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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 .

{Ef#: i T Python W] fig z:ﬂi)‘(*lﬂﬁ?’/ﬂl’]%%:%%J:ﬁ‘(ﬁ%i@ﬁ‘ﬁﬁﬁﬂ%ﬁ}(, Sl AR LN BS
A2, A8 * W * include 3X NS0 Python.h.

HEFE M 27E Python.h B X PY_SSIZE_T_CLEAN , #rHLIY & &4y A4 R THX N ENTEL
WA

B P LA S X H Python.h 1, FFHIARIZ Py 8 PY , BRTHRLEC & LAERRHESL SC
Py AT, DAL T IAE Python fi# s )iz W H "Python h" WA T B AR Sk SO
<stdio.h>, <string.h>, <errno.h> fll <stdlib.h>, U5 )5k SCHATEARK R S8 _EAFTE,
W HEFHE S nalloc (), free() fil realloc() .

NS SRR C R B N BN P A, 24 Python F3A3K spam. system (string) HOR{ER
BRECR B (FAVRPU SR 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);

}

ANEZBIFES IR TR BIEmE) “1s-1") 22y C MBS . CRABREAM IS
B, W AT self Ml args

MR BREL, self ZRHRTIRBBSR 5 AT RGN 15 735

args ZHUZ AR~ Python [ tuple MR I4E, HP &2 8. G4 wple TR M SH XL

SR 4RI Python X5 - BAEFRATHY C BRECH i I EN TR 2o HAL 45 C (. Python API H1i)
P PyArg_ParseTuple () RAESHERAIFREIIARN C (0. BB T AR E HEHSEEE
BPA R AT Wi e (e C A2 ”’r I IR S

PyArg_ParseTuple () {EIIA SECENA IEAH 28 H 21 B0 o048 0 e A% 3B 0 i Hchk B, s o]
HEZ). ,f%/\ﬂﬁxﬁv‘%z&&ﬂh_lilﬁx(%) TEIGEEBF B, B ERE S5, A5 0 s 5T DAREf#
IR 8] NULL (552 611 B L)

2.1.2 XFHEIR

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 a NULL pointer). Exceptions are stored in a static global
variable inside the interpreter; if this variable is NULL no exception has occurred. A second global variable stores the
“associated value” of the exception (the second argument to raise). A third variable contains the stack traceback
in case the error originated in Python code. These three variables are the C equivalents of the result in Python of
sys.exc_info () (see the section on module sys in the Python Library Reference). It is important to know
about them to understand how errors are passed around.

Python API H1ig ST — S8 pR R 1 X S8

& AW E PyErr_SetString(). HBHEREXMNZ M C F/H. REMNE - KER
PyExc_ZeroDivisionError KAEMITIE X A4, C ERFREHRFIER, I gif:#h—1 Python
FAPRX R R TR RIRE”.
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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
ANFHEMFH Py_INCREF () SRIGHNE 16 E HAL R A S EOT 4095 T4

You can test non-destructively whether an exception has been set with PyErr_Occurred () . This returns the cur-
rent exception object, or NULL if no exception has occurred. You normally don’t need tocallPyErr_Occurred ()
to see whether an error occurred in a function call, since you should be able to tell from the return value.

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

(FERLEREOU T, YRR SCRERS A A 1L E PyEre_» () R ISR BRI S, I HAX
LR ] AR o (EUR R IR — R, XA, ] e ECE R RIEE N EE EK: KZ
HAE 2 b T R AR R T R )

REUCEE 22005 phy — A~ SR W) e RO T BT B B 7, AR E e AUE L M ] PyErr_Clear () BAHIHH
B CHRIBM AN PyErr_Clear () MME—IFLLR AR ENERFH R G R IR 2B sE e h H Ok
AEFRE (ATRE RSN, BOR BRI ) .

R malloc () PWHHLIEG A — A FH . malloc () (8 realloc () ) B E IR FH & 2000 H
PyErr_NoMemory () Mk IR R . A XSO KA (Fl40 PyLong_FromLong () ) BE&X 4
T, FrPAXAN R T EEHH malloc () BB

EFERZ, BRT PyArg_ParseTuple () SFEERBISL, IR I EELCIRAS i ok L0 FA0 2R ] I {E
R FTRAI, MDA -1 FORKM, WlE Unix G004

BoE, MR Bl — AN RS s A R R GE IR A B R AT Py_XDECREF () B
Py_DECREF () JEH)!

YT B 7 # e BT AR E4F . BT B B Python S8 #AG XF M W= C XF4, il
PyExc_ZeroDivisionError, RW PARLIEEME A EA]. 25K, RN 4R ik 75 - RNE A
PyExc_TypeError HRF/R—A X TCEHFTIT AP i%H PyExc_IOError). WIRSHIIEA
#i, PyArg_ParseTuple () HMHGHEH 45K PyExc_TypeError. WERARBEE—ASEMHLIALL T
FETL 2 A e HoAth 24, WISEE A PyExc_ValueError,

PRALAT AR AR ISR S ME— B o . 75 AR SCPF AR A I — N SxT e &, o

static PyObject *SpamError;

T HAEARBI BRI R UG PR EL (PyInit_spam () HE I —A 58X SR AR L

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;

(F D)

21. £/ C & C++ ¥ & Python 7
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return m;

}

HERE XA Python ZF 2 spam.error . [fj PyErr_NewException () A PAAIE—K, H
HKN Exception (JFIER B — P28 A PAEH: NULL ), éﬂ]”ﬁi}ﬂ bltin-exceptions .

] B 2 B PR AT T SpamError — 5], XRAEM. N T B g s, 15 )
spamError HilRf &M B 14T

—2>118 PyMODINIT_FUNC fE A éﬂh.lﬂ%ﬁé’]ﬁﬁ&i
spam.error S A DAEY AL bl , il PyErr_setString () BREHA, WITH:

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 @3 HF
M IR GT, VRRIZET E R T AR

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

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

FN—ANEH ] UNIX 2GR E system () , AN SEZNIA M PyArg _ParseTuple () HUH
fy:

sts = system(command) ; ‘

F AT HY spam.system() B IR M sts HI{E {E & Python X} %. X i@ i ff & %K
PyLong_FromLong () 5.

’return PyLong_FromLong (sts) ; ‘

TERCRIREULR , 2RI — Ao S, (X4 £ Python HE B .

WERARE C BREEAE A TR U GRE] void BIEEED , WLAZR M None « (45T A Py_RETUN_NONE
TR TE):

Py_INCREF (Py_None) ;
return Py_None;

8 Chapter 2. RERE=FTREBT R
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Py_None is the C name for the special Python object None. It is a genuine Python object rather than a NULL
pointer, which means “error” in most contexts, as we have seen.

2.1.4 ERFERMIGILER R

H TR spam_system () Wi Python &7 iH H . 86K %507 B A AT ARE Python A ], 75285 L—
ANJ5 3 method table”

static PyMethodDef SpamMethods[] = {

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

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

HRESE “ASH(METH_VARARGS ) , XMrdEfiE M C WyEMG]. nIiEfff METH_VARARGS .
METH_VARARGS | METH_KEYWORDS , {H 0 f{Z{#if] PyArg_ParseTuple () HHIHA &,

A Bk ] METH_VARARGS , PR 4 2> %% £ Python f% 3k tuple #% X 19 2 ¥, I & & A
PyArg_ParseTuple () #fTfEMT.

METH_KEYWORDS {HFE/REZ KBTS XMHN T C REFTRERZE =1 PyObject * X4, %
NFHSE, i PyArg_ParseTupleAndKeywords () JRMATHSEL.

