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CHAPTER 2

MERE=ATIEREIZY R

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

2.1 ) C g C++ #E3t Python

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

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

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

f#[E): The C extension interface is specific to CPython, and extension modules do not work on other Python implemen-
tations. In many cases, it is possible to avoid writing C extensions and preserve portability to other implementations. For
example, if your use case is calling C library functions or system calls, you should consider using the ct ypes module
or the cffi library rather than writing custom C code. These modules let you write Python code to interface with C code
and are more portable between implementations of Python than writing and compiling a C extension module.

211 —NEBEBF

EFRATEIE— AN R spam (Monty Python ¥ 22 I 3 R 4 -+-) H HARZAEEXT Y. C R system ()
1) Python £ 1 o XA BRI — DA null 25 B FATAR S BT IR o] — AL, FRAT17 BT AFE Python H LA
W77 3R A B R

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

!B 1 B AAERRIERIE os BT, ik BUYE AN BT ELAEA 6



https://cffi.readthedocs.org

Extending and Embedding Python, %([F] 3.6.12

B E#—A spammodule.c 3CfF. (4 L, AR —AHERM spam, WX SEHER C M
spammodule. c; AR MERS TR, Ll spammi £y, MIXAMEHE) SCAFRAT A M spammify . c.)

The first line of our file can be:

#include <Python.h>

X2 A Python APL (BISRAREN, ARATATEIX HLAS AR H AR FUBALE BB .

f#(E): T Python W] B4y SR REAE R L R G5 R ma bRl Sk SO T BEAS 1 3, TR LR A S AT Al hiafe
LI Z B, R LIRS Python h.

A 7E Python . h HgE LM ] WWHIAF S #0EA Py 50 PY HiZH, CAERRMESL SO e SCRIBLE R Ah . 5
FIMERM:, kT HAE Python f#Rgs ) 12, "Python.h" i & T —pRHEL U <stdio.h>,
<string.h>, <errno.h> fll <stdlib.h>, R GH KL CHERN RS LAGE, ERSHEFHE
$malloc(), free() fl realloc ().

TNHEEIN C BREENY R, M spam. system (string) WEMURIEE, GRATMESEZRITEN):

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);

}

HANBEEMFESEG RO GO, PR "1s -1") BB 8 C R SE. C RS Z2HWA
ZH, WE /TS self Flargs .

XLRE PREL, self ZRHRTBBSR ;R TRF GBI 15 535

args ZHRAG1H—> Python [ tuple XM G455, HH W& SH. &4 wple WX —NMAN S, XS
e 4= ¥ 2 Python X R—EAEFA TR C bR B0 o 1 E TR 2 50F5 Hofe 45y C . Python APT H i e L
PyArg_ParseTuple () S ASHRMIR A CH. EHUABMR AT H Bl E 7 2N S HE B K
Pt (A C A2 & Eﬁﬁo Rl

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

2.1.2 XFHRHNFE

An important convention throughout the Python interpreter is the following: when a function fails, it should set an ex-
ception condition and return an error value (usually a NULL pointer). Exceptions are stored in a static global variable
inside the interpreter; if this variable is NULL no exception has occurred. A second global variable stores the [ associated
value ] of the exception (the second argument to raise). A third variable contains the stack traceback in case the error
originated in Python code. These three variables are the C equivalents of the result in Python of sys.exc_info ()
(see the section on module sy s in the Python Library Reference). It is important to know about them to understand how
errors are passed around.

6 Chapter 2. FERE=HTANRYE
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Python AP H g LT — S8R BOR IR ELX S8 e

B ¥ JH 9 2 PyErr_setString (). M MR 7 H M R M C ﬁ% AR — 2R
PyExc ZeroDivisionError XK E X A%, C FAF IS lﬁ%""ﬁ@, B, FH ¥ —~ Python &

FEERR GAFRE R T ORI

=G AR REGE PyErr_SetFromErrno () , (UEZ—PRENE, REHAEEAEERE R errno
W, il R R GA /& PyErr_SetObject () @/‘Wi/\ﬁ%ﬁ AR SR RS IR . VRN TREAE
H Py_INCREF () ﬂéiﬁuf?@éﬂﬁmnﬁ&m%éﬁm%ﬁ%IH%Ifrﬁz

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

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.

(FERLEF DL, B SRS R e PyEre_* () BRECA IR A AR, I HAEX 2L i
Je ] AR o (ERH IR — RO, e AN B #T B2 R RIEN(E B R REHRIES
Hh ol s PR i 2 K )

AL Z W bl — SR RO L T i B R, R AP AGE A R PyErr_Clear () IR H R .
Cﬁﬁ%f”i‘lﬁﬂﬂ PyErr_Clear () WMME—IHOL 2R E T?“.ﬁh’%ﬁm%é"ﬁ@ﬁ%&ﬁﬁ%ﬁ%%ﬂﬂEEBELI‘IETZ
(T RE R 2 M i, ﬁ%fﬁi‘%?&ﬁtﬂ‘?&) .

R KM malloc () P8 M HN—F4. malloc () (8 realloc () ) A ELIZE H & 2200 H H

PyErr_NoMemory () HiR [P iRMKHER. FTAXT S 018 EE (Fli PyLong_FromLong () ) B&AXAM T,
FIEPAX AN R AU T B malloc () ARG,

WEERM R, BRT PyArg_ParseTuple () SFEERYHISL, 1R[] B AR A 14 R H5CHE 1R A2 1k (] 15 {5l
LRI, MPA -1 FoRKMe, nfF] Unix RGEHR—F.

B, MARR AN RS s g B Y R B IR GEAC AR E S0 B X4 /T Py_XDECREF () 5
Py_DECREF ( UEJH%).

EEEG WA 75 58 AW TR E 4. Ur A M &R Python 53 FR A XTI 0 fii /5 B C XF 4, fil
i PyExc_ZeroDivisionError, YRAIPAEFEME A EAT. 245K, VRA 24 W8 M e 8 57— A Zfi A
PyExc_TypeError RFE/R— A TLERFT T G KM 1% ]l PyExc_IOError). WIRSHY|FH
i, PyArg_ParseTuple () HREGHETE X5 K PyExc_TypeError, WIRARAE —NSEAELAAL THEE
R 2 N s 2T frﬁ”/@/ﬁ\ﬁﬂ,«#, WS H#H PyExc_ValueError,

PRUALAT AR R AR i SN ME— B o . 75 SR SCPR AR A N sx e, e

static PyObject *SpamError;

and initialize it in your module’ s initialization function (PyInit_spam () ) with an exception object (leaving out the
error checking for now):

PyMODINIT_FUNC
PyInit_spam(void)
{

PyObject *m;

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

(Rt

2.1. L) C & C++ #E 3 Python 7
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(R —H)

SpamError = PyErr_NewException ("spam.error", NULL, NULL);
Py_INCREF (SpamError);

PyModule_AddObject (m, "error", SpamError);

return m;

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

[ REE A2 QIR RAT T spamError (— A5 XA TR N T B LBk i, 75 0] spamError
Wa I 2 O B A

—21HE PyMODINIT_FUNC 1EN R EGR [ 231 1) F ¥
spam.error FiF Al AYEY A H b Il , it PyErr_SetString () EREUMMA, WT:

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

const char *command;

int sts;

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

sts = system(command) ;

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

}

return PyLong_FromLong (sts);

21.3 EEHIF
[ B BT A0, AR %R A

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

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

T—ANEAE ] UNIX R system (), RSB SEOENIA M PyAarg_ParseTuple () Bl

sts = system(command) ;

AW spam. system () PRELLATRE] sts BIMEAEN Python X4 . Xl i i ] %L PyLong_FromLong ()
P 3058

’return PyLong_FromLong (sts) ;

FEXAEOLT , SRl — AR, (X ARG &AE Python L) .

