02 2 IE B BN R o X FEREAT ARSI AU e i . 73 Sh— LU e {2
H 3 — A TR AL SR W A2 Py_Buildvalue () BREUWIE tuple. 261, IREAE
AR Al DA A AR A

12 Chapter 2. A% —Ji THAIED
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PyObject *arglist;

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

VER Py_DECREF (arglist) FRfEALS L HIEA, FEESIREEZ Bl BAREHE SN ER, i
Py_Buildvalue () ﬂﬁ%%ﬁi@ﬁﬂﬁf&##o

ARTE R BT IR TR B, RS HAA PyObject_Call () , RELFFFESHM S HTESE. A
i BB, ?iaﬂ]ﬁﬁﬁ Py_BuildValue () Rtk =F i,

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 RENY e BIIS

K% PyArg_ParseTuple () WU :

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

ZH arg AR ICHRX R, A Python fZi64y C AN SHINK . format ZALUI 2 — X TAT
H, AT 5% Python C/APL F-J} 1] arg-parsing. ’TJ%?%&CE%/I\’* AL, KA ek AT

JI PyArg_ParseTuple () £kl 75221 Python SRR, AJGyEAG AL R 45 flly) C A8 bl , fnif
itﬂ%ﬂT, Tﬁﬁ%fmﬁqﬂ%m'ﬁAfF@, Iy

FERAT A A 22 B2 LAY Python XG5 A 15 k0951 AZLEBE AT T
— R BT

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

int ok;

int 1, 3;

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!') */

2.1. U C 5§ C++ 3 Python 13
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ok = PyArg_ParseTuple(args, "11ls", ¢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) */

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 P R B CHE P B

K% PyArg_ParseTupleAndKeywords () mHEILITF:

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

arg 5 format JE% 5 pyArg_ParseTuple () MEUITE LH—8. kwdict TEZ2AE N5 =S5 Python i
TR X F i, kwlist JE2 )2 DA NULL 5 BP0, ERRIRIRES: AN AEEL 5%
H format W ZEAAE EAMICHL . QRHATIE, PyArg_ParseTupleAndKeywords () £ik[EE(E, HNR
WERAE 5| K18 M4 A3

f(E: i E R ST R AT SR TR, ATE kwlist PR TF S HL T3 TypeError .

AR B2 KT SR B TR, 3252 Geoff Philbrick (philbrick @hks.com):
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#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
PyInit_keywdarg (void)

{
return PyModule_Create (&keywdargmodule) ;
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2.1.9 KAt

XANRES PyArg_ParseTuple () RAAMRL, AEIUIT:

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

R — KA, 5 PyArg_ParseTuple () M, [FUEZSELnAie s As i 5 51 G A28 s 8L
AR ) . AR 9] —> Python X RIE &1k 8] C ek & ] 45 Python fUH5.

—A~5 PyArg_ParseTuple () MIARFEE, JETH AT HERE ZHE KR B —A~T04] (Python 4 BLR L EEAE N
TR TCA), A T A% 45 oAt Python BREPASEL. Py_BuildvValue () JFARERAEBITH, HEZT
1 MEX ARSI, AR FEAF S 2 MR ] None , — DS B H2R F1Z S EW X 5 .
R SRR A BN 0 o, s — A e T, FEEAFAR R LS.

Bl CZeM2RA, A2 Python {HE52):

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

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

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

2.1.10 5%

TE C/IC++ BT, BT R TT8h A/ Bo A RSO heap 24 NAE. 75 C B, it % malloc () fil free ()
K. FE C++ HLZHAE new fil delete SRSCHUFFAYTIRE

4~ malloc () HMECNAEEL, RZAHEER free () BEIFI T H MR Z . WM free () ML
PEREE, WERANFRIET free O WS SEATAIE, X ATAAERRF AR AP ICEEOR AN - X
P AR o AR (] — A7 free () TG, 3 5h—IMEE-FRVI, MR A malloc ) &1
RRNFF B XM 57454t R TR ROIIAICHIEAE, core dump, HFERESH, FHRLAYATISE .

AR EE A K AR A — S8 TR AN DR AU R A LIl FEan— DR T INAFRAS, T 283108, RIS REIL
AT, BUAE— SO0 R AR 15 2l T RS T SR I A I A B2 0, ARSI B R BGR ] 1 IR

SACAEIR BRI A, Feabe s s g A . XA TR, — BEIA, R AR IR E DA 2]
R AR SRR, T BRI SO AR EOR I REA AT, B ARG (AR KU A st S8 D it s
BRBN A AR L, AR A, e AURS LT SR R/ M 2 B iR

Python jfiid malloc () Al free () W& KA NAFDECARERL, [FFRSS 200 NTF eI E F 6. it
WA 51 R T dc. R LRI BRI S — TR, TR RIS I 0 R G | SR
K, M5 HTTECH 0 I, FoRMRELBAFAERE LT, MEt ] AMER T .

Fi— IR A FH e, CHING T BB PR MR Bl B okng , TR L™ 52l A PAR D Pi#).
Bl b7 3% S O 502 PSR E IR free () o (5 —MEAURSCEE S N/, SATMX I
AXE). SRR C, B RS ARRY B SR g, 51 B R AR AR S (R % malloc () M
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free () MAUEF R, XMZ CARMEHERAD. WIFVEH —Ra MBI A SR mRs, (BAE
HIRATA G T TR T A

Python (i IEGERYT VT RS BL, WOt TORBRIEINGS . DA S R AGER . X (501 Jo s 1H0 Ea% kA
AR TORERG U, 5 VPRI — 5 . SIIRIE N G (TREE ) 09511 TAS, FrPA
DEEA P AR XTS5 TG A 2 0. SR A5 T ECE TR R e T 5 DR FR P BIXT R, BB WA ER
PG URBIXEER, RGBS TRERASMY S T .