XA TTIEFR PRI E LA PTG -

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

SER R AT 3B 25 R DS AT A A PR . R AR AL PRERA AT Ay 444 Py Init_name () , HHt name
E@%ﬁ%lﬁ’]@ﬁ'—, HMAZE AR static , HAEBIHSCIER:

PyMODINIT_FUNC
PyInit_spam(void)
{

return PyModule_Create (&spammodule) ;

}

% PyMODINIT_FUNC 758 T s 4UfE N PyObject * aR[MIZRAL, FEEMV-& a4 ar, ARG
C++ AR E) extern "C",

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

2 A Python i}, PyInit_spam () REASHHSIEA, BRIEIIE PyImport_Inittab RE. ZR
I 4 iR, [ PyImport_AppendInittab () , A[HERIRE —MEIRKIFA.

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

{

(R oUgkzE)

21. £/ C & C++ ¥ & Python 9
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(8L 7))
wchar_t *program = Py_DecodeLocale(argv[0], NULL);
if (program == NULL) {
fprintf (stderr, "Fatal error: cannot decode argv[0]\n");
exit (1);

}

/* Add a built-in module, before Py_Initialize */

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

PyMem_RawFree (program) ;
return O;

Eff: B sys.modules MRS T A O PEHEE] — A IERE BLEIY 2 Al RE G (BB fork O i
B exec () ) S0P AL 7= A At . 7 RERLERAEE W] DAAERIAG AL A PRI S M I 45t iy

B2 K TR LS i) 540 & Python JEAS 1Y) Modules/xxmodule.c Ho X LESCAFA] DA AEAR
AR, Bl 22~ . A modulator.py £ {5 £ YR A% A AT S Windows 22 v, 4R T — Ay By
GUL, JHK W] 2 A ek Bt g, I Honl DA IR 15t . I ARTE Tools/modulator/ FH 5%, #
% README DA T f# 3%

s AMEIRATE spam B+, xxmodule ffiH T % #4745 16 (Python3.5 JF465] A), PyInit_spam
22 iR |5l —~ PyModuleDef Z5#5 {4, SR )5 81 BHURE] T ANLE . 415757 PEP 489 [ Z )y Bl ihik.

2.1.5 ZmiFfnsdis

VR AR BI B Y R Z . VRIETHEEM M -39 [ Python RGNk gmiFMetEs:. WARIRMH
S, XBORT VR EERZR SIS 25 B2 % mIFY RERK =T (e
C/C++ 4 e FE3Y), PAAE Windows 4R BEIIME B (£ Windows -F & %if C A= C++ 7 & Y ).
WRARA A S E, siF AT K AR 1E A Python fEREZRAY—FR4r, wRAZE Bl & B

HEE @RS . a2 7E Unix BARGR, HFTFEIRE S (spammodule . c R Bil) B 46
VBRI R ATHH) Modules/ H3E T, ISII—47%) Modules/Setup. local iR yRiy o

10 Chapter 2. RMEAE=KT AR &R
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spam spammodule.o

SRIGHETIZ H %217 make R EHIEERA . K ﬁiTU\T Modules/ F H %A [ make, {HAR AR
%EL Makefile ff, #RJ5iz T make Makefile’ fiy%. (REFRIBEL Setup SCIERRR ZIXFEHEAE . )

URARA LR T BB B X%W&*ﬂ%ﬁﬂﬁﬁﬁﬂﬁiﬁii, AL

’spam spammodule.o —-1X11

2.1.6 7t C hif A Python &F#}

84k, el —EHTER I S Tk Python JAJH C s, HECKGI WAV, w2 C /i Python
PRAC IXAEIER R C A AR A C O R, IR 2 B BLX A B LH .

SEiniyie, Python fiFREAS & L BT (EIMIRAY , FH-20R1E Python pR R A TARMESRE 1. (Li?)ff PR
#r Python fURS /NI AR TT 2, UIRA 4@ PAZ% Python/pythonmain. ¢ H1f —c AU, )
1] Python B4, 155E Python F2/7 2% Python pEION R . W% S A~ ek B (HCHHAE 1) RSB, 4

PR BNy, 42 RS R ARAT Python sRECHFR IUFEET, I ZHR M (Py_INCREF () AIEIG 4L,
UM R B WA 2K 5. BlAnIT:

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", s&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~ bR B METH _VARARGS Fpi T IR, IXAEAR 7 ik R o s 10 3 # B k.
PyArg_ParseTuple FRER S oS B0 SRS AR F2 T e ok B 0d A2

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

section 7| JH 1t 44.

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

int arg;
PyObject *arglist;
PyObject *result;

Q)

21. £/ C & C++ ¥ & Python 11
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arg = 123;

/* Time to call the callback */

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

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

PyObject_CallObject () & [ Python X} % 45 £, iX . & Python & %0 19 & [l fH.
PyObject_CallObject () & — X HESE” 51 H It L X" WK 6l T ol i
SN, I HAE pyObject_CallObject () Z G BIffifl T Py_DECREF () .

PyEval_Callobject () MEEIEME “B” f0: BAR—AWHIOHS: BAREAXR, HgNT
SRR FROABRAR AT SRR AR e 4 A B, ki AR 6 By_DECREF (), HMEARAHHL
THIAA CHERID) R

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

if (result == NULL)

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

WA B KR, R BRI S H0#3] PyEval_CallObject () o FERLAFILT 4
2 Python FE/FAR LY, Id 2 O PR 2 IR AL, SRR AR I s E AR . 73 Sh— Lo
YREF 7B wple RALIESHL. e fff BT IAM 2 Py_Buildvalue () sAUWIE tple. BN, 4R
BB — DR AT DA

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) ;

VEE Py_DECREF (arglist) FIfEALLr IV, TERT IR A Z Bl SARDETE—E M aER,
4 py_Buildvalue () W REXTEIBNAA B,

TR, HRBFSEHH pyobject_Call () , FELFFHAESEM XLBFTSE. Al -5
T, AL Py_Buildvalue () AL,

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);
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21.7 BB REHHSH

K¥ PyArg_ParseTuple () BEHBHAITR:

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

SH arg R —ATCA S, M Python #4345 C lRELISEI 3R . format S — g7
FreR | 1BV 2% Python C/API T} b1 arg-parsing, F4 S 24N AF EIGHIHE, KT S5 FS
XTI o

1R PyArg_ParseTuple () il il 2r) Python ZHCRA, AUJCEEA L 45 i C 28 RbhE, 40
RIXHMHE T, ATRESTENAFHHINLE AR, /M.

VBT (] 1A 0600 Python XH4231 FILZ 15 A a05 RIS 11031 T4
— BT

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

int ok;

int i, 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, "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)) */
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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 LY RAHHXBEFSHN

PR%Y PyArg_ParseTupleAndKeywords () FEAEHUNTF:

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

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

A HERICAE R R T SR TCIR AL, ANTE kwlist ) KB F 2R 38 TypeError [,

R 2 B SRR B TR, VEH 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, O, NULL} /* sentinel */
bi

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

PyMODINIT_FUNC
PyInit_keywdarg (void)
{
return PyModule_Create (&keywdargmodule) ;

}

2.1.9 MEERIE

XANRES PyArg_ParseTuple () RAAMEL, AU :

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

B2 — R FEA R, 5 PyArg_ParseTuple () H[H, (HRESHUNIR A B HIEFEE (i AL E
B, widEE ). 2GR 4 Python X4 & Tk 8] C e& %0 I 45 Python {45 .