8 Chapter 2. FERE=HTANRYE
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WARAR C BRBQE A A HREHE GRIE] void RED, MAZERE None o (fRA]PA] Py_RETUN_NONE
FERGER):

Py_INCREF (Py_None) ;
return Py_None;

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

2.1.4 ERFGERNIIGCERL

KT R spam_system () WA Python R A o HEER W]y ul PAYE Python i, H2E5E5E L—0r
¥£%¢ ['method table |,

static PyMethodDef SpamMethods[] = {

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

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

HEFE=ASH (METH_VARARGS ) , XMREfgE S BH C A%, W 3¥E(H4f METH_VARARGS
METH_VARARGS | METH_KEYWORDS ., {H 0 fAZE{fif] PyArg_ParseTuple () MIGEIHE &,

TR B ph 6l ) METH_VARARGS , pR #f £ %% fF Python f% 3k tple # X 1) 2 %, H & & 1)
PyArg_ParseTuple () #47H#NT.

METH_KEYWORDS {H 3% L4758, XMIEMN T C mArETEEZE =/ PyObject * %%, £RF
WZ%r, ffifl PyArg_ParseTupleAndKeywords () RfEHTH S4K.

AT IRRALITRIIE LTSI -

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

SRR AT 3B 2 PR S AL R IR AL R . D BR AL R B BT 644 0 PyInit_name () , A name j&
*%ﬁ%ﬂﬁ%%, W i%E SChAE static, HARRHSCAEH:

PyMODINIT_FUNC
PyInit_spam(void)
{
return PyModule_Create (&spammodule) ;

}

¥ PyMODINIT_FUNC =0 T pR&/E N PyObject * aR[EIZRAL, mEEMTF-& 0088, PARSS C++
AR extern "C" .

When the Python program imports module spam for the first time, PyInit_spam () is called. (See below for com-
ments about embedding Python.) It calls PyModule_Create (), which returns a module object, and inserts built-in
function objects into the newly created module based upon the table (an array of PyMethodDef structures) found in
the module definition. PyModule_Create () returns a pointer to the module object that it creates. It may abort with

2.1. L) C & C++ #E 3 Python 9
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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.

2k A Python i}, PyInit_spam () EREASHEHNEA, FRAEIE PyImport_Inittab FH . B
HEWIia sz, i PyImport_AppendInittab () , FEERIRE BT A

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

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

}

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

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

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

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

PyImport_ImportModule ("spam");

PyMem_RawFree (program) ;
return 0O;

filEl: M sys.modules HERSLIA R T A C GBS —AUAE R 2 RRESE G fork () M
exec () ) RFE— LY AL B ARG GR . T RAHLEE AT DAYERT R 0 N R KR A A I 4 HH i

22 e TR A B SE A0 9] T4 25 7E Python YRS Modules/xxmodule . c Wi, X EEICPER] DAFRAE/RAGIE
AR, oiE >, A modulator.py U & FEYRND & 4Tk, Windows 235, $2AL T —/ M BAY GUIL, HI%
P IR S BR BR BRI 5, IF BT PAAE A RO . I ASYE Tools/modulator/ H 5% . #r7& README DA
TREHE,

i) AEFRATY spam filF, xxmodule T % i n4s 1L (Python3.5 JFHA5IA), PyInit_spam &R
[i]—~> PyModuleDef £5#4 {4, SR 5 Q12 HUE] T ANLE] . 4017555 PEP 489 [ Z K Bivlihfk.

10 Chapter 2. RERE=FTHREEYT R
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2.1.5 ZmiFfosdis

TEARBEME AR ST 200, AT ZA 3015« ] Python RGeS IFAIEERE . WIRARGEH 2hZSm
B, XEGR TR A EAE R GRS INENLE E 25 B S5 iIFY B ST (i O/C++
FAY), PAKAE Windows | 4iiddas BEMAIIME R (£ Windows -F & %iF C F= C++ I & ).

WA ZhAS N, B8 AL HOR AR 1 Python EREERAY 7Y, BLAATIE L B, I

A RRERS . B2 AE Unix R, HEFZHEARM S ( spammodule . o KBl 7R E 46 RS & 1T
fHY Modules/ HET, WI—47%] Modules/Setup. local RAfiRRAY SO

spam spammodule.o ‘

IRETETIZ H 3KI51T make SRE B RS . IR ATLATE Modules/ 1 H Rl 1] make, H2{RULISEH
f Makefile X, SAJ5iEfT [make Makefile] 4. (MRRFKIBEL Setup SUMHRRTR 2R, )

URAR BT R TR A, X LEAN AT A I AR SR L, 285

spam spammodule.o —-1X11 ‘

2.1.6 7£ C hifFH Python F#

4Rk, Tl EEVERE e Fik Python T C %k, HLSZSEAAARA T, BLE C T Python i
. XAEFHEHOR A . WIS C B BT [, 5 3552 A L

SEEIE, Python RERHE RO (EINIIANY, 344HHE Python s KCHRAL TAFHER: 1. G HLAUR FEMEAMRAT
Python ZE R M AR Tk, AN T DA% Python/pythonmain. c HEY —c a7, )
1] Python Wi KO W26, 76 Python FJ {4 Python MRS, %A IE /R (3H A 1) S8

MY XA A, 42 R B ARAT Python s BN R IIREE, ISER ] (Py_INCREF () RIEINGIHITAL,
BN R RMEAARER . BT, AR KB B B S

static PyObject *my_callback = NULL;

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

PyObject *result = NULL;

PyObject *temp;

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

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

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

}

return result;

}

XA bR BT A A {H ] METH_VARARGS A5 vE M B fERERS, X AEAR e 7 ik A Ao db 10 3 3 BT iR
PyArg_ParseTuple () B KIHSHN SCRITEF BLI B 3 4009 B o

2.1. L) C & C++ #E 3 Python 11
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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]

iRaE &

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

int arg;
PyObject *arglist;
PyObject *result;

arg = 123;