PEPRGEI 25 PT ARSI Br R AGER I B . go BRI T A Rs 78RR (collect () BED , T H W PAYEE
ATHIHECE 2R RIS . TEIRIAR AR i, BOARE S, Wr ATEM @R 2E R, #E Unix -5 (2
$E Mac OS X) ffi il ——without-cycle-gc 3% configure A, TSGR EIMEBZER, gc Bt
AT .

Python by 514

A W% Py_INCREF (x) #l Py_DECREF ( Miélﬂﬂfréﬁzﬂﬁi*m Py_DECREF () W&7E5| T4
ik O BPRETION 4 ﬁTi{% HA AET%U“]H% free( N ipssiEupoE i Sty %B@@ﬂﬁﬁﬂéﬂ%ﬂio KT
AN H A (AR, B S A — A5 1 B Ex*éﬂﬁ%@ a4t

TR BRI - i Py_INCREF (x) fil Py_DECREF (x) ? ATHCHIA—LME. AN #HE7
— X5, K] M%ﬁ#\%l)ﬂﬁh/\ﬁ% ~/\5<T%E’Jé'lﬂﬂw+§&m>4ﬁ¢ﬂiﬁé'lﬂ%Eﬁéﬁzg S HIAEE
HIALIMM Py_DECREF () , TE5|HIATFRER . 5] A X R AR . A =FIpER b S A 15|
Ji s G < N i Py_DECREF<> o It E—MHATG I H S SENF

EFDA A5 —AWRE I S5 AR R%E N Py_DECREF () o i HIFF AR RERFA X G it
PO A I IR] o AEHHA A B G A5 05 | A R, 58 Ak i

AR5 A A2 AR R O B A kA BRSNS, s8I, a5 AR IO 0 A7 O 4 K
Wr. 5 E‘J@%)ﬁ%~%§iﬁ_ﬂéfﬁﬁﬁﬂLEMHH%EIﬁE%T CiEEE PN EE LI EPUE S

RV APA S, I Py_INCREF () . X ARXPIHT 26 M A & ARG, X o@D
WHIAESIN, T eanila & e (%ﬁé’ﬂ?)ﬁﬁ%ﬁﬁ T BE U, R R IIA E A .

AL

B RGBT — R BORT,  sRRO I 1 VA% ds E A KRB R a5

K 2% Kok BR[| — A 4151 H, #1’? SlHPAH XR. @HE, A B Z R A, Bl
PyLong_FromLong () fl Py_Buildvalue () , &fE#BHH X RLHEIWE . BHEEXNEAREEHT,
1'/J\1)572§EI%39?T%X¢%B"J%?§IH§D — AL 2 Pylong FromLong () 4P T —ANRATERIZELE, HT LR
BRI H B -

W Hm PR ERBT R R, WLy X R, fli PyObject_GetAttrString() . iX
BN G W, — A8 K BB 2 B 488 PyTuple_GetItem() , PyList_GetItem() ,
PyDict_GetItem() , PyDict_GetItemString () ZREIRMIMICHL. FE. FH B EHE]H.

PR%L PyImport_AddModule () &R EME RS, WA RES IR FEIER XS XA AT R8I — 4
BRGNS RAAAETE sys .modules HL,

RGN Z G R AR B, GEE RS B R TF R, S Py_INCREF () 3k
AR ST A . XA A EZE G HI S PyTuple_SetItem() fl PyList_SetItem() . X4
PREIEZ LRSI X R, WS R (5 pyDict_SetItem () RHEFEASERZTIHXER, ]
2 IEFR).

2 RIB (R AN R RS AL : S TAA S I L.

S pan | HHEE A | B, BT B DA O 2R I L, 4 T AR LAt 5 B A
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Y~ C e Hiwt Python I, S MR T RIS EAE R G AEIAXRNTIA, oA mms]
A A= fis JET T AT AGRAIE S R Sl 1] o US55 | 76 AT R s Ay, s SOOI 95 N, did i

H Py_INCREF () ,

Python i ]\ C eREGR [0l (XS 525 | T Ik Z@40A 195 | 304 K R BN R BUL i 25 R o

fE R vk
AORILT, BHGINAERRICE, HAN SRR, Xl F oy R, Il sE
FHIIA F AL EX AT

BT B HNE R DL ] Py_DECREF () B AMJERXG, M AXE G5 B — oI
o B

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

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

XA REE SEfE A5 H 1ist (0], SR8 1ist (1] MH 0, BJEITaMEAMEIH. BREILER
e, (HAANE.

HATRELHIRIEA PyList_setItem() o FIFINAETIHN THEIA WA, BroAX0 | PO, pia
AL BRI 1o BAEIRBLEOR AR 1 o2 ) SORSEBl, HARBGX AN EE LT __del () Jiik.
WA RSB T T O 1, A ESER AT __del O Jrik.

WESAJ2 Python 5y, __del_ () JiIARASAATAERE Python {URY. R FIHELE bug () By item K IET|HIE,
. BBANFELES] bug () 2 _del () TIEFIN, AT PAPAT — M IEA)REEL del 1ist (0],
IR BB G RX RGN, S BRI ATr, IS item JTE5fk.

ORI, MARALE TR, A5 1 IR TR IERR AR i 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

RN EER . —NHBUAR) Python 185 7iX A~ bug (YAER, il —LL AFEE T KR E)1E C #idds b
BTN 4 __del () TELEM.