—A~5 PyArg_ParseTuple () WA, Ji&l nlfETR S EoR IR [ —4~7c4] (Python Z ¥R E 2
TEWERRA e, el i TA% i 45 HoAth Python sk PAS L. Py_Buildvalue () HAE A MITH,
HEZT 1 NSHEE S AN, WUREE SHRE None , — SN H R FZSERIT 5. W
SRR A B — KSRt S — P uEedl, FEEERX TR I B

BI¥ ZeM2RA, A2 Python {HE4):

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

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

1, 2, 3, 4, 5, 6) (1, 2), (3, 4)), (5, 6))
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2.1.10 S5|ATHE

TE CIC++ BT T, BIF BAT S B A EDSE (heap) 24 FINAF. £ C B, il R malloc () Al
free () R5EM. TE C++ HZHAE new Fll delete SRSZHUMIE I TIEE .

4 malloc () AMECAINTEER, BRZHBEEH free () B[ F W AR A, MM free () M
IHLAER S, AR NS T free () W& SEUNAFM, X TFAERE 45 A B JC IR E 0T
B . XL P AR . TSR — N AESE free () TUAG, BAM—ANF84FFUIIE, T8
mall;c() ’E%%ﬂ%ﬁ\]ﬁ%%ﬁm‘%o XA 2746 4. SF I T R LAY R, core dump, $i4%
R, HRLH AT .

WA R AR A R AR A — 28I R LI A AR L i — AR B0 T INAEAE, TSI, R)E
P . BUAE—SEXT sk B0 A8 ok T RERS IR S A I B R A5 1, AR5 R R R BOR AT T
EARES Zy ac iR AR A, Rl e e s . XA NS, — BRI, @RI AER
MELARSIN Y, AR A A R AAG, T BRI S AR BRI BN AR, T DA A E A
Eiﬂ%ﬁ%ﬁ)ﬂ{rﬁﬁ@éﬁﬁﬁr%}{ﬁﬁﬂi B, A0 B A, A AR A 2 S R Je /M I
xR El'B%o

Python i#iid malloc () #l free () M & REHNAF/IECHIRERL, [FIFETTEGEEG NI A EF FREE . fhik
BERY R 7Rt A BB B R DR S, TR BB S X R S |
WEHEAH G, S5 HHECh 0 B, FRWNROCERAFENELT , MR AR T

7k B FHER e, CA NGRS R % R, T RaX B A 307 HPAX 7>
P E SR B U0 0 PR T BRI free () o O — MR il BE s N A7 BT
SR FEANE) . BRAEXT C, WA n AL B SRR s, 51 VROl AR RS AR A S B (L2
malloc () Al free () BEURAT IR, XjE CIRMEHARAD). WIFAGH —RE MBI A 305
Welmlie s, (HAERCHTFRA T2 551 T B—& T A

Python i AL 4E M5 T RCSE B, BARME CORERIGINAS , I LARZIN G HIAEER . X A5 JomefH O B
SRR QA TARERS I, XS TR — 5 R SRR (TREELHD) W51 T4
5, FrOAMBER PR XN RES VR A 2 0. S5 VRS BUTETA DAL T3 DA ER R AR 42
SCE PRI X SR WA B TRER AN ST T

PRI 75 AT DA I B3R AEGER I B ge BIE AL T 7 s TR (collect () PRED , 1 H. AT RA
AEIBATIN L B S AR I 88 . DEERERI SR W 4 VE T R4, BRIA R A&, WA DAYEM 2R, /E Unix
F-& (345 Mac OS X) {fi [l ——without-cycle-gc i#E%i%| configure M7, WIRIEIIEIMZRHEEH
gc FHERATTH T .

Python Ry 5| Ait#

HWi7% Py_INCREF (x) il Py_DECREF (x) , &xAb¥5|H A9 . Py_DECREF () tWaHES| T
BN O BRI S . AT RIG, HASHBEA free () , Miii@il w5 %40 2t &1 BB K1
Mo ATXABR AR, SR ERGE 150 B SRS 845

B KRB RBHKIE : ol Py_INCREF (x) fll Py_DECREF (x) ? FRATEETIA LS. %A N #
B ARG, RT3 — AR B %R . — X5 e SCh A ISR . 510
WA EH AL Py_DECREF () , 7E5| HIAHERRER . 51 HMIIE XR ARG H . H =Fhapigskit
BIAWEIH: B, f#6%. W Py_DECREF () . micdbE— A ME| 2 SENETE.

EAPA AR —AXRIE . SIS HAR %I Py_DECREF () o f§H#F LA RARERA X R
RIS A TR eI AL B GRS (A B3 A KB, A% 5e 4’

AT R R AR TCFR I OB AR A EAREIEIUN, BG83, a5 RO AR Y
PR o A B RS R — SE R R IR AU A5 AT RE TSI AT & AL LS B X 5%
RV AIA SN, @A Py _INCREF () o XASPICEME B A F RS, XEeE—
ASFATIN, HE T ERIAE TUE CIIiA 2 AU LA ES T, R Z BIHA Z AR -

2ARE ST A SRR IERN: IWAHURAT 5L
SRR A 1 B, SRR S AT DAY AR AR, I AT AR S BT«
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wEAN

B RGBT — R BORT,  sRRU I 1 VAzds E P KR M2 E S5

RZBRBOR B — DXL 5I 1, HEE5IHAA xR @%, A& LKW, filn
PyLong_FromLong () fl Py_Buildvalue () , &Z#EIMA XRLHENE . MEEXNRAZHIE
(9, ARIDIR AT ABRAR X G5 M . —A~5Efil2 PyLong_FromLong () 4E§7 T RATEM ST, H AT
PAIR IR E A7 T H B85 1 -

MEH DX RPEPS R R, BaB@E5| KR, flUl Pyobject_GetAttrString() . X

By A E N, —2RKE H PR Z 6/ PyTuple_GetItem() , PyList_GetItem() ,
PyDict_GetItem() , PyDict_GetItemString () H ZiRMIMITH . FFE. FHEFERTIH.

PRI Py Import_AddModule () W&k EIER G, WA T EE SR BB XS5 XA ATREE A —A
WA G| XS EAPELE sys .modules B,

YL ih— X RE B AR g, W R AU A0 . WERTF TS, S Py_INCREF ()
KAWL PEE . XA MNA A EZ RIS : PyTuple_SetItem() Ml PyList_setItem() .
KB R R AL H KR, WS RN (35 PyDict_SetItem() KHFIZRASEZTIH X
#, i1 IEFEHT).

2—A~ C Ak Python S, SRR B & RINSEMEHSIH . HHEWEXS SRS H, oA H
5 | A i JE AT DABRIE R pREGR B . HUERS A F 5 | 75 BTG BB B T, i i 45 A 15 1

WL Py_INCREF () .

Python [ A C eREGR [ AR R5 | L AR 0A 95 | -4 & RPN s B % i 45 V8 3

fERSaY K
AORFIT, ARG IERRICE, (AT RS2, il 52 RO RS B aCUR  , HFvrae
FEG A E L EXATH

e R ANE R R SR ] Py_DECREF () Bl —PILRMR, WX MXREGIHZMEH A —51%
e 2L

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

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

ARBTG5 1ist (0], SRUFEH List (1] A O, RIGITEMEMIGIN. FERILTH
e, HAAR .

HMREEHIRAIEA PyList_SetItem () o FIERIAHETIUN THIA G, FroAM s | g, 5t
WAL BIFAR IO 1o BAERBUERIG MR 12 P e RSB, HARBEXANE LT __del ()
Tridie MR IEEBINTI RO 1, BALENERSTMN __del ) Jik.