/* Time to call the callback */

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

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

PyObject_CallObject () & [ Python Xf % #§ 4, X o & Python & %t 1 & A fH.
PyObject_CallObject () & —MXHZH [FIHtH LK . FlrHHmcdadi s
535, FHAFE PyObject_CallObiject () ZJE L HM#iH T Py_DECREF () »

PyEval_CallObject () WREMESZ B B AR DHEMXIS; Wa2OAXS, HIEN 5]
Jﬂf(r’iﬂlo FJ)TW\F‘%HME?E%%{%W?EéJ%E%E% IRAR A IXAME ] Py_DECREF (), B pAxst HL it /1
2 (Rl ) AEGHR,

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) ;

M BRI R R R, PRt BRI NSRBI S PyEval_CallObject () o fERUEIGIL T SHUIFE
H1 Python R P4 bfY , I8 1d 3 1 FRA% 2 mIH B BN &R o X PR AR BT U e i . 73 h— LU {2
W — R LAk L SR, IR AR Py_Buildvalue () BREUHIE tuple, 2840011, JREHE
B — AR AT DA A A

PyObject *arglist;

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

VEX Py_DECREF (arglist) FFfEALSSZHIA, FEANRMEEZ Bl BAREEE —LE MR,

Py_BuildvValue () ARESTEIBNFA B ESE,

12 Chapter 2. RERE=FTHREEYT R
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ARV R BT IR TR B, A XS HOA A PyObject_Call () , FRELFFFHSHA XL BFESE. A
g BB, FRAVEH Py_Buildvalue () SRARESAHL,

PyObject *dict;

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

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

2.1.7 R REHHSH

K¥ PyArg_ParseTuple () HIEHIMIF:

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

A arg e — N ICAIN G, A M Python (R4 C RIS RGN . format ZHRL e — Mg F4F
N Python C/API F-fi} 1) arg-parsing. FRSHOEA AL RATHLIL, FE G FRFHRXT I

VER PyArg_ParseTuple () &Gl fh T30 Python SRR AITCIEM L H 4 b il C AR H
X HLHAR T, Tﬁ%%fﬁ\]ﬁ*ﬁﬁm%)\?ﬁ, I

AR A 2 B2 0ERY Python XI55 A # k0951 AZEBE AR HTTHEL!
— L BT

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

int ok;

int i, 3;

long k, 1;

const char *s;
Py_ssize_t size;

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

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

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, &3, &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;

(Rt

2.1. L) C & C++ #E 3 Python 13



Extending and Embedding Python, %([F] 3.6.12

(R —H)

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

f('spam')

f('spam', 'w')

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

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

Py_complex c;

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

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

2.1.8 A RBMHXBF SR

% PyArg_ParseTupleAndKeywords () mAEHANT:

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

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

raises an appropriate exception.

fi(El: B R TTATE S T SR TR AL, ANTE kwlist TR BT SHR T8 TypeError 7,

AR BT i R B SR ) TR, 1135 2 Geoff Philbrick (philbrick @hks.com):

#include "Python.h"

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

int voltage;

char *state = "a stiff";

char *action = "voom";

char *type = "Norwegian Blue";

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

(Rt
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(R —H)

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)keywdarg_parrot, METH_VARARGS | METH_KEYWORDS,
"Print a lovely skit to standard output."},
{NULL, NULL, 0O, NULL} /* sentinel */
bi

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

PyMODINIT_FUNC
PyInit_keywdarg (void)

{
return PyModule_Create (&keywdargmodule) ;

}

2.1.9 MWEERIE

XA RIS PyArg_ParseTuple () RAH{L, FEEAUNF:

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

R — A, 5 PyArg_ParseTuple () M, {EU2ZRbiie Jr A& it 5 5 G A2 s 2K
AR ) o Fe 2R [0~ Python XF4RE &1k 1] C e85 1 45 Python {5

—/~5 PyArg_ParseTuple () WIARIZE, J&EIH A REFGEAYZOKR Bl —4>Jodl (Python ZA LR M EIE1EN
I ICA), HCAN T2 4 oAt Python B BAZS 4. Py_Buildvalue () HAEREMITH, LT
LA UPAT A N A OCAL, A SRR P A AR O 25 R 1] None , —PZHUNE HGR [l X SRR 42
AR EER R HI A AR 0 YoCd, S E e RI e, HEAERUTRF R LS.

BIF CCEMZIM , A2 Python fEE52R):

Py_BuildValue ("") None
Py_Buildvalue ("i", 123) 123
Py_BuildValue ("iii", 123, 456, 789) (123, 456, 789)

(FItkss)
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HEH L5

Py_Buildvalue ("s", "hello") 'hello'
Py_BuildvValue ("y", "hello") b'hello!
Py_Buildvalue ("ss", "hello", "world") ('hello', 'world'")
Py_Buildvalue ("s#", "hello", 4) 'hell'
Py_Buildvalue ("y#", "hello", 4) b'hell!
Py_BuildvValue (" ()") ()
Py_BuildvValue (" (i)", 123) (123,)
Py_Buildvalue (" (ii)", 123, 456) (123, 4506)
Py_BuildvValue (" (i,i)", 123, 456) (123, 4506)
Py_Buildvalue("[i,i]", 123, 4506) [123, 456]
Py_Buildvalue("{s:i,s:1i}",

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

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

2.1.10 5| AVtE

TE CIC++ BT, A7 AT A0 BRI RIS heap 24 H R AT . £ C B, JEdpR%i malloc () fll free ()
KT TE C++ HLZHAE new fil delete SRCHUAHF I TIRE

4 malloc () AN, RZAHER free () BEIEI W AN S, MM free () MHL
FEREL, WRANFRET free O WS FENAAIE, XHANTAERF SR AR ICIE R . X
A Ak MHRX ] — N free O TLAG, 7AM—T48EF BT, WFRMEH malloc () &
RRATF S FEORSE . X FF 464, S5 R T EH ARG RIA, core dump, FREREEA, ALY AT

WA EEAE AR R AR TE— 259 AN DL AR AR L. e An— DR BOR TS T INAFRAS , T 285, SREREIL
WAFBR . BIAE— S0 bR R 8 AT RS XS A A B 2, AR I AR R (] 7 AR

SCTER I ATREONAE , R IS S Ui . XA NAAI, —ESIA, T AR IS T AE ARG )
BRI R A ARSEBAG, T BRAR R SO AR EOR A R AU AT, i AT (SR R 002 A s B8 3t
PREUN A SRR . L, AL ZERE e A, AU AT S Sems o drp/ MU ISR 2

Python i malloc () #l free () WEKBMNAF S BCNIREL, IR 20850 N7 it BT 45 5. ks
W7 51 T A, S ECRR AT A PRI L — TR, VAR B IS X 55 | A S s B 42
S, H5IHTHECH 0 I, RRNREEBAFAENE LT, ST AR T .