A ) R ) A R A T S L SRR A B, @7, Python R B2 AR AR TLIEHE A )y I B%
7, FAEAERBRTE Python #ANXT 425 10] . (HA A % Py_BEGIN_ALLOW_THREADS Il REHL
XA, FHIREUIH Py_END_ALLOW_THREADS . I3 %% B 2476 [H 22 VO VR A1, (5 HAh LR AR Al DAYESS:
5 VO el FALFESS . AR, Q0N RS IR BN —REAY ) A

void
bug (PyObject *1list)
{

(Rt
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(R —H)

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 #%t

HH, BRGNS EA KB A BARME L EAT NULL 5851, I FS IR 2 8 0 (BE
PGB DR ) o SRIFD0 G5 | Y R 4GH 3 AR A AR T S8 I 43R [B] NULL, Al NULL 24501
J PRI T 1 6 bR R R DR E AT T T M R G A 45 LA PR 5 - AR e BT AS I NULL, R 2 S EORE )
TUAAGI T AR IZ AT E G20

HFRMEAROUE “PRK" AR NULL, BIFERCE] — AT HEN NULL i945EE, BIAIKHE malloc () B
—ANATRES | A5 Y pR RO I %

Py_INCREF () Ml Py_DECREF () & H ALK NULL #541 — (B2, A2 M Py_XINCREF () Fl
Py_XDECREF () <A .

HATRRFER R I (Pytype_Check () Ao NULL $54F — [k, A KGR 2 ESE X
BLANMAL— DX R R UM R I 2 —, XA TR AFFAENA NULL A S (A

C @ﬁgﬁ%*ﬂ%ﬂ%ﬁiﬂ??ﬁ C MBS AP args) A2 NULL - Sibr EE S RUEHEE I —
A4

LA BERS NULL 4541 “JHtEE” 43 Python JiJ R i2 1™ EAYHE IR -

2.1.11 £ C++ P45y g

AT PATE C+ g B JAsie, FURA BER] . 4028 A% 7 (Python fRERR) 26 C Gk ae e g 1A k4%
1, R SR S SR A BB o AR Ct it R BEB AR XN AL BR &2 9 Python
AR BV GRS SR B BRI I AL B B IS BN extern "C" . TIETRAE extern "C" {...} HEH
Python SKSCPENIAE IR AL, PEAIIRE L THFS __cplusplus MEZGEX AR T (FrA B C++
F AR 2 XA

2.1.12 4P B C API

R AR B T 3H7 Y pR BRI S L Python (], (EAT I RSt HL A4 AU TS AR PT ARSCHLA ™ RS il )
BN, — R R] PASE I — A2 collection” F R A2 B T HY . 42 Python 51| RKA, 4 C
AP AAVFY A HOR QM ZAES 5132, XA HHYAR G IR DU — i C e U T4 At i R L G

TFIRARRAMRE R AFEEERE Cof Al static), FRIHAHISSCHE, AR CAPTISCR ., Lbx
AR IR HRS J i S R £ Python AR SRS (U2 W] AR TARMY . RIS AIE e gefiemy, — M
B AT RE SO — AR UL . ] DL A0 (R THE R S8, — L8 RGN Python M REAR (1 1] 42 Ry
Az ) (10 Windows), A SEMIAEFERIN R B — DI C S AR S IR (— DM T2 AIX), stk
AN TF] SHEm (4 Unix Z851). BIERAT S 24 mml WA, R EEE RO BEH n] B v A 2K

] FEAEE T B RENS AT Al WL MU T AT R . XGRS B T A5 #R I I Il static , BRT
BRI IR R, Al S 5 HA Y AR 1 i 44 ph 98 (FEBE AL 7 5 A s 1L 4 FRhig) o X
HFATT NI oL IR AL HoA 5 H 7 FOR PEH Ay AR 517

4 MAREEA IR RS TR 295 i, XS IEAR B, R RIAAEE TR IR T
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Python F2fit T —MRFHIRHLEIR AL 2 C FUlfE & (685D, M— 9 R 7 —4>: Capsules, —> Capsule
5&—> Python Hi AL, S R-AFHRET (void * ). Capsule HAgE I C APL KA EFIVIH, (HR] AR IAL
Python X R—FEf ik, @l#, AT LASRE M Ry & 2B 4 7 o HoAh g B T AT A
B, SRPOXAAFIE, S5 Capsule ZREUEE

Capsule W[ DA ZF005 i C APL 454 Rtk . SR 0T A B 2 Capsule, 53 T4 C APL 5T DA
FERHAE— R L, B T A1 4 Capsule., AFAHAIERIUR BT A 2R3, U8 Pomisibe il

TERAREFEMR ATk, IEHIHUA IR Capsule iy 4 F R 2. AL PyCapsule_New () % DA FKIE
Z (const char *); SUVFRME A—AS NULL M4 FR, (HIRATSRAVEBRSE E — 4Pk IERb a2 1
Capsule fflt | —E e/ F B TR G 45 A WIATHY DT SUBE IR 70 PSR fir 44 1Y Capsule.,

WHKYL, Capsule JI] T555 C API, HoA 7 WAREERUIH ML :

modulename.attributename

A %L PyCapsule_Import () W A2 A Capsule $2{5f) C API, {{¥E Capsule {44 F-VERCHT .
XAT AR C APL ] FHRAE T 8 B 2 MR A IE R C AP

R Bl R TR AR A il T IR EE 1 T3, TR R R . AP PT A C AP 5%t
BlF BIUH—) £ void feEHAYRAL R, H-OH(EASS Capsule. X W IREHCK SCPHR L T 244 BT AR
BANZRE C APL 54T & i U BT C APT AR X4~ 75 R el

S HEEEHUE N H spam BB, SRE AR08 T Biig. RE spam.system () A EIZWHA C FEREL
system() , (H— ¥ PySpam_System () & BTV, MIRILI & E A ZL 2 (F1 W1 spam™ F|4&EA4>
). B PySpam_System () &5 H 24 HAhy b,

PR PySpam_System () &4l C lREL, P static gifg KA HRFE:

static int
PySpam_System(const char *command)
{

return system(command) ;

}

PRI spam_system () MR B

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);

}

FEBEHRIT K, FE AT

#include <Python.h>

B SR

#define SPAM _MODULE
#include "spammodule.h"

#define HT &AL R EASH FHEL, MARE Fumbib, K2, BHPIIEL R EUL I 75T
WIHEAL C API 3841541
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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)
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;

"
1T

PySpam_API HHIN static ; IAMEHBLSTE PyInit_spam () S5 J5iH 4!