BESA 2 Python 5, __del_ () J5ikw] PAATAL & Python fURD. 250 HETE bug () Y item BRG]
R, 2. BR%FEERT bug () &8 __del () FIEFTIA, wial ABFT— AN EA R del
list[0] , ARBBEX R —IRXIRMTIN, SFHERRANE, AR item TR,

ORI HARANE T BRI, i S T IS NG TR iR B ek SRS T -

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

Py_INCREF (item) ;

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

}

RN EEEE . — N HIRAE Python 4355 13X bug ISR, I —2E AFESE 7R E]7E C i
EEFHENA __del () ALK

XA [ AL 55 R B 2 A5 FH 05 | M R AR AR R . %, Python iR B2 AN AARTCEIE AN 1)
B, HNAEANE RS Python B4 25 [H] . HA] DA % Py_BEGIN_ALLOW_THREADS Il
FPRERGX AN, EEHTRIUEH Py_END_ALLOW_THREADS . Xl # | S67EPH € /O P4, (lif5 HiAthZk
FEVT DATESETE VO R AL Bl . AR, W R RS R 2 Hi AR AT — A 1)

void
bug (PyObject *1list)
{
PyObject *item = PyList_GetItem(list, 0);
Py_BEGIN_ALLOW_THREADS
..some blocking I/O call...
Py_END_ALLOW_THREADS
PyObject_Print (item, stdout, 0); /* BUG! */

NULL {84t

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

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

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

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

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

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

2.1.11 £ C++ fREVE

W LATE C+ g S fpbidle, FURAT LU 2R AL (Python ffERERR) J2 (1] C Zaidds R dwik Al
TR, AR e SR RO E SR REME T . AR Crt i 8RR BERE Bl AT 1A ). e AR
224 Python fREAS A GE H UG LR BD AR extern "C" o T @7HAE extern "C"
{...} B Python SKICPFMIAZIB AT L, PEAUIARE X TAFS __cplusplus WE 42X 4/
T G B Crt s i i SOXAMF5) o

4 MAREEA IR RS TR 25 i, XS IEAR BT, R IRIAEAE TR Z IR
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2.1.12 4% FRiERIR{ C API

WY REABGHRAL THY s BN Python (1], (HA I FEALE LA AR R ] DAREHA Y A b il

o BN, —AP RERLER T AL Bl — 21 collection” LR J& A T Y. w22 Python 51| F2 2

i‘gﬁ E!(; APT AV A HOR QEMZAES 515, IXASHTAY SR A N] DA — M C BT T 45 Hofth - fre i
Bl A -

THGREARR G HFE S RA om0 static), $Rfbaik30fr, PAK C APTIYSCR . 5K
b _EAEPTA T RS RR J& A HE 5 Python MRESR I U2 P DATE R TAERY . MBI DAL 2 FREE RS, —
AR AP B SO 7 — IMEEHOR T L . AT LAY AR5 OB T B R S8, — L8 RGERY Python ffRE (1)
A JRyfin 4 25 18) (B Windows), A7 LENIFEGERE N 75 28— I E AT SR (— MBI 72 AIX), 5
H PP AN [ S (A Unix 2R51). RIEER A2 4RI WY, VRZEE AT ABCEE ] RE M AR N2

N RGAR PR B RERIAT S ] IR AT e . X RE YR L Br A 47 S ROX A I static
B ARSI A (R eR R, RIS S A Y RS iy 4 o R (FE B ARk 7 ik R Ao s 1 B B PR
X FRE R W% o Rl 1 HA 5 7 2R SR REBEERAT 1)

Python 42 fit 1" —AMFF BB HLEI R AL 1% C ZAlEE GRED, M— AP B 5 —4>: Capsules, —>
Capsule ;2—> Python s 2 , LfR7748% (void *). Capsule H g H C APL RGN, H
" AR At Python X5 —ERy i . %, FATAIDASEE — A9 R a2 25 [ 4 5. HLAh g AR
A AR, PRBOX A2 FIME, A5 Capsule ZREURE .

Capsule nJ DA Z #7730 C APL 459 AR . 31~ ek B0n] DAJT H CF) Capsule, s T C API 4t
I DAFARE— DR L, B PR A7 45 Capsule. FEEERIZRIGEREH BRI A ZF007 5K, BE& Pt
iR

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

WAL, Capsule I T2 C APL, HA 7 VAR 06 a0 H ALY :

modulename.attributename

fEF K%L PyCapsule_Import () AIPAJT R AdE 1L Capsule $#2{f) C API, {{fE Capsule {44 5 VLHL
e XAMT R C APL 0 T BE R 2 MR BAIE R 9 C APL,

QTR BT R TR SRR i S AR I Tk, 8 TR R R . A7 A C API 4
B BT A A FE void fREHIAALIE, FHAEHARAE D Capsule. X R ARHL SCAFR AL T 2R A BE
FABBANGI C APL 5415 & P b LG 2AE M) C APT R X2 R

SHAEHEN H spam B, R EH—/ - Layp T BE. B spam. system () AEHZEIHH C ER
B system() , H— K% PySpam_System () & HTTIHA, MRS L&A Z4 2L (1 448 I "spam™
FEAmL). R PySpam_System () HaSHAHALY b,

B PySpam_System () 524l C %, A0 static g Abih 5 AREE:

static int
PySpam_System (const char *command)
{

return system(command) ;

}

PR spam_system () FRANR & ek:

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

const char *command;

int sts;

if (!PyArg_ParseTuple(args, "s", &command))

Q3
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return NULL;
sts = PySpam_System (command) ;
return PyLong_FromLong(sts);

RIS, FE AT )G

#include <Python.h>

A A PiAT

#define SPAM_MODULE
#include "spammodule.h"

#define JPTHACK SFF RO G AR, AR Pk, &A&, BHHIHI IR 1L Bb i
FEWIHAIE C AP #5451 44

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;

R PySpam_API FHN static ; HAMEEEZHSTE PyInit_spam () 45 GHK!
3k spammodule . h BR—HELHE, FHiERW TR

#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 */

(Faksn
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#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 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) */

B P it A B b Z5UAE L AT) A A R 50 $ T R BR B import _spam () (& H AR ) A BB U7 ) 66 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;

RATTIAR ERB e, SO spammodule . h id TAZ. MR, XA EEF AR AL, EALTH A
1, BreA R EeE ] —ik.
e 5 B BE Y2 Capsule 420t T HUSNKIIRE, T 77 6#1E Capsule HLF$5 59 A7 2> BCAIRETL . 2

4722 Python/C APl %% F-JJ} 1 Z 5T capsules 1 Capsule [ 33 (£ Python JE A% &% 471 Include/
pycapsule.h fil Objects/pycapsule.c).
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22 HENY RER: #HiE

Python fL¥F 45 C 4 AL E U n] AN Python fURSH B FTRA, XMRBANERY str FI List KA,
BT 3 2R B AR AR i — X, (RAEROT IR AT, B2 T — 2807y . X SUPH@xtix A
A

2.2.1 Eiif

CPython SEFTHTHTA Python XI4HLJy# pyobject* fAfk, BIFTAT Python X" A",
pyObject ZHifAAEH @ T AFGureference count MIXFG" FTRAF G . FIR Gl & R 5 2
WL (C) BB, B NRPERS X%, AT, Sk SRR B C AR
Sy “HEE

FROA, IR SRR A, 75 IR %A .

X EFE LB G TR, XN/ MEESEEER R, ST HZEBI Custom 7E C ¥
Pkt custom H.,

TR XN I e & X static 3 RIS G I . FIDAIE &R g . C APT AT DAE LAEHE
AR EEAL, (] PyType_FromSpec () BEL, HATEARATTHEIE.