F— AR 8 F IR E, NGV EBEE MR BRIk, TR ey ] Aah] AR #
o BB TR PORTE SR free () o 3 MEAUREGEH S NI, SR
FAXE) . SRR C, B IR A SR e, 05 ] RO T AR R AE R SE L (R #E malloc () I
free () MECEFNRY, XMW@ CARMEHERAD. WIFUGH—RE MBI A sk mfcds, E7e
HIRATAE TR T A,

Python i ALEM 5 HITTRCR L, BAeft VORERMEINET, JH ARG | FIPERR. X (A5 I Jo /5 1H0 B e o)
R TORERT N, 5| THBIRCER — D53 . SIIRIE N G (TREEE) 1511 TA L, FrPA
TEER A AGEE XTI 5 TR A 0o ML | VTR BT AL T35 | AR ER PR 5, B8 B SR
ICIVELRSE S SR e (FEAN VO D

PEERERIM 25 T DA I B AGER I I g AR T HasfTHRES (collect () %D , T H. AT ATEIS
AT AL AE FARIAS o TR ZR A ME v B2, BOA RS, tr] DATEREI 2R, #F Unix P& (2
i Mac OS X) fifif} -—without-cycle-gc #EMiF| configure A . WRMEIALIMZFHEEH , gc Bk
ARATH T .
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Python shy5| Hit4k

AWi~% Py_INCREF (x) #ll Py_DECREF ( Mﬂ%[ﬂ%fr%&mi‘ﬂ Py_DECREF () H&7E5]| HiT4L%
ik O HPREHON 42 . ﬁTi{ﬁ HAR Aﬁﬁﬂﬁa free ( RRIP=SiiEUpsE JiUESilRsy %Eﬁﬁﬂ'ﬁ’ﬁﬂéﬂ%ﬁ%o HT
AN H ) AR, ARSI EHA—ANR 10 E %%ﬂxﬁ%@%ﬁﬁ

KA A BRI - B ] Py_INCREF (x) Ml Py_DECREF (x) 7 ATE LIS, W Al #4 ]
— XS, RATRA A H — A?IW@J*AXT%! ~/\X1‘%Eﬁ%|)ﬂﬁ§&m>d7%ﬁ SUAMECE. SIUHMHEE
HIALW M Py_DECREF () , FE5|I AR BN . 5IHIA KR ARH L. A =FhIpdk A& WA 15
ik, 7. A Py_DECREF<> o it E A WSS BN .

WRIDA 45 A2 — ARG . (S5 AR %A H Py_DECREF () . f & MR GER A X St
YA FAS R . AR &AL B S G A 5 A R, NiZseaitsn’ .

AR T 5L AR AR e R LB AR AR ARSI, BB UL, o i AR TC 7 1H0 PR i 1 X
o A BBk e — LU AR IR A AU ) £5 ﬂﬁ%%ﬁ%ﬁ%&iﬁ)ﬁﬁﬁﬁﬁ %o

NPT AZE AT AT, @ ad ] Py _INCREF () . SO L 2o A RS . X [l 1>
MHIASIH, HETRERa#ETT E(%ﬁﬂ’]i‘ﬂ%ﬁ%ﬁfﬂ"é‘uﬂ’]&.ﬁ%[ﬂi WUBZ BRI ERER) -

HAEAN

B ARG LS — ROy, R R D AR E A R AR R T .

KZEZHEBGRE — DX 25 1, 9?1? SIRAE X R, WE, g a8 2n w6
PyLong_FromLong () fl Py_Buildvalue () , &E A X R2AEIE. IEERNE2ARARZEIEHT,
1/J\U3%ﬁfl%é’ﬂ%ﬁ%‘i%%ﬁ§|ﬂﬁo —A 2 PyLOHg_FromLol’lg() egp T —MNRATIEZAE, FFAT AR A
A H G .

W2 — DX ERIT R E, Bty KR, FlU PyObject_GetAttrString() . iX
BRI A EW, — AN KA A B G R 2 B S8 E PyTuple_GetItem() , PyList_GetItem() ,
PyDict_GetItem() , PyDict_GetItemString () #SEREIMICH . FF. FHEAEHKE]H .

PREL PyImport_AddModule () & kEME HEIEIH, BHMA T e R AP S: XA 6 A — 4
HH5 HX S RAAAETE sys . modules H,

MRAGHE— DX Z G R 7 — AR E), Gl RS . IR TR AT, M Py_INCREF () 3k
AWML A E . XA EZENHISN: PyTuple_SetItem() fll PyList_SetItem() . X4k
I?&ﬁéxﬁ%kﬂéﬂﬁ%‘lﬂ%f%, Wha £k ! (R PyDict_SetItem( &Elﬂ%%%fﬁ%wﬁﬁé%, A
21 EErNl)

Y~ C e Kt Python I, MR Ir RIS RS M50 MAEIAXIRNTI, oA ms]
JH A= g LI AT DAGRAIE S R Bl 1] o S5 ) 5 | 76 2T A Ay, s O A 95 1, dad i

H Py_INCREF () .

PYthonﬂH%/\}\C PREIGR [ X 525 | I AU A 15 U —I0A R A R B 2 25 3

AiE] G —ABUHRAREEIERN: WAEDREE L.
} *ﬁﬁ%lﬂ%ﬁ%&f&"ﬁﬂ LBATH, 5B S T UM 2R AT, FA TR S BT A -

2.1. L) C & C++ #E 3 Python 17



Extending and Embedding Python, %([F] 3.6.12

e B K
AORHLT, BHBGIHAERRICE, HAN SRR, Xl R R, Il sE
FHIIA F AL EX AT

T SR HNE R DL N Py_DECREF () B|—ANJERXG, WX AXE g5 R 3 — Mo
Ho BB

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

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

A S —ANE I 1ist[0] , RJE# M 1ist[1] HE 0, BEITEMEHMEIH. BlRELER
e, HAIARE.

BATRER TR PyList_SetItem() . FIERIMAGETIH THIA MG, FroAYM G 1 g, st
DAL EJFEOR AR 1. BIEGRIFOR AR 12 P RSB, AR ZE N T __del_ () Fik,
WRX A LB TR 1, AP ESERSTHH __del () Fik,

WESR 2 Python B[y, __del_ () FER PAPATAER Python U5, 2B THETE bug () 1Y item JF1EG|HE,
. BIRY)FAEHE] bug () &8 __del () HIEFFFRA, #LAT APAT—1EARSEH del 1ist[0]
GRS R A G — SRR 51, SRS EUREONAE, NS item LR,

ORI, ARANE T AR, A S T WG TR IERR AR B R AR AT

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

Py_INCREF (item) ;
PyList_SetItem(list, 1, PyLong_FromLong (0L));
PyObject_Print (item, stdout, 0);
Py DECREF (item) ;
i

KRN EER . — N HRAR Y Python A5 13X~ bug pASF, 1MT—28 AESR T RMTAIE C I8 1
BTN A __del () HEREMK.