St spammodule . h BR—He TAE, HEZUT Frn:

#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 \

CFoiaks:)
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(R —H)

(* (PySpam_System_ RETURN (*)PySpam_System PROTO) PySpam API[PySpam_System NUM])

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

static int

import_spam(void)

{

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 B 0 A H W) 46 A R K B 4% G U8 T BR & import_spam () (& ) A BE U5 ) B £L
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;

}

RAPIAM EEERR, SUMF spammodule . h i FAL. B, WHREELTHAREL, FEAGTHZALIL,
JIr AR B2 2] — 1K

a2 Capsule $2 (it THSMYTIRE, H TAFMEFE Capsule B P55 I NAE D BLFRERL. 41575 %
Python/C API 2% F- 2 capsules F1 Capsule f3E3H (£F Python JEf% K fT4IH) Include/pycapsule.h
Hl Objects/pycapsule.c).

E
2.2 [ LRI Fit

Python fL¥F 45 C 4" EALHE Cn] PAM Python OB BEANAHI R, SXARMRINER) str Ml 1ist R, Jif
AP R R ARRLG — M, (HRERTT IR, R 2 T Leaiy . X0y SO X XA AN 4
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2.2.1 JEal

CPython 347 I § B4y Python X RAML K KA Pyobject* Az f, R4 Python Xf R Y7 HAh 2",
PyObject FEMJIRA LI TR R W reference count FIXFRIY” AN 427, RN G 5 AR b ot 0] 11 WA
$8(O) %L, Bln— B — DR, IR, SEE SR AR AN XL C AR (2
Eilly7R7. N

BrEA, BRARAHEEE SO R, T2 QR iR 42

XA R BTk, X BN — A/ IMEESE R RO, 5 ST TSR Custom 7 C 7 AR

custom B,

) X BRI TR E X static R LS 071k, PTPAIE & K 8. C APLWn] DASE X AEHE |
SRR RERAL, i PyType_FromSpec () BREL, HAEARATTEITE.

#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, O0)
.tp_name = "custom.Custom",
.tp_doc = "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(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;

(N IUERED)
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(R —H)

}

return m;

}

KRR Gy H, X2 TR E—FERei e o XA Sefe LT =R
1. Custom ZEHIXT4 object f1 5 T : CustomObject 454, X2 MAE] Custom SEF AR —IK .

2. Customtype (4728 iXJ& CustomType 454, HE TR MR BUREr, S mfgReds 215
SRAHERAE.

3. #E4L custom fEHL: PyInit_custom ERECHINT N H) custommodule SEH{A .
SN —PU2

typedef struct {
PyObject_HEAD
} CustomObiject;

KA E XL E ). PyObject HEAD &5 il BRI AERE AN X R &5 IR 2 Fif, F PAE L
— /AN PyObject T B ob_base , W& T — M REHE MBS — 5] TS GX W A %
Py_REFCNT fll Py_TYPE KX, HZZARMG, MM IN=zEBo] DA R 2

flEl: HEAES PyObject _HEAD A5 BEINRIN S FHIR IR B8

MR, XRERTHE PyObject _HEAD fE#4UIEAL, ARIMIE: HIan, 7R E LT FnifEf Python i xi 4L

typedef struct {
PyObject_HEAD
double ob_fval;
} PyFloatObject;

B AL IR Y E S

static PyTypeObject CustomType = {
PyVarObject_HEAD_INIT (NULL, O0)
.tp_name = "custom.Custom",
.tp_doc = "Custom objects",
.tp_basicsize = sizeof (CustomObject),
.tp_itemsize = 0,
.tp_flags = Py_TPFLAGS_DEFAULT,
.tp_new = PyType_GenericNew,

bi

flEl: PR L CO9 KARIFILAIL, LAREGS H BTA 1) PyTypeObject FBr, HPRZRIRAFTFERX
D, ARt T DA S T B ST »

£ object . h PSLPRE X PyTypeObject BA LM EESCEZM 7B, FARINTEBSH CHiFRN%E
SRIAFE, EFERMOE R A RAHIEEENT, BRIMRHLTHREEA].

ek —akn, BRI

PyVarObject_ HEAD_INIT (NULL, O0)
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.tp_name = "custom.Custom",

AR PR o R BAEFRA TR X R BN SCAFIR L AL A BT R, Biln:

>>> "" + 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 Custom, 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.

f#(E): If you want your type to be subclassable from Python, and your type has the same tp_basicsize as its base
type, you may have problems with multiple inheritance. A Python subclass of your type will have to list your type first
inits __bases__, or else it will not be able to call your type’s __new___ () method without getting an 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 object, or else you will be adding data members
to your base type, and therefore increasing its size.

A TEERR %A 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 = "Custom objects",

To enable object creation, we have to provide a tp_new handler. This is the equivalent of the Python method
__new__ (), but has 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) {

(FILakEL)
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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"])])

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, Rfuh?