#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 = "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) ;

QS
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(£ L£50)

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

}

return m;

}

KRR Gy H, X2l TR E—FERe e Lo XA Sefe LT =5
1. Custom ZEHIXT4 object f1 5 T 1 CustomObject 454, X4 M) Custom SEF4HE—IK .

2. Customtype [T X2 CustomType 541K, HE T —HERRRMBREERET, SAR MR
HER B BAT

3. #E4L custom fEHL: PyInit_custom ERECHINT N ) cust ommodule EH{A .,
SN —PU2

typedef struct {
PyObject_HEAD
} CustomObiject;

K2 AN H 8 U Z T ). PyObject HEAD Jg i il BoR MIAEREA X R L5k 2 7T, FHPAE
— KAk pyObject WIFEIN ob_base , & T — M HREHE 2B S A —A5 ] T4 GX AT A
% Py_REFCNT fll Py_TYPE KIX4M). FZRMMG, HAMINE AT AH RS E.

MR YEEAEZ PyObject _HEAD [ A /5. BINSIMA T2 FEES RN H .

MR, XGER THE PyObject _HEAD fEig% A, ISA BN Hlan, a0 LT FrUERT Python 7 55
.

typedef struct {
PyObject_HEAD
double ob_fval;
} PyFloatObject;

AR I R Y E S

static PyTypeObject CustomType = {
PyVarObject_HEAD_INIT (NULL, 0)
.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

TR HEEF AN L CO9 WAk MRl a1, PAESRS TR PyTypeobject FB, HHREZZIRATE
B, AT DAE G R T BL E W -

£ object . h HsLkRE Y PyTypeObject HA AN FE LELH) FE. BRI FE2H C %ixdi
LRI, WHBIERA BRI EEN, BRAMREALHEEN].

ek, BR—ITE:

PyVarObject_HEAD_INIT (NULL, O)
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X AT AR, AR IR E AN EER 2 ob_base T

.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 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.

{ifi#:  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 in its __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.

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 = "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) {
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:
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>>> 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.

That wasn’t so hard, was it?

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

¥ ff:  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 setupt ools 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;

} 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;

Q)
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(& b))
}
self->last = PyUnicode_FromString("");
if (self->last == NULL) {
Py_DECREF (self) ;
return NULL;
}
self->number = 0;
}
return (PyObject *) self;
I3
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) ;
3
return 0;
I3
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;
3
if (self->last == NULL) H{
PyErr_SetString (PyExc_AttributeError, "last");
return NULL;
}
return PyUnicode_FromFormat ("$S %S", self->first, self->last);
I3
(N oiakzn)
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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

static PyTypeObject CustomType = {
PyVarObject_HEAD_INIT (NULL, O)
.tp_name = "custom2.Custom",
.tp_doc = "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",
.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:
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typedef struct {
PyObject_HEAD
PyObject *first; /* first name */
PyObject *last; /* last name */
int number;

} CustomObiject;

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.

s 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 t p_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;
}
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
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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 (a.k.a. tp_init in Cor __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
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, "[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,
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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 0 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 £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;

+ 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 % 4
‘572 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))

(N gkzs)

! 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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if (self->first == NULL) {
PyErr_SetString (PyExc_AttributeError, "first");
return NULL;

}

if (self->last == NULL) {
PyErr_SetString (PyExc_AttributeError, "last");
return NULL;

3

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 first and last 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)
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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;

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

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

Cr

[

N

Ei29)
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}

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

}

return 0;

static PyMemberDef Custom_members|[] = {

{"number", T_INT, offsetof (CustomObject, number), O,
"custom number"},

{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) {
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;
3
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->1last);

return self->last;

static int
Custom_setlast (CustomObject *self, PyObject *value, wvoid *closure)
{
PyObject *tmp;
if (value == NULL) {
PyErr_SetString (PyExc_TypeError, "Cannot delete the last attribute");
return -1;
}
if (!PyUnicode_Check (value)) {
PyErr_SetString (PyExc_TypeError,
"The last attribute value must be a string");

QS
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return -1;
}
tmp = self->last;
Py_INCREF (value);
self->last = value;
Py_DECREF (tmp) ;
return 0;

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);

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 = "custom3.Custom",
.tp_doc = "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)

QS
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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 functions for getting and setting the £ irst attribute:

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

Py_INCREF (self->first);

return self->first;

static int
Custom_setfirst (CustomObject *self, PyObject *value, wvoid *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 0;

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 Custom 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

and register it in the tp_getset slot:
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.tp_getset = Custom_getsetters,

The last item in a PyGet SetDe £ structure is the “closure” mentioned above. In this case, we aren’t using a closure,
S0 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 tp_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.

36 Chapter 2. FiERE=#TANETR



Extending and Embedding Python, %4 % 3.9.0b3

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 (1)
>>> 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;

} CustomObject;

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

Py_VISIT (self->first);

Py_VISIT (self->last);

return O;

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

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

CNgkzs)

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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(& b))
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, "|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 O;
}
static PyMemberDef Custom_members|[] = {
{"number", T_INT, offsetof (CustomObject, number), O,
"custom number"},
{NULL} /* Sentinel */
bi
static PyObject *
Custom_getfirst (CustomObject *self, woid *closure)
{
Py_INCREF (self->first);
return self->first;
(N oiakzn)
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static int
Custom_setfirst (CustomObject *self, PyObject *value, wvoid *closure)
{
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;
}
Py_INCREF (value);
Py_CLEAR(self->first);
self->first = value;
return O;

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

Py_INCREF (self->last);

return self->last;

static int
Custom_setlast (CustomObject *self, PyObject *value, void *closure)
{
if (value == NULL) {
PyErr_SetString (PyExc_TypeError, "Cannot delete the last attribute");
return -1;
}
if (!PyUnicode_Check (value)) {
PyErr_SetString (PyExc_TypeError,
"The last attribute value must be a string");
return -1;
}
Py_INCREF (value);
Py_CLEAR(self->last);
self->last = wvalue;
return 0;

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);

static PyMethodDef Custom_methods[] = {
{"name", (PyCFunction) Custom_name, METH_NOARGS,
"Return the name, combining the first and last name"

Hy
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{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) ;
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, void *arg)
{
int vret;
if (self->first) {
vret = visit (self->first, arqg);
if (vret != 0)
return vret;
}
if (self->last) {
vret = visit (self->last, arg);

Ck

TR

40 Chapter 2. RERE=ZFTHEET R




Extending and Embedding Python, %4 % 3.9.0b3

if (vret != 0)
return vret;

}

return 0O;

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 mini-
mize the amount of boilerplate in Custom_traverse:

static int
Custom_traverse (CustomObject *self, visitproc visit, void *arg)
{

Py_VISIT(self->first);

Py_VISIT (self->last);

return 0;

{Ef#: 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 O;

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
again (especially if there is a reference cycle).

{Ef#: 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)
{
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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
PyTypeObject structures between extension modules.

In this example we will create a SubList type that inherits from the built-in 1ist 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 ())

>>> print (s.increment ())

#define PY_SSIZE_T_CLEAN
#include <Python.h>

typedef struct {
PyListObject list;
int state;

} SubListObject;

static PyObject *
SubList_increment (SubListObject *self, PyObject *unused)
{

self->state++;

return PylLong_FromLong (self->state);

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;

(CFogkzk)
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return 0O;

static PyTypeObject SubListType = {
PyVarObject_HEAD_INIT (NULL, 0)

.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;

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 Cust om 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 objectis a SubList instance, its PyObject * pointer can be safely cast toboth PyListObject
* and SubListObject *:

static int
SubList_init (SubListObject *self, PyObject *args, PyObject *kwds)
{

if (PyList_Type.tp_init ((PyObject *) self, args, kwds) < 0)

(N 4kZR)

22. HEMT REE: #iE 43




Extending and Embedding Python, %% 3.9.0b3

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 tp_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 t p_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) ;

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 tpp_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.