XA [ A 55 A O R A S B SR AR Rl . 3B, Python fERERS B AN TC I HE AT T 1 %
7%, FNAENERBERE Python A4 250 . (HA] DA % Py_BEGIN_ALLOW_THREADS il B B
XA, FEHREUEH Py_END_ALLOW_THREADS . il 7 Bl 67 fH %€ /O R FH Ab, (A5 HA R RE ] DAY %%
F5 VO HAME) 6 AL BRER . AR, R RS IR Z HIARAN A —FERY A A :

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! */
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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.

2111 £ C++ PR EY RE

AIDAE C+ o S itk FUSA LR . AR ERET (Python fR#REAR) Jefli ] C 2 iFAS R 418 AN AR
[, &R s ST R A A AR BE R o AR C+ JRIR AR BRI A SRS XA 8. R4 £2 1 Python
EREASVE ) GELH 2B IR LR B0 AR extern "C" o M2 FE extern "C" {...} B{H
Python SKSCPFMIARABAE S, PFUNMIRE L T75 __cplusplus MEZRX AFME T (Irf B C++
SR 2 E SCX M)

2.1.12 459 RIERIZ{E C API

REZY RAHR AL T A s AR 2 B4 Python ], (HA Y AR e BL ) ACAD to n] DAR LA AR (5 A
BN, —AY R AT DASZ I -— MR Tcollection | FHitS 2 A TN . B2 Python 71| 322K80 . 3K C
API S AR HOR A B ZE 51 3, XN EA R DAE —3E C sREUH T45 HAL Y Rt E 42 A .

THEREARR G HH WG R CLfi A static), $RAUASELICE, AR CAPLAYSCR . SEpx
AR Y RS @ F S SR R Python MR REER I L2 AT DUIEH TARRY . AR DASE RGNy, — VA
B 755 SO — AN AT L. n] LAY HOB T BB R G, L8R SEY Python MRREAR B 1] 42 Ry
25 (8] (140 Windows), A7 2L MAEGER N 75 28— I E AT SR (B 752 AIX), sk
A RIS (40 Unix Z851). REERATS e 4 Ryml WA, ARES)E A B ACE o n] B8 i R N2

] RSP TE ZANREXIATS ] WAEMUT A Bl SRR LR A T A 77 S AWl static, BRT
BRI IR R, ekt S 5 HAL Y AR i 44 b 98 (FEBGE A0k 77 ik R A s AL A FPihig) o X EIIR
BT % 5L Rl i HAt 5 7 SR b AR )

Python ${it T —MRFHIHLEI AR AL C JUlfE L (88D, MY REE] S —4>: Capsules, —> Capsule
se— > Python B, LfRAFHE4T (void *). Capsule Hfigiid C APLREIEAMA, (HA] DAMRH A
Python X G —HEMg L. GlH;, FATAT AR E — 9 R R a4 25 A0 24 7o At RSB AT DA AX M6
B, PIXA2FHIE, RIS Capsule ZRIFEEH

Capsule 1] DA ZF007 20t C APL 459 A . & ek B AT B © 1Y Capsule, s firf C APT %l 1A
FAtAE— A L, A hE A A 45 Capsule. (FEAERIIRIGEEHB T AR Z R0, BE%& i i .

MR TIAEC) XU TR 205 0, SXSEBIIEAR BT, RAFIKIATEE TR Z IR T
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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 W AREL0G A0 H ALY :

modulename.attributename

fEF| K% PyCapsule_Import () AJPAKEAYE AT Capsule $2{1Lf) C API, {XAE Capsule 4% VCRCHT .
XANT AR C APT ] FHRAIE T BE R i 8 PR 2 IE B 1) C APLL

W B R TR R S A S R E R RO IR G TR TR R AT C AP 541
W7 A —A) 78 void R AYEELE, FEIH(EAEHy Capsule. R AHIHSL OIS 12 KA B AR
BRAPRHL C APL g4t P b L 5 2R D7 ) C APT i JHaX A~ RIAT

SHAEHEM E spam Bk, KH—A#F2a96) T Bk, A spam.system () A& HETHH C ERE
system() , H—/pF%{ PySpam_System () & HTTRHA, SIRIL P ST ZLLL (FIandsin [spam] 3|4
4). BRI PySpam_System () & SH A HALY R,

PRI PySpam_System () &4l C AL, M static gifg A A 0E::

static int
PySpam_System(const char *command)
{

return system(command) ;

}

PR spam_system () MR B

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

const char *command;

int sts;

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

sts = PySpam_System(command) ;

return PylLong_FromLong (sts);

}

FERBTT Sk, FEMAT S

#include "Python.h"

B ST

#define SPAM_MODULE
#include "spammodule.h"

#define FITH AL U FREALS A FHMESL, MARE Pk, 2, BRI LH 1L R Eun i 5t
WG4k C AP F84 1804

PyMODINIT_FUNC
PyInit_spam(void)
{

PyObject *m;

(F gk
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FEH LR

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 (c_api_object != NULL)
PyModule_AddObject (m, "_C_API", c_api_object);
return m;

7 PySpam_API FHl static ; MAMEE A STE PyInit_spam () G5HJETHK!
St spammodule . h B —He TAE, HEFUT Frn:

#ifndef Py SPAMMODULE_H
#define Py_SPAMMODULE_H
#ifdef cplusplus
extern "C" {

#endif

/* Header file for spammodule */

/* C API functions */

#define PySpam_System NUM 0

#define PySpam_System RETURN int

#define PySpam_System PROTO (const char *command)

/* Total number of C API pointers */

#define PySpam API_pointers 1

#ifdef SPAM_MODULE

/* This section is used when compiling spammodule.c */

static PySpam_System_RETURN PySpam_System PySpam_System_ PROTO;

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

static void **PySpam_ API;

#define PySpam_System \

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

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

static int

import_spam(void)

(F

e

S

n

23]
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HEH L5
{
PySpam_API = (void **)PyCapsule_Import ("spam._C_API", 0);
return (PySpam_API != NULL) ? 0 : -1;
}
#endif

#ifdef __cplusplus
3
#endif

#endif /* !defined(Py_SPAMMODULE_H) */

7 P ity AR B 00 250 AR ) 46 Ak R A0 L 4% 0 R R AR import _spam () (B H Al %) A HE 7 1) eR 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;

}

RXATTIEM LB SR, SO spammodule . h il AR, MR, MR ELF IR EL, BEAGEH R,
PR AR G 2542 —iR

I e T BRI ) 2 Capsule $24E THISMYDIRE, T AE7E Capsule B85 N BCATRE. 477 2%
Python/C API Z:2% FJJ} 32T capsules F1 Capsule (528 (£F Python % & 47H1% Include/pycapsule.h
Fll Objects/pycapsule.c).