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

#i([E): While this documentation showcases the standard distutils module for building C extensions, it is recom-
mended in real-world use cases to use the newer and better-maintained setuptools library. Documentation 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?2 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;

} CustomObject;

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

(R akEL)
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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;
t
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;
Py_INCREF (first);
self->first = first;
Py_XDECREF (tmp) ;
}
if (last) {
tmp = self->last;
Py_INCREF (last);
self->last = last;
Py_XDECREF (tmp) ;
}
return O;
}
static PyMemberDef 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,
Q)
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"custom number"},
{NULL} /* Sentinel */

bi

static PyObject *
Custom_name (CustomObject *self,

{

PyObject *Py_UNUSED (ignored))

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

return NULL;

"first");

}
if

(self->1las NULL) A
PyErr_SetString (PyExc_AttributeError,
return NULL;

"last");

}

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"
by
{NULL}

/* Sentinel */

bi

0

static PyTypeObject CustomType
PyVarObject_HEAD_INIT (NULL,
.tp_name =
.tp_doc =
.tp_basicsize
.tp_itemsize
.tp_flags
.tp_new Custom_new,
.tp_init (initproc) Custom_init,
.tp_dealloc = (destructor) Custom_dealloc,
.tp_members Custom_members,
.tp_methods Custom_methods,

{
)
"custom2.Custom",

"Custom objects",

sizeof (CustomObject),
Ol
Py_TPFLAGS_DEFAULT |

Py_TPFLAGS_BASETYPE,

bi

static PyModuleDef custommodule {

PyModuleDef_ HEAD_INIT,
"custom2",

"Example module that

,1,

.m_name =
.m_doc =
.m_size =

creates an extension type.",

bi

PyMODINIT_FUNC
PyInit_custom2 (void)
{
PyObject *m;
if (PyType_Ready (&CustomType)
return NULL;

< 0)

m
if

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

’

(Rt
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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 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.

#[E): 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 * argument.
Otherwise, the compiler will emit a warning. This is object-oriented polymorphism, in C!
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We want to make sure that the first and last names are initialized to empty strings, so we provide a t p_new implemen-
tation:

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;

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 t p_new handler to initialize the first and last 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
(aka. tp_initinCor__init__ in Python) methods.

#(E): tp_new shouldn’t call tp_init explicitly, as the interpreter will do it itself.

The tp_new implementation calls the t p_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.

#i[E): 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.

#(E): If you are creating a co-operative t p_new (one that calls a base type’s tp_new or __new__ () ), you 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
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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, "|[00i", kwlist,
sfirst, &last,
&self->number))
return -1;

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

}

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

}

return 0O;

by filling the tp_init slot.

.tp_init = (initproc) Custom_init,

The tp_init slotis exposed in Pythonasthe __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 0 on success or —1 on error.

Unlike the tp_new handler, there is no guarantee that tp_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 call the
__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 £irst 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 t p_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 ;= 7! JZ, /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 Custom (or Custom 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)

! 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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Note that we have to check for the possibility that our first 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:

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 £irst 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;

} CustomObiject;

static void
Custom_dealloc (CustomObject *self)
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Py_XDECREF (self->first);
Py_XDECREF (self->last);

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

static PyObject *
Custom_new (PyTypeObject *type,
{

PyObject *args,

CustomObject *self;
self = (CustomObject *)
if (self != NULL) {
self->first = PyUnicode_FromString("");
if (self->first NULL) |
Py_DECREF (self) ;
return NULL;

type->tp_alloc (type, 0);

}
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,

{"first", "last",
*last = NULL, *tmp;

static char *kwlist[] =

PyObject *first = NULL,

if (!PyArg_ParseTupleAndKeywords (args, kwds,
sfirst, &last,
&self->number))

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 0;

static PyMemberDef Custom_members|[] = {
{"number", T_INT, offsetof (CustomObject,
"custom number"},

number) ,

"number",

n |UUi",

PyObject *kwds)

PyObject *kwds)

NULL};

kwlist,

0,

(Rt
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{NULL} /* Sentinel */
bi

static PyObject *

Custom_getfirst (CustomObject *self, woid *closure)
{

Py_INCREF (self->first);

return self->first;

static int

Custom_setfirst (CustomObject *self, PyObject *value, wvoid *closure)
{

PyObject *tmp;

if (value == NULL) {

return -1;
}
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 0;

static PyObject *
Custom_getlast (CustomObject *self, wvoid *closure)
{

Py_INCREF (self->1last);

return self->last;

static int
Custom_setlast (CustomObject *self, PyObject *value, wvoid *closure)
{

PyObject *tmp;

if (value == NULL) {

return -1;
;
if (!PyUnicode_Check (value)) {
PyErr_SetString (PyExc_TypeError,
"The last attribute value must be a string");
return -1;
3
tmp = self->last;
Py_INCREF (value);
self->last = value;
Py_DECREF (tmp) ;
return O;

PyErr_SetString (PyExc_TypeError, "Cannot delete the first attribute");

PyErr_SetString (PyExc_TypeError, "Cannot delete the last attribute");

(Rt
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static PyGetSetDef Custom_getsetters](]
{"first", (getter) Custom_getfirst,
"first name", NULL},
{"last", (getter) Custom_getlast,
"last name", NULL},
{NULL} /* Sentinel

{

(setter) Custom_setfirst,

(setter) Custom_setlast,

*/
bi

static PyObject *
Custom_name (CustomObject *self,

{

PyObject *Py_UNUSED (ignored))

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"
by
{NULL}

/* Sentinel */

bi

0

static PyTypeObject CustomType
PyVarObject_HEAD_INIT (NULL,
.tp_name =
.tp_doc "Custom objects",
.tp_basicsize sizeof (CustomObject),
.tp_itemsize 0,
.tp_flags = Py_TPFLAGS_DEFAULT |
.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,

{
)

"custom3.Custom",

Py_TPFLAGS_BASETYPE,

bi
static PyModuleDef custommodule =
PyModuleDef_ HEAD_INIT,

.m_name
.m_doc
.m_size

{

"custom3",

"Example module that creates an extension type.",
,1’

bi

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

< 0)

m
if

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

Py_INCREF (&CustomType) ;

’

(Rt
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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 functions for getting and setting the first attribute:

static PyObject *
Custom_getfirst (CustomObject *self, wvoid *closure)
{

Py_INCREF (self->first);

return self->first;

static int
Custom_setfirst (CustomObject *self, PyObject *value, void *closure)
{
PyObject *tmp;
if (value == NULL) {
PyErr_SetString (PyExc_TypeError, "Cannot delete the first attribute");
return -1;
}
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 0O;

The getter function is passed a Custom object and a “closure”, which is a void pointer. In this case, the closure is
ignored. (The closure supports an advanced usage in which definition data is passed to the getter and setter. This could,
for example, be used to allow a single set of getter and setter functions that decide the attribute to get or set based on data
in the closure.)