23 ELY BRER: EFXE
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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;

CFgkzs)
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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 */
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;

QS
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(£ L£50)

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;

} PyTypeObiject;
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’const char *tp_name; /* For printing */
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’Py_ssize_t tp_basicsize, tp_itemsize; /* For allocation */ ‘
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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);
}

One important requirement of the deallocator function is that it leaves any pending exceptions alone. This is important
since deallocators are frequently called as the interpreter unwinds the Python stack; when the stack is unwound due to
an exception (rather than normal returns), nothing is done to protect the deallocators from seeing that an exception has
already been set. Any actions which a deallocator performs which may cause additional Python code to be executed
may detect that an exception has been set. This can lead to misleading errors from the interpreter. The proper way
to protect against this is to save a pending exception before performing the unsafe action, and restoring it when done.
This can be done using the PyErr_Fetch () and PyErr_Restore () functions:
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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_CallNoArgs (self->my_callback);
if (cbresult == NULL)

PyErr_WriteUnraisable (self->my_callback);
else

Py_DECREF (cbresult);

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

Py_DECREF (self->my_callback);

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

{Ef#: There are limitations to what you can safely do in a deallocator function. First, if your type supports garbage
collection (using tp_traverse and/or tp_clear), some of the object’s members can have been cleared or
finalized by the time tp_dealloc is called. Second, in tp_dealloc, your object is in an unstable state: its
reference count is equal to zero. Any call to a non-trivial object or API (as in the example above) might end up
calling tp_dealloc again, causing a double free and a crash.
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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);
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The tp_str handler is to str () what the tp_repr handler described above is to repr () ; that is, it is called
when Python code calls str () on an instance of your object. Its implementation is very similar to the tp_repr
function, but the resulting string is intended for human consumption. If tp_str is not specified, the tp_repr
handler is used instead.

R AR R BT

static PyObject *
newdatatype_str (newdatatypeobject * obj)
{
return PyUnicode_FromFormat ("Stringified newdatatype{{size:%d}}",
obj—->obj_UnderlyingDatatypePtr->size);

2.3.3 Attribute Management

For every object which can support attributes, the corresponding type must provide the functions that control how the
attributes are resolved. There needs to be a function which can retrieve attributes (if any are defined), and another to
set attributes (if setting attributes is allowed). Removing an attribute is a special case, for which the new value passed
to the handler is NULL.

Python supports two pairs of attribute handlers; a type that supports attributes only needs to implement the functions
for one pair. The difference is that one pair takes the name of the attribute as a char*, while the other accepts a
PyObject *. Each type can use whichever pair makes more sense for the implementation’s convenience.

getattrfunc tp_getattr; /* char * version */
setattrfunc tp_setattr;

/L. xS/

getattrofunc tp_getattro; /* PyObject * version */

setattrofunc tp_setattro;

If accessing attributes of an object is always a simple operation (this will be explained shortly), there are generic
implementations which can be used to provide the PyObject * version of the attribute management functions. The
actual need for type-specific attribute handlers almost completely disappeared starting with Python 2.2, though there
are many examples which have not been updated to use some of the new generic mechanism that is available.

ZERENER

Most extension types only use simple attributes. So, what makes the attributes simple? There are only a couple of
conditions that must be met:

1. The name of the attributes must be known when PyType_Ready () is called.

2. AFEEAFRR A FRIC SR B R A R R, AT AR (R U
TR, ONFRAR R IR R TS 1) SO S et i A Ak =Xt n AR AT B A«
When PyType_Ready () is called, it uses three tables referenced by the type object to create descriptors which
are placed in the dictionary of the type object. Each descriptor controls access to one attribute of the instance object.
Each of the tables is optional; if all three are NULL, instances of the type will only have attributes that are inherited

from their base type, and should leave the tp_getattro and tp_setattro fields NULL as well, allowing the
base type to handle attributes.

FW A object:: AU = AN B

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

If tp_methods is not NULL, it must refer to an array of PyMethodDef structures. Each entry in the table is an
instance of this structure:
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typedef struct PyMethodDef {

const char *ml_name; /* method name */

PyCFunction ml_meth; /* implementation function */
int ml_flags; /* flags */

const char *ml_doc; /* docstring */

} PyMethodDef;

One entry should be defined for each method provided by the type; no entries are needed for methods inherited from
a base type. One additional entry is needed at the end; it is a sentinel that marks the end of the array. The m1_name
field of the sentinel must be NULL.

The second table is used to define attributes which map directly to data stored in the instance. A variety of primitive
C types are supported, and access may be read-only or read-write. The structures in the table are defined as:

typedef struct PyMemberDef {
const char *name;

int type;
int offset;
int flags;

const char *doc;
} PyMemberDef;

For each entry in the table, a descriptor will be constructed and added to the type which will be able to extract a value
from the instance structure. The t ype field should contain one of the type codes defined in the st ructmember.h
header; the value will be used to determine how to convert Python values to and from C values. The f1ags field is
used to store flags which control how the attribute can be accessed.

DA AR & & XA file: * structmember.h *; ‘B4 7] PA{#i B bitwise-OR ZH 4 .

RS =X
READONLY WA S

READ_RESTRICTED Not readable in restricted mode.
WRITE_RESTRICTED | Not writable in restricted mode.

RESTRICTED PRI A, WAE,

An interesting advantage of using the tp_members table to build descriptors that are used at runtime is that any
attribute defined this way can have an associated doc string simply by providing the text in the table. An application
can use the introspection API to retrieve the descriptor from the class object, and get the doc string usingits __doc___
attribute.

As with the tp_methods table, a sentinel entry with a name value of NULL is required.

Type-specific Attribute Management

For simplicity, only the char* version will be demonstrated here; the type of the name parameter is the only differ-
ence between the char* and PyObject* flavors of the interface. This example effectively does the same thing
as the generic example above, but does not use the generic support added in Python 2.2. It explains how the handler
functions are called, so that if you do need to extend their functionality, you’ll understand what needs to be done.

The tp_getattr handler is called when the object requires an attribute look-up. It is called in the same situations
where the __getattr__ () method of a class would be called.

Here is an example:

static PyObject *
newdatatype_getattr (newdatatypeobject *obj, char *name)
{
if (strcmp(name, "data") == 0)
{
return PyLong_FromLong (obj->data) ;

Q)
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(& b))
3
PyErr_Format (PyExc_AttributeError,
"'$.50s' object has no attribute '%.400s'",
tp->tp_name, name);
return NULL;
I3
The tp_setattr handleris called whenthe __setattr__ () or__delattr__ () method of a class instance

would be called. When an attribute should be deleted, the third parameter will be NULL. Here is an example that
simply raises an exception; if this were really all you wanted, the t p_setatt r handler should be set to NULL.

static int

newdatatype_setattr (newdatatypeobject *obj, char *name, PyObject *v)

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

2.3.4 Object Comparison

richcmpfunc tp_richcompare;

The tp_richcompare handler is called when comparisons are needed. It is analogous to the
rich comparison methods, like __ 1t__ (), and also called by PyObject_RichCompare () and
PyObject_RichCompareBool ().