%
22 HENT REE: HiE

Python 745 C §"EARHLE ] PAM Python {URS AR B RAL, XMRBNER) str F1 1ist A, i
AP RSB ER R R — B, (RAERTTHRZ B, T2 T — L4y . XA SRR A N4
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2.2.1 Ei

CPython &4 F§ i 47 Python X R#WH N KA Pyobject* WAL HE, HIFTA Python X421 | Rhah 2] .
PyObject ZEMMAA By L5 T X G freference count FIRFGIN 1 RN G 1. BN Gl fRREs 7 2008 WP
$8.(O) %L, Bln— B — DR, — IR, B S S XRANR. iX L C AR (2
Eitly 7

FIPA, ARARAREE ORI eI, R A EOIT R I R

XA AR BTk, X BN — i/ M ESE R RO, 5 ST R SRZUNNA Custom 7 C 7 AR

custom B,

) X BRI VR E X static PR LS )ik, WTPAE & K . C APTWn] DASE X AEHE |
SR RERAL, i PyType_FromSpec () BREL, EAERATTHRITE.

#include <Python.h>

typedef struct {

PyObject_HEAD

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

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

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) ;
PyModule_AddObject (m, "Custom", (PyObject *) &CustomType);
return m;

}

XS RA Ty B, X TR B AR B XSO E T =R
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1. Custom ZEHIX}4 object f1 5 T CustomObject 454y, X2 MAE) Custom SEFSEE—IK .

2. Customtype (4770 XJ& CustomType 451, HE TR R MR BURET, S mfgieds 2%
SRIGHRAE

3. #hEAk custom fEHL: PyInit_custom ERECHINT N Y cust ommodule ZEH{A .
SR

typedef struct {
PyObject_HEAD
} CustomObject;

KA H E XL E ). PyObject HEAD & bil il B3R OAIAE BN &5/ R 2 7T, H DASE X
—ANRAH PyObject BN ob_base , W& T —/MEEHE M R BUG A— A5 8 GX AT DA 22
Py_REFCNT fl Py_TYPE KX, HZZRMG, MM INFEBo] DA R 2

flE): HEEAES PyObject _HEAD AT . BEINRIN 52 FHIRIFRITRN B

IR, MG THE PyObject HEAD fEEEAN, A EIMNEE: Blan, @0F & ST FrifEf) Python 37 SAL:

typedef struct {
PyObject_HEAD
double ob_fval;
} PyFloatObiject;

5B AR BRI S E L

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

bi

fE): RO L CO9 KB IIRIIR L, DA TA ) PyTypeObject FB, HPRZRIFATE X
DAY, R AT DA G 56 T B ST o

& object . h FSLPRE XY PyTypeObject AA WM EESCEZH T B, AN TR C HMixdRNE
RIATE, EHFPIMEA A RAHIEEENT, AR 2 Eq ]

Aok, fR—ATFE:

’ PyVarObject_ HEAD_INIT (NULL, 0)

A2kl iR, AR LA B3R 2 ob_base T

’.tp_name = "custom.Custom",

FATRIRIUA PR S BAEFRA TR R BN SCARFR T AR L AT R, B :

>>> "" + custom.Custom{()
Traceback (most recent call last):

(R
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File "<stdin>", line 1, in <module>
TypeError: can only concatenate str (not "custom.Custom") to str

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

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

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

f#(E):  If you want your type to be subclassable from Python, and your type has the same tp_basicsize as its base
type, you may have problems with multiple inheritance. A Python subclass of your type will have to list your type first 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 t p_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.

PyModule_AddObject (m, "Custom", (PyObject *) &CustomType);

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

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

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

22. BEXLT REE: #HE 25



Extending and Embedding Python, %([F] 3.6.12

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.

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

2.2.2 Adding data and methods to the Basic example

)

Let’ s extend the basic example to add some data and methods. Let’ s also make the type usable as a base class. We
1l create a new module, custom?2 that adds these capabilities:

#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->1last);
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;

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

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 = "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_custom2 (void)
{
PyObject *m;
if (PyType_Ready (&CustomType) < 0)
return NULL;

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

Py_INCREF (&CustomType) ;
PyModule_AddObject (m, "Custom", (PyObject *) &CustomType);
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.
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The object structure is updated accordingly:

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

} CustomObject;

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

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

which is assigned to the tp_dealloc member:

.tp_dealloc = (destructor) Custom_dealloc,

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

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

We want to make sure that the first and last names are initialized to empty strings, so we provide a t p_new implemen-
tation:

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

CustomObject *self;

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

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

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

}
return (PyObject *) self;
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and install it in the tp_new member:

.tp_new = Custom_new,

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

#(F): tp_new shouldn’ tcall 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.

#(F): We didn’ tfill 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.

HiEl: If you are creating a co-operative t p_new (one that calls a base type’ s tp_new or __new__ () ), you must
not try to determine what method to call using method resolution order at runtime. Always statically determine what type
you are going to call, and call its t p_new directly, or via t ype->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) A
tmp = self->first;
Py_INCREF (first);
self->first = first;
Py_XDECREF (tmp) ;

3

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

(R Tgksn)
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Py_INCREF (last);
self->last = last;
Py_XDECREF (tmp) ;

}

return 0O;

by filling the tp_init slot.

.tp_init = (initproc) Custom_init,

The tp_init slotis exposedin Pythonasthe __init__ () method. Itis used to initialize an object after it’ s created.
Initializers always accept positional and keyword arguments, and they should return either 0 on success or —1 on error.

Unlike the tp_new handler, there is no guarantee that tp_init is called at all (for example, the pickle module by
default doesn’ tcall __init__ () on unpickled instances). It can also be called multiple times. Anyone can call the
__init__ () method on our objects. For this reason, we have to be extra careful when assigning the new attribute
values. We might be tempted, for example to assign the £irst member like this:

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

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

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

* when we absolutely know that the reference count is greater than 1;

 when we know that deallocation of the object' will neither release the GIL nor cause any calls back into our type’

s code;

¢ when decrementing a reference count in a t p_dealloc handler on a type which doesn’ t support cyclic garbage
collection”.

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

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

bi

and put the definitions in the t p_members slot:

! 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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.tp_members = Custom_members,

Each member definition has a member name, type, offset, access flags and documentation string. See the ;2 7! 2,/ 5 72
section below for details.

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

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

static PyObject *
Custom_name (CustomObject *self)
{
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 Custom (or Custom subclass) instance as the first argument.
Methods always take an instance as the first argument. Methods often take positional and keyword arguments as well, but
in this case we don’ t take any and don’ t need to accept a positional argument tuple or keyword argument dictionary.
This method is equivalent to the Python method:

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

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’ 1l 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’ 1l 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:
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.tp_flags = Py_TPFLAGS_DEFAULT | Py_TPFLAGS_BASETYPE,

We rename PyInit_custom() to PyInit_custom2 (), update the module name in the PyModuleDef struct,
and update the full class name in the PyTypeObject struct.

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

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

1

2.2.3 Providing finer control over data attributes

In this section, we’ 1l provide finer control over how the first and last attributes are set in the Custom 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.