The setter function is passed the Cust om object, the new value, and the closure. The new value may be NULL, in which
case the attribute is being deleted. In our setter, we raise an error if the attribute is deleted or if its new value is not a
string.

We create an array of PyGet SetDef structures:

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
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and register it in the tp_getset slot:

.tp_getset = Custom_getsetters,

The last item in a PyGet SetDef structure is the “closure” mentioned above. In this case, we aren’t using a closure, so
we just pass NULL.

We also remove the member definitions for these attributes:

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

bi

We also need to update the tp_init handler to only allow strings® to be passed:

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, "|UUi", kwlist,
sfirst, &last,
&self->number))
return -1;

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

}

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

}

return 0;

With these changes, we can assure that the first and 1ast members are never NULL so we can remove checks for
NULL values in almost all cases. This means that most of the Py_ XDECREF () calls can be converted to Py_ DECREF ()
calls. The only place we can’t change these calls is in the t p_dealloc implementation, where there is the possibility
that the initialization of these members failed in tp_new.

‘We also rename the module initialization function and module name in the initialization function, as we did before, and
we add an extra definition to the setup. py file.

3 We now know that the first and last members are strings, so perhaps we could be less careful about decrementing their reference counts, however,
we accept instances of string subclasses. Even though deallocating normal strings won’t call back into our objects, we can’t guarantee that deallocating
an instance of a string subclass won'’t call back into our objects.
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2.2.4 Supporting cyclic garbage collection

Python has a cyclic garbage collector (GC) that can identify unneeded objects even when their reference counts are not
zero. This can happen when objects are involved in cycles. For example, consider:

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

In this example, we create a list that contains itself. When we delete it, it still has a reference from itself. Its reference
count doesn’t drop to zero. Fortunately, Python’s cyclic garbage collector will eventually figure out that the list is garbage
and free it.

In the second version of the Custom example, we allowed any kind of object to be stored in the first or last
attributes®. Besides, in the second and third versions, we allowed subclassing Custom, and subclasses may add arbitrary
attributes. For any of those two reasons, Cust om objects can participate in cycles:

>>> import custom3
>>> class Derived (custom3.Custom) : pass

>>> n = Derived()
>>> n.some_attribute = n

To allow a Custom instance participating in a reference cycle to be properly detected and collected by the cyclic GC,
our Custom type needs to fill two additional slots and to enable a flag that enables these slots:

#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 int
Custom_traverse (CustomObject *self, visitproc visit, wvoid *arq)
{

Py_VISIT(self->first);

Py_VISIT (self->last);

return 0O;

static int
Custom_clear (CustomObject *self)
{
Py_CLEAR (self->first);
Py_CLEAR (self->last);
return 0;

static void
Custom_dealloc (CustomObject *self)
{

(FItakss)

4 Also, even with our attributes restricted to strings instances, the user could pass arbitrary st r subclasses and therefore still create reference cycles.
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PyObject_GC_UnTrack (self);
Custom_clear (self);

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

static PyObject *
Custom_new (PyTypeObject *type,
{

PyObject *args,

CustomObject *self;
self = (CustomObject *)
if (self != NULL) {
self->first = PyUnicode_FromString("");
if (self->first NULL) {
Py_DECREF (self);
return NULL;

type->tp_alloc (type, 0);

}
self->last = PyUnicode_FromString("");

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

}

self->number = 0;

}

return (PyObject *) self;

static int
Custom_init (CustomObject *self,

{

PyObject *args,

{"first", "last",
*last = NULL, *tmp;

static char *kwlist[] =
PyObject *first = NULL,

(!PyArg_ParseTupleAndKeywords (args, kwds,
&sfirst, &last,
&self->number))

if

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

return 0O;

static PyMemberDef Custom_members|[] = {
{"number", T_INT, offsetof (CustomObject,
"custom number"},
{NULL} /#* Sentinel

number) ,

*/

PyObject *kwds)

PyObject *kwds)

"number"

n |UUi",

NULL};

kwlist,

0,

(Rt
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bi
static PyObject *
{

return self->first;

static int

{
if (value == NULL) {

return -1;

}

return -1;
}
Py_INCREF (value) ;
self->first = value;
return 0;

static PyObject *

{

return self->last;

static int

{

return -1;

}

return -1;

}
Py_INCREF (value);

self->last = value;
return 0O;

{"first", (getter)

Custom_getfirst (CustomObject *self, wvoid *closure)

Py_INCREF (self->first);

Custom_setfirst (CustomObject *self, PyObject *value, void *closure)

PyErr_SetString (PyExc_TypeError, "Cannot delete the first attribute");

if (!PyUnicode_Check (value)) {
PyErr_SetString (PyExc_TypeError,

Py_CLEAR (self->first);

Custom_getlast (CustomObject *self, wvoid *closure)

Py_INCREF (self->1last);

Custom_setlast (CustomObject *self, PyObject *value, wvoid *closure)

if (value == NULL) {
PyErr_SetString (PyExc_TypeError, "Cannot delete the last attribute");

if (!PyUnicode_Check (value)) {
PyErr_SetString (PyExc_TypeError,

Py_CLEAR (self->last);

static PyGetSetDef Custom_getsetters[] = {
Custom_getfirst, (setter) Custom_setfirst,

"first name", NULL},
{"last", (getter) Custom_getlast, (setter) Custom_setlast,

"The first attribute value must be a string");

"The last attribute value must be a string");

(Rt
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"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);