This function is called with two Python objects and the operator as arguments, where the operator is one of Py_EQ,
Py_NE,Py_LE,Py_GT,Py_LTor Py_GT. It should compare the two objects with respect to the specified operator
and return Py_True or Py_False if the comparison is successful, Py_NotImplemented to indicate that
comparison is not implemented and the other object’s comparison method should be tried, or NULL if an exception
was set.

Here is a sample implementation, for a datatype that is considered equal if the size of an internal pointer is equal:

static PyObject *
newdatatype_richcmp (PyObject *objl, PyObject *obj2, int op)
{

PyObject *result;

int c, sizel, size2;

/* code to make sure that both arguments are of type
newdatatype omitted */

sizel = objl->obj_UnderlyingDatatypePtr->size;
size2 = obj2->o0bj_UnderlyingDatatypePtr->size;

switch (op) {

case Py_LT: c = sizel < size2; break;
case Py_LE: c = sizel <= size2; break;
case Py_EQ: c = sizel == size2; break;
case Py_NE: c = sizel != size2; break;
case Py_GT: c = sizel > size2; break;
case Py_GE: c = sizel >= size2; break;

}

result = ¢ ? Py_True : Py_False;
Py_INCREF (result);

return result;
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2.3.5 Abstract Protocol Support

Python supports a variety of abstract *protocols;’ the specific interfaces provided to use these interfaces are docu-
mented in abstract.

A number of these abstract interfaces were defined early in the development of the Python implementation. In par-
ticular, the number, mapping, and sequence protocols have been part of Python since the beginning. Other protocols
have been added over time. For protocols which depend on several handler routines from the type implementation,
the older protocols have been defined as optional blocks of handlers referenced by the type object. For newer pro-
tocols there are additional slots in the main type object, with a flag bit being set to indicate that the slots are present
and should be checked by the interpreter. (The flag bit does not indicate that the slot values are non-NULL. The flag
may be set to indicate the presence of a slot, but a slot may still be unfilled.)

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

If you wish your object to be able to act like a number, a sequence, or a mapping object, then you place the address of a
structure that implements the C type PyNumberMethods, PySequenceMethods, or PyMappingMethods,
respectively. It is up to you to fill in this structure with appropriate values. You can find examples of the use of each
of these in the Objects directory of the Python source distribution.

hashfunc tp_hash;

This function, if you choose to provide it, should return a hash number for an instance of your data type. Here is a
simple example:

static Py_hash_t
newdatatype_hash (newdatatypeobject *obj)

{
Py_hash_t result;

result = obj->some_size + 32767 * obj->some_number;
if (result == -1)
result = -2;

return result;

Py_hash_t is a signed integer type with a platform-varying width. Returning —1 from tp_hash indicates an
error, which is why you should be careful to avoid returning it when hash computation is successful, as seen above.

ternaryfunc tp_call;

This function is called when an instance of your data type is "called”, for example, if obj1 is an instance of your
data type and the Python script contains obj1 ('hello'), the tp_call handler is invoked.

This function takes three arguments:

1. self is the instance of the data type which is the subject of the call. If the callis obj1 ('hello"'), then self
is obj 1.
2. args is a tuple containing the arguments to the call. You can use PyArg_ParseTuple () to extract the

arguments.

3. kwds is a dictionary of keyword arguments that were passed. If this is non-NULL and you support keyword
arguments, use PyArg_ParseTupleAndKeywords () to extract the arguments. If you do not want to
support keyword arguments and this is non-NULL, raise a TypeError with a message saying that keyword
arguments are not supported.

Here is a toy t p_call implementation:

static PyObject *
newdatatype_call (newdatatypeobject *self, PyObject *args, PyObject *kwds)
{

Q)

23. BN REE: ESXEH 51




Extending and Embedding Python, %% 3.9.0b3

PyObject *result;
const char *argl;
const char *arg2;
const char *arg3;

if (!PyArg_ParseTuple(args, "sss:call", &argl, &argz2, &arg3)) A
return NULL;
}

result = PyUnicode_FromFormat (
"Returning —-- value: [%d] argl: [%s] arg2: [%s] arg3: [%s]\n",
obj->obj_UnderlyingDatatypePtr->size,
argl, arg2, arg3);

return result;

/* Iterators */
getiterfunc tp_iter;
iternextfunc tp_iternext;

These functions provide support for the iterator protocol. Both handlers take exactly one parameter, the instance for
which they are being called, and return a new reference. In the case of an error, they should set an exception and
return NULL. tp_1iter corresponds to the Python __iter__ () method, while tp_iternext corresponds to
the Python __next__ () method.

Any iterable object must implement the tp_1iter handler, which must return an iterator object. Here the same
guidelines apply as for Python classes:

* For collections (such as lists and tuples) which can support multiple independent iterators, a new iterator should
be created and returned by each call to tp_iter.

¢ Objects which can only be iterated over once (usually due to side effects of iteration, such as file objects) can
implement tp_1iter by returning a new reference to themselves -- and should also therefore implement the
tp_iternext handler.

Any iterator object should implement both tp_iter and tp_iternext. Aniterator’s tp_iter handler should
return a new reference to the iterator. Its tp_iternext handler should return a new reference to the next object in
the iteration, if there is one. If the iteration has reached the end, tp_iternext may return NULL without setting an
exception, or it may set StopIteration in addition to returning NULL; avoiding the exception can yield slightly
better performance. If an actual error occurs, tp_1iternext should always set an exception and return NULL.

2.3.6 Weak Reference Support

One of the goals of Python’s weak reference implementation is to allow any type to participate in the weak reference
mechanism without incurring the overhead on performance-critical objects (such as numbers).

Z U

Documentation for the weak re f module.

For an object to be weakly referencable, the extension type must do two things:

1. Include a PyObject * field in the C object structure dedicated to the weak reference mechanism. The object’s
constructor should leave it NULL (which is automatic when using the default tp_alloc).

2. Setthe tp_weaklistoffset type member to the offset of the aforementioned field in the C object struc-
ture, so that the interpreter knows how to access and modify that field.

Concretely, here is how a trivial object structure would be augmented with the required field:

typedef struct {
PyObject_HEAD
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PyObject *weakreflist; /* List of weak references */
} TrivialObiject;

And the corresponding member in the statically-declared type object:

static PyTypeObject TrivialType = {
PyVarObject_HEAD_INIT (NULL, O)
/* ... other members omitted for brevity ... */
.tp_weaklistoffset = offsetof(TrivialObject, weakreflist),
bi

The only further addition is that tp_dealloc needs to clear any weak references (by calling
PyObject_ClearWeakRefs ()) if the field is non-NULL:

static void
Trivial_dealloc(TrivialObject *self)
{

/* Clear weakrefs first before calling any destructors */

if (self->weakreflist != NULL)
PyObject_ClearWeakRefs ( (PyObject *) self);
/* ... remainder of destruction code omitted for brevity ... */

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

2.3.7 EZEWN

In order to learn how to implement any specific method for your new data type, get the CPython source code.
Go to the Objects directory, then search the C source files for tp_ plus the function you want (for example,
tp_richcompare). You will find examples of the function you want to implement.

When you need to verify that an object is a concrete instance of the type you are implementing, use the
PyObject_TypeCheck () function. A sample of its use might be something like the following:

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

}

S

F#% CPython JR{CHRAS .  https://www.python.org/downloads/source/
GitHub | J% CPython J#fCi%1) CPython JiiH .  https://github.com/python/cpython

24 BB CIC++ V'R

—~ CPython /) C " fre@— L (Bla—> Linux _ERY . so , 23 Windows ERY .pyd), HaGl
—A s AL

HT A, EFEWIAE PYTHONPATH AR, HOAF A B A7, Ea@E L my . 4aH
distutils i}, 2% H 228 BUOERR IR SCE4

HI G A R A PR B AT
PyObject* PyInit_modulename (void)
TRRR AR [ SEFE RN AR AT AU, B{—A~ PyModuleDef 5ifi]. # % initializing-modules | fif 224175 .