#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) {
Py_DECREF (self);
return NULL;
t

self->number = 0;

(Rt
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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 0;

static PyMemberDef Custom_members|[] = {

{"number", T_INT,
"custom number"},
{NULL} /* Sentinel */

bi

static PyObject *

Custom_getfirst (CustomObject *self,

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

static int

Custom_setfirst (CustomObject *self,

{
PyObject *tmp;

offsetof (CustomObject,

number), O,

void *closure)

PyObject *value, wvoid *closure)

"Cannot delete the first attribute");

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

if (value == NULL) {
PyErr_SetString (PyExc_TypeError,
return -1;

}

if (!PyUnicode_Check (value)) {
PyErr_SetString (PyExc_TypeError,
return -1;

}

tmp = self->first;

(Rt
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Py_INCREF (value) ;
self->first value;
Py_DECREF (tmp) ;
return O;

static PyObject *
Custom_getlast (CustomObject *self,
{

Py_INCREF (self->1last);

return self->last;

static int
Custom_setlast (CustomObject *self,
{

PyObject *tmp;

if NULL) {

(value

return -1;
}

if (!PyUnicode_Check (value)) {

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

{"first",
"first name",
{"last", (getter)
"last name", NULL},
{NULL} /* Sentinel

(getter)
NULL},

*/
bi

static PyObject *
Custom_name (CustomObject *self,

{

return PyUnicode_FromFormat ("%

{"name", (PyCFunction)

"Return the name,
b
{NULL}

/* Sentinel */

bi

static PyTypeObject CustomType = {
PyVarObject_HEAD_INIT (NULL, 0)

PyErr_SetString (PyExc_TypeError,

PyErr_SetString (PyExc_TypeError,
"The last attribute value must be a string");

static PyGetSetDef Custom_getsetters]|]
Custom_getfirst,

Custom_getlast,

PyObject *Py_UNUSED (ignored))

static PyMethodDef Custom_methods][]
Custom_name,
combining the first and last name"

void *closure)

PyObject *value, void *closure)

"Cannot delete the last attribute");

= A
(setter) Custom_setfirst,

(setter) Custom_setlast,

%S", self->first, self->last);

=1
METH_NOARGS,

(Rt
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.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)
return NULL;

Py_INCREF (&CustomType) ;
PyModule_AddObject (m, "Custom", (PyObject *) &CustomType);
return m;

To provide greater control, over the first and 1ast attributes, we’ 1l use custom getter and setter functions. Here are
the functions for getting and setting the first attribute:

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

Py_INCREF (self->first);

return self->first;

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

(R gksh)
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"The first attribute value must be a string");
return -1;
}
tmp = self->first;
Py_INCREF (value);
self->first = value;
Py_DECREF (tmp) ;
return 0O;

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

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

We create an array of PyGet SetDef structures:

static PyGetSetDef Custom_getsetters[] = {
{"first", (getter) Custom_getfirst, (setter) Custom_setfirst,
"first name", NULL},
{"last", (getter) Custom_getlast, (setter) Custom_setlast,
"last name", NULL},
{NULL} /* Sentinel */
bi

and register it in the tp_getset slot:

.tp_getset = Custom_getsetters,

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

We also remove the member definitions for these attributes:

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

bi

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

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

if (!PyArg_ParseTupleAndKeywords (args, kwds, "|UUi", kwlist,

(R Tgksn)

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

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

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

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:

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

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

} CustomObiject;

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

Py_VISIT (self->first);

Py_VISIT(self->last);

return 0O;

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

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

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

CustomObject *self;

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

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

Py_DECREF (self);
return NULL;

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

}
return (PyObject *) self;

static int
Custom_init (CustomObject *self, PyObject *args, PyObject *kwds)

(Rt
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"custom number"},
{NULL} /* Sentinel */

bi

static PyObject *
Custom_getfirst (CustomObject *self,

{

void *closure)

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

static int

Custom_setfirst (CustomObject *self, PyObject *value,
{
if (value == NULL) {
PyErr_SetString (PyExc_TypeError,
return -1;
}
if (!PyUnicode_Check (value)) {

PyErr_SetString (PyExc_TypeError,

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

static PyObject *

"Cannot delete the first attribute");

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

EHE—5)
{
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,

void *closure)

(Rt
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Custom_getlast (CustomObject *self,

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

static int
Custom_setlast (CustomObject *self,
{

void *closure)

PyObject *value, wvoid *closure)

"Cannot delete the last attribute");

if (value == NULL) {
PyErr_SetString (PyExc_TypeError,
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 =
return 0;

value;

static PyGetSetDef Custom_getsetters[] = {

{"first", (getter)

"first name", NULL},
{"last", (getter)
"last name", NULL},
{NULL} /* Sentinel */
bi

static PyObject *
Custom_name (CustomObject *self,

{

return PyUnicode_FromFormat ("%

static PyMethodDef Custom_methods][]

{"name", (PyCFunction)

"Return the name,
b
{NULL}

/* Sentinel */

bi

static PyTypeObject CustomType = {
)

PyVarObject_HEAD_INIT (NULL, O
"customé4.Custom",
"Custom objects",

.tp_name =
.tp_doc =

.tp_basicsize =
.tp_itemsize = 0,
.tp_flags =
.tp_new = Custom_new,
.tp_init = (initproc)
.tp_dealloc = (destructor)
.tp_traverse = (traverseproc)

Custom_getfirst,

Custom_getlast,

Custom_name,
combining the first and last name"

Py_TPFLAGS_DEFAULT

(setter) Custom_setfirst,

(setter) Custom_setlast,

PyObject *Py_UNUSED (ignored))

%$s", self->first, self->last);

= A
METH_NOARGS,

sizeof (CustomObject),

| Py_TPFLAGS_BASETYPE | Py_TPFLAGS_HAVE_GC,

Custom_init,
Custom_dealloc,
Custom_traverse,

(Rt
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.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) ;
PyModule_AddObject (m, "Custom", (PyObject *) &CustomType);
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, woid *arq)
{
int vret;
if (self->first) {
vret = visit (self->first, arg);
if (vret != 0)
return vret;
}
if (self->last) {
vret = visit (self->last, arg);
if (vret != 0)
return vret;
;

return O;

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

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

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

(Rt
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Py_VISIT (self->first);
Py_VISIT (self->last);
return 0;

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

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

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

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

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

PyObject *tmp;

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

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

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

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

Finally, we add the Py_TPFLAGS_HAVE_GC flag to the class flags:

.tp_flags = Py_TPFLAGS_DEFAULT | Py_TPFLAGS_BASETYPE | Py_TPFLAGS_HAVE_GC,

That’ s pretty much it. If we had written custom tp_alloc or tp_free handlers, we’ d need to modify them for
cyclic garbage collection. Most extensions will use the versions automatically provided.
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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 SubLi st type that inherits from the built-in 11 st type. The new type will be completely
compatible with regular lists, but will have an additional increment () method that increases an internal counter:

>>> import sublist

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

>>> print (len(s))

6

>>> print (s.increment ())

1

>>> print (s.increment ())

2

#include <Python.h>

typedef struct {
PyListObject list;
int state;

} SubListObject;