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, 0)
.tp_name = "custom4.Custom",
.tp_doc = "Custom objects",
.tp_basicsize = sizeof (CustomObject),
.tp_itemsize = 0,
.tp_flags = Py_TPFLAGS_DEFAULT | Py TPFLAGS_BASETYPE | Py_TPFLAGS_HAVE_GC,
.tp_new = Custom_new,
.tp_init = (initproc) Custom_init,
.tp_dealloc = (destructor) Custom_dealloc,
.tp_traverse = (traverseproc) Custom_traverse,
.tp_clear = (inquiry) Custom_clear,
.tp_members = Custom_members,
.tp_methods = Custom_methods,
.tp_getset = Custom_getsetters,

bi

static PyModuleDef custommodule = {
PyModuleDef_HEAD_INIT,
.m_name = "custom4d",
.m_doc = "Example module that creates an extension type.",
.m_size = -1,

bi

PyMODINIT_FUNC
PyInit_custom4 (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) ;

(Rt
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return NULL;

return m;

First, the traversal method lets the cyclic GC know about subobjects that could participate in cycles:

static int
Custom_traverse (CustomObject *self, visitproc visit, wvoid *arq)
{
int vret;
if (self->first) {
vret = visit (self->first, arg);
if (vret != 0)
return vret;
}
if (self->last) {
vret = visit (self->last, arg);
if (vret != 0)
return vret;
;

return 0;

For each subobject that can participate in cycles, we need to call the visit () function, which is passed to the traversal
method. The visit () function takes as arguments the subobject and the extra argument arg passed to the traversal
method. It returns an integer value that must be returned if it is non-zero.

Python provides a Py_VISIT () macro that automates calling visit functions. With Py_VISIT (), we can minimize
the amount of boilerplate in Custom_traverse:

static int
Custom_traverse (CustomObject *self, visitproc visit, wvoid *arqg)
{

Py_VISIT (self->first);

Py_VISIT (self->last);

return 0;

#iE): The tp_traverse implementation must name its arguments exactly visit and arg in order to use Py_VISIT ().

Second, we need to provide a method for clearing any subobjects that can participate in cycles:

static int
Custom_clear (CustomObject *self)
{
Py_CLEAR(self->first);
Py_CLEAR(self->last);
return 0O;

Notice the use of the Py_CLEAR () macro. It is the recommended and safe way to clear data attributes of arbitrary
types while decrementing their reference counts. If you were to call Py_XDECREF () instead on the attribute before
setting it to NULL, there is a possibility that the attribute’s destructor would call back into code that reads the attribute
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again (especially if there is a reference cycle).

#(E): You could emulate Py_CLEAR () by writing:

PyObject *tmp;

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

Nevertheless, it is much easier and less error-prone to always use Py_ CLEAR () when deleting an attribute. Don’t try to
micro-optimize at the expense of robustness!

The deallocator Custom_dealloc may call arbitrary code when clearing attributes. It means the circular GC can be
triggered inside the function. Since the GC assumes reference count is not zero, we need to untrack the object from the
GC by calling PyObject_GC_UnTrack () before clearing members. Here is our reimplemented deallocator using
PyObject_GC_UnTrack () and Custom_clear:

static void
Custom_dealloc (CustomObject *self)
{
PyObject_GC_UnTrack (self);
Custom_clear (self);
Py_TYPE (self)->tp_free ((PyObject *) self);

Finally, we add the Py_TPFLAGS_HAVE_ GC flag to the class flags:

.tp_flags = Py_TPFLAGS_DEFAULT | Py TPFLAGS_BASETYPE | Py TPFLAGS_HAVE_GC,

That’s pretty much it. If we had written custom tp_alloc or tp_free handlers, we’'d need to modify them for cyclic
garbage collection. Most extensions will use the versions automatically provided.

2.2.5 Subclassing other types

It is possible to create new extension types that are derived from existing types. It is easiest to inherit from the built in
types, since an extension can easily use the PyTypeObject it needs. It can be difficult to share these Py TypeObject
structures between extension modules.

In this example we will create a SubLi st type that inherits from the built-in 11 st type. The new type will be completely
compatible with regular lists, but will have an additional increment () method that increases an internal counter:

>>> import sublist

>>> s = sublist.SubList (range (3))
>>> g.extend(s)

>>> print (len(s))

6

>>> print (s.increment ())

1

>>> print (s.increment ())

#define PY_SSIZE_T_CLEAN
#include <Python.h>

(R Itgkss)
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typedef struct {
PyListObject list;
int state;
} SubListObject;
static PyObject *
SubList_increment (SubListObject *self, PyObject *unused)
{
self->state++;
return PylLong_FromLong(self->state);
i
static PyMethodDef SubList_methods[] = {
{"increment", (PyCFunction) SubList_increment, METH_NOARGS,
PyDoc_STR("increment state counter")},
{NULL},
bi
static int
SubList_init (SubListObject *self, PyObject *args, PyObject *kwds)
{
if (PyList_Type.tp_init ((PyObject *) self, args, kwds) < 0)
return -1;
self->state = 0;
return O;
3
static PyTypeObject SubListType = {
PyVarObject_HEAD_INIT (NULL, O)
.tp_name = "sublist.SubList",
.tp_doc = "SubList objects",
.tp_basicsize = sizeof (SubListObject),
.tp_itemsize = 0,
.tp_flags = Py_TPFLAGS_DEFAULT | Py_TPFLAGS_BASETYPE,
.tp_init = (initproc) SubList_init,
.tp_methods = SubList_methods,
bi
static PyModuleDef sublistmodule = {
PyModuleDef_ HEAD_INIT,
.m_name = "sublist",
.m_doc = "Example module that creates an extension type.",
.m_size = -1,
bi
PyMODINIT_FUNC
PyInit_sublist (void)
{
PyObject *m;
SubListType.tp_base = &PyList_Type;
if (PyType_Ready (&SubListType) < 0)
return NULL;
m = PyModule_Create (&sublistmodule);
if (m == NULL)
return NULL;
Qi)
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Py_INCREF (&SubListType) ;

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

return m;

As you can see, the source code closely resembles the Custom examples in previous sections. We will break down the
main differences between them.

typedef struct {
PyListObject list;
int state;

} SubListObject;

The primary difference for derived type objects is that the base type’s object structure must be the first value. The base
type will already include the PyObject_HEAD () at the beginning of its structure.