ST ASCI 4 tE s 42, BREULAIE PyInit_<modulename> , $f <modulename> i Akt
(45 24§ f] multi-phase-initialization i, FRVFHFHIE ASCIT 4nfs B4 . LR b Ak R B0 42 702
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PyInitU_<modulename> , [fij <modulename> F5%LH Python f] punycode 9t , HEF S5 L]
2. 1r Python Hi:

def initfunc_name (name) :

try:
suffix = b'_' + name.encode('ascii')
except UnicodeEncodeError:
suffix = b'U_' + name.encode ('punycode') .replace(b'-"', b'_")

return b'PyInit' + suffix

A PATE— AR S 2 AR, il E LA T A5 A S iR A A
e, PRI AR TS R R S B R 7 —A B 2aY S Ak FYY, fE PEP 489 T
[TEEZNEP

241 (&M distutils {93 C #1 C++ ¥ @
YRR E AT DA A distutils SRAEE, iXJ2 Python Har. distutils 137 FpEE IR, B LT RIES
distutils G RELEEY 2,

—A~ distutils AT —PIKBIHIA setup. py o X4 Python 3L, KZ B RILR T HL, HiEAK
LU

from distutils.core import setup, Extension

modulel = Extension('demo',
sources = ['demo.c'])
setup (name = 'PackageName',
version = '1.0",

description = 'This is a demo package',
ext_modules = [modulel])

WL setup.py , MM demo. e, BfTHIT

python setup.py build

X2YEE demo. ¢, RIGTAE— AT BB demo 7EH Sk build B, KT RS, B SCHFSE
HEATHFRFE U build/1lib. system , ZFA[fE2 demo.so B demo.pyd .

FECMF setup.py B, FPASIERA DY setup B xR AR 2 R R R v S8, B
T E R T — 74 FRRITREE Z 0T E THRERIUEE, AREE TENE. B
ML EIEL DB, WiR Python RYJFRASEIHL . OB, T4 . 5S4 distutils fY3CRY, 7E distutils-index
KT RHEZ distutils PRFPE; AT AR H BT ER 2

HH OB S setup (), MBI I A, F a0 b3l ¥ K setup () 11
ext_modules Z¥2& —F| ¥ A, A2 Extension R HlFHmSEBlE LT R
44~ demo , MIE—FEIE LM E demo. ¢ o

WL, W RAERNL , FHEAIMYIAL B g SCRIPE . 417 )1 Jfs T X2t

from distutils.core import setup, Extension

modulel = Extension('demo',

define_macros = [ ('MAJOR_VERSION', '1"),
("MINOR_VERSION', '0')],

include_dirs = ['/usr/local/include'],
libraries = ['tcl83'],
library_dirs = ['/usr/local/lib'],
sources = ['demo.c'])

setup (name = 'PackageName',

Q)
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(22 B30
version = '1.0",
description = 'This is a demo package',
author = '"Martin v. Loewis',
author_email = 'martin@v.loewis.de',
url = 'https://docs.python.org/extending/building’',

long_description = """
This is really just a demo package.

[
’

ext_modules = [modulel])

BT K%L setup () R BOMER TOCE S, BIEF LM UMWERNNE. XY R, Hig
E T AL AR E S, include H3%, PEHSE, FE. HOBIT 4ids, distutils i 2 A M (5 B 4 i
#ro BIWIE Unix b, SERGZATE Sk 2

gcc -DNDEBUG —-g -03 -Wall -Wstrict-prototypes —-fPIC -DMAJOR_VERSION=1 -DMINOR_
< VERSION=0 -I/usr/local/include -I/usr/local/include/python2.2 -c demo.c -o build/
—temp.linux-1686-2.2/demo.o

gcc —-shared build/temp.linux-1686-2.2/demo.o -L/usr/local/lib -1tcl83 -o build/lib.
—1linux-1686-2.2/demo.so

AT RSN TR H Y distutils J %A (F distutils BEIERRTR .

2.4.2 HHIREYY RARIR

B RE LIPS, A =M AR E .
IR A Pl AR, W DA 20817

’python setup.py install

BRGNS ;. RSl AIsA T

’python setup.py sdist

HUENT, TR A B AL S RN S if MANIFEST.in SCPFSCEL, £ % manifest |
RN

QERRRD 2 AT RN A, AEd e nT AR BRI A AT . Bk T RS, U e hig—4
] DA R 58 MUEAT: 55

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

2.5 £ Windows F&miZ Cf1 C++ @

This chapter briefly explains how to create a Windows extension module for Python using Microsoft Visual C++, and
follows with more detailed background information on how it works. The explanatory material is useful for both the
Windows programmer learning to build Python extensions and the Unix programmer interested in producing software
which can be successfully built on both Unix and Windows.

Module authors are encouraged to use the distutils approach for building extension modules, instead of the one
described in this section. You will still need the C compiler that was used to build Python; typically Microsoft Visual
CH++.
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{Efif: This chapter mentions a number of filenames that include an encoded Python version number. These filenames
are represented with the version number shown as XY; in practice, ' X' will be the major version number and 'Y
will be the minor version number of the Python release you're working with. For example, if you are using Python
2.2.1, XY will actually be 22.

2.5.1 A Cookbook Approach

There are two approaches to building extension modules on Windows, just as there are on Unix: use the distutils
package to control the build process, or do things manually. The distutils approach works well for most extensions;
documentation on using distutils to build and package extension modules is available in distutils-index. If you
find you really need to do things manually, it may be instructive to study the project file for the winsound standard
library module.

2.5.2 Differences Between Unix and Windows

Unix and Windows use completely different paradigms for run-time loading of code. Before you try to build a module
that can be dynamically loaded, be aware of how your system works.

In Unix, a shared object (. so) file contains code to be used by the program, and also the names of functions and
data that it expects to find in the program. When the file is joined to the program, all references to those functions
and data in the file’s code are changed to point to the actual locations in the program where the functions and data
are placed in memory. This is basically a link operation.

In Windows, a dynamic-link library (. d11) file has no dangling references. Instead, an access to functions or data
goes through a lookup table. So the DLL code does not have to be fixed up at runtime to refer to the program’s
memory; instead, the code already uses the DLL’s lookup table, and the lookup table is modified at runtime to point
to the functions and data.

In Unix, there is only one type of library file ( . a) which contains code from several object files (. o). During the link
step to create a shared object file (. so), the linker may find that it doesn’t know where an identifier is defined. The
linker will look for it in the object files in the libraries; if it finds it, it will include all the code from that object file.

In Windows, there are two types of library, a static library and an import library (both called . 1ib). A static library
is like a Unix . a file; it contains code to be included as necessary. An import library is basically used only to reassure
the linker that a certain identifier is legal, and will be present in the program when the DLL is loaded. So the linker
uses the information from the import library to build the lookup table for using identifiers that are not included in the
DLL. When an application or a DLL is linked, an import library may be generated, which will need to be used for
all future DLLs that depend on the symbols in the application or DLL.

Suppose you are building two dynamic-load modules, B and C, which should share another block of code A. On
Unix, you would not pass A . a to the linker for B. so and C . so; that would cause it to be included twice, so that B
and C would each have their own copy. In Win