When a Python object is a SubList instance, its PyObject * pointer can be safely cast to both PyListObject
* and SubListObject *:

static int
SubList_init (SubListObject *self, PyObject *args, PyObject *kwds)
{
if (PyList_Type.tp_init ((PyObject *) self, args, kwds) < 0)
return -1;
self->state = 0;
return 0O;

We see above how to call through to the __init__ method of the base type.

This pattern is important when writing a type with custom tp_new and tp_dealloc members. The t p_new handler
should not actually create the memory for the object with its tp_alloc, but let the base class handle it by calling its
own tp_new.

The PyTypeObject struct supports a tp_base specifying the type’s concrete base class. Due to cross-platform
compiler issues, you can’t fill that field directly with a reference to PyList_Type; it should be done later in the module
initialization function:

PyMODINIT_FUNC
PyInit_sublist (void)
{
PyObject* m;
SubListType.tp_base = &PyList_Type;
if (PyType_Ready (&SubListType) < 0)
return NULL;

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

Py_INCREF (&SubListType) ;

(Rt
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if (PyModule_AddObject (m, "SubList", (PyObject *) &SubListType) < 0) {
Py_DECREF (&SubListType) ;
Py_DECREF (m) ;
return NULL;

return m;

Before calling PyType_Ready (), the type structure must have the t p_base slot filled in. When we are deriving an
existing type, it is not necessary to fill out the tp_alloc slot with PyType_GenericNew () -- the allocation function
from the base type will be inherited.

After that, calling PyType_Ready () and adding the type object to the module is the same as with the basic Custom
examples.

ik
2.3 YRR B
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typedef struct _typeobject {
PyObject_VAR_HEAD
const char *tp_name; /* For printing, in format "<module>.<name>" */
Py_ssize_t tp_basicsize, tp_itemsize; /* For allocation */

/* Methods to implement standard operations */

destructor tp_dealloc;

Py_ssize_t tp_vectorcall_offset;

getattrfunc tp_getattr;

setattrfunc tp_setattr;

PyAsyncMethods *tp_as_async; /* formerly known as tp_compare (Python 2)
or tp_reserved (Python 3) */

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 */

(FIaks)
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PyBufferProcs *tp_as_buffer;

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

const char *tp_doc; /* Documentation string */

/* call function for all accessible objects */
traverseproc tp_traverse;

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

/* rich comparisons */
richcmpfunc tp_richcompare;

/* weak reference enabler */
Py_ssize_t tp_weaklistoffset;

/* Iterators */
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;

Py_ssize_t 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;

destructor tp_del;

/* Type attribute cache version tag. Added in version 2.6 */
unsigned int tp_version_tag;

destructor tp_finalize;

} PyTypeObject;

RXHA R 2Tk (HRAZRIL, WRREE 2R, i AR Z LRIk
IEARAE IR —FE, BATIEE—S— PPN SRR T . PO KR I S AR S 7 B e, B
PABRATAS AR N /RS H PR HLE SO D . Sl m AR A S 8 — M R 2w Ban il 1, e
ARE B AR B 22

48 Chapter 2. A% —Ji THAIED




Extending and Embedding Python, %:[EF] 3.8.18

’const char *tp_name; /* For printing */ ‘
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’Py_ssize_t tp_basicsize, tp_itemsize; /* For allocation */
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’const char *tp_doc; ‘
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destructor tp_dealloc;
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static void
newdatatype_dealloc (newdatatypeobject *obj)
{
free (obj->obj_UnderlyingDatatypePtr);
Py_TYPE (obj) —>tp_free (obj);

}

— AN LR PR A S R 2 AR I R e S E R AN S . X AR E R R RS 2 W AR 1 R
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Ml PyErr_Restore () PRECESZH:

static void

my_dealloc (PyObject *obj)

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

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

/* This saves the current exception state */
PyErr_Fetch (&err_type, &err_value, &err_traceback);

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

PyErr_WriteUnraisable (self->my_callback);
else

Py_DECREF (cbresult) ;

(Rt
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/* This restores the saved exception state */
PyErr_Restore (err_type, err_value, err_traceback);

Py_DECREF (self->my_callback) ;

3
Py_TYPE (obj) —>tp_free ((PyObject*)self);

i [E: PR AETERE RS o8 B h 22 A AT I B AR A IR, e, AR AR A 28 B SR R i (fi
tp_traverse /B tp_clear), XFRAYFRN NG AT AEI I tp_dealloc WP s A4, Hk, 1
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reprfunc tp_repr;
reprfunc tp_str;
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static PyObject *
newdatatype_repr (newdatatypeobject * obj)
{
return PyUnicode_FromFormat ("Repr—-ified_newdatatype{{size:%d}}",
obj->obj_UnderlyingDatatypePtr->size);
}

WEREAHE to_repr ALBARSY, RESRHRIE—EA to_name MYZFRIRIEA A SIS R ME—F1iR

tp_str AHATIRT T str () A1 Lk co_repr ALBAIRNXT T repr O —#F; HELRUL, BERTEH
Python fUISTEARIIXT R IFASEHI_ BRI st O WA EMEEYS tp_repr sACIERAIML, (HHLS
TR RPNLAEFRN . WRARIE to_str, WA tp_repr FAMEARMAE.
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static PyObject *
newdatatype_str (newdatatypeobject * obj)
{
return PyUnicode_FromFormat ("Stringified newdatatype{{size:%d}}",
obj—->obj_UnderlyingDatatypePtr—->size);
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2.3.3 B
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getattrfunc tp_getattr; /* char * version */
setattrfunc tp_setattr;

S xS

getattrofunc tp_getattro; /* PyObject * version */

setattrofunc tp_setattro;
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