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

self->statet++;

return PyLong_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;
return 0O;

static PyTypeObject SubListType = {
PyVarObject_HEAD_INIT (NULL, O)

.tp_name = "sublist.SubList",

.tp_doc = "SubList objects",

.tp_basicsize = sizeof (SubListObject),

.tp_itemsize = 0,

.tp_flags = Py_TPFLAGS_DEFAULT | Py_TPFLAGS_BASETYPE,
.tp_init = (initproc) SubList_init,

.tp_methods = SubList_methods,

(N Tgksn)
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i

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) ;
PyModule_AddObject (m, "SubList", (PyObject *) &SubListType);
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 object is a SubList instance, its PyObject * pointer can be safely cast to both PyListObject
* and SubListObject *:

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

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 tp_base specifying the type’ s concrete base class. Due to cross-platform
compiler issues, you can’ t fill that field directly with a reference to PyList_ Type; it should be done later in the module
initialization function:
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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) ;
PyModule_AddObject (m, "SubList", (PyObject *) &SubListType);
return m;

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

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

&ix
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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;

printfunc tp_print;

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) */

(R gksn)
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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;

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);
}

— A EE RS BRI AL L ESK R IE A R I R CE AN Sl . X AR EE B ORI 2 R A i 1A
M, UEFEREE (MAEEERRD, NSAAETINERIP RS B B — 558 MR e . SRS
FEARIAT AR 2 B AMG N Python AU A2 5 R W E . X P RE S BUBRERS iR A 1R . IEFRIY
RIPOTERR, AT LR RAERT, RAFARIRE, RETEHEUGIRE . FH A PyErr_Fetch ()
M PyErr_Restore () RECEZI:

static void

my_dealloc (PyObject *obj)

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

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

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

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

(Rt
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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);

#§E): 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.

M Python 3.4 J-if, #EFZANEAE tp_dealloc I ZMLLERRS, M2 AN tp_finalize A,
h=%4:
PEP 442 ffRE T &4 .

23.2 HRBR

1 Python #t, A W7 A 0] DAZE SN G SCAR SR repr () BREHI str () B (print () BB EILR
Hstr (). ) XLEAIRAR PR 2 TR o

reprfunc tp_repr;
reprfunc tp_str;

tp_repr ALPFRIF VAR A — DN FRAHXG, KA e SR Epli2onB. e — M smp) 1

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

WEREAIE to_repr ABIREFY, MPREARIFFEOL— T to_name BFRIEA AL R MM — AR IR (H.

The tp_str handleris 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 tpp_repr function,
but the resulting string is intended for human consumption. If tp_str is not specified, the t p_repr handler is used
instead.

NIRRT

static PyObject *
newdatatype_str (newdatatypeobject * obj)
{

(Rt
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return PyUnicode_FromFormat ("Stringified newdatatype{{size:%d}}",
obj—->obj_UnderlyingDatatypePtr->size);

2.3.3 BHER

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;

S 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 imple-
mentations 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.

ZBERENER

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. RNTREFRRRAEERIC R B GO E,, AR IR R IBUHRAE
TR, WHRAXS @A (AT ]SO & E5c 0 A7 A =Xt AT AT B 11 o

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:

typedef struct PyMethodDef {
const char *ml_name; /* method name */

(Rt
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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 {
char *name;
int type;
int offset;
int flags;
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 type 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 £1ags field is used
to store flags which control how the attribute can be accessed.

PR R &8 X AE:Aile: [structmember.h [; B410] PAf# ] bitwise-OR ZH & .

B aX

READONLY WA S
READ_RESTRICTED Not readable in restricted mode.
WRITE_RESTRICTED | Not writable in restricted mode.

RESTRICTED TR R, A5,

An interesting advantage of using the t p_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 using its __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 difference
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’ 1l 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.

il

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

if (strcmp(name, "data") == 0)

(N ITgkss)
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return Pylong_FromLong (obj->data);

PyErr_Format (PyExc_AttributeError,
"'$.50s' object has no attribute '%.400s'",
tp->tp_name, name);

return NULL;

The tp_setattr handler is called when the ___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 tp_setattr 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_LT or 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_Not Implemented 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 ¢, sizel, size2;

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

sizel = objl->obj_UnderlyingDatatypePtr->size;
size2 = obj2->obj_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;
c

case Py_GE: = sizel >= size2; break;

Q3]
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}

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

2.3.5 Abstract Protocol Support

Python supports a variety of abstract [ protocols; ] the specific interfaces provided to use these interfaces are documented
in abstract.

A number of these abstract interfaces were defined early in the development of the Python implementation. In particular,
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 protocols 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 Object s 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 call is obj1 ('hello'), then self is
objl.
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2. args is a tuple containing the arguments to the call. You can use PyArg_ParseTuple () to extract the argu-
ments.

3. kwds is a dictionary of keyword arguments that were passed. If this is non-NULL and you support keyword ar-
guments, 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 tp_call implementation:

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

PyObject *result;

char *argl;

char *arg2;

char *arg3;

if (!PyArg_ParseTuple(args, "sss:call", &argl, &arg2, &arg3)) |
return NULL;

}

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

return result;

oe

s] \n"I

/* 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_iter corresponds to the Python __iter_ () method, while tp_iternext corresponds to the Python
___next__ () method.

Any iterable object must implement the t p__ it er 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_iter by returning a new reference to themselves —and should also therefore implement the
tp_iternext handler.

Any iferator object should implement both tp_iter and tp_iternext. An iterator’ 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_iternext should always set an exception and return NULL.
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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).

w2

Documentation for the weakre £ 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 structure,
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

PyObject *weakreflist; /* List of weak references */
} TrivialObject;

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

static PyTypeObject TrivialType = {
PyVarObject_HEAD_INIT (NULL, 0)
/* ... 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 ESEI

In order to learn how to implement any specific method for your new data type, get the CPyrhon 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)) A
PyErr_SetString (PyExc_TypeError, "arg #1 not a mything");
return NULL;
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hz%:
F#& CPython JRfCHRRAS . https://www.python.org/downloads/source/
GitHub |-JF% CPython JR{CigI) CPython JiiH .  https:/github.com/python/cpython

24 W C/IC++ VB

—~ CPython f] C " J@g /2 — ML (Fla—4> Linux FfY .so , o3 Windows A .pyd), HESH—4
451 FF

KT HSEA, EFEVAE PYTHONPATH A RL, HAFir & WG, @idiE Sy g, S48 H
distutils [F, 2% H 3l A BUIERA I S04 -

WAL PR E A A AN

PyObject* PyInit_modulename (void)

R HOR P e B IR AL R, B—> PyModuleDef 5£fi|, #¢% initializing-modules T ff#5E 2 4075 .

XTFANA ASCIH 4is g iibe 42, BREULATE PyInit_<modulename> , Y} <modulename> il AL
B4 F-o 248 H] multi-phase-initialization s}, FRiFf F 4 ASCIL g5 5 A ER 44 o G B A7) 4 AL bR B0 44 - 0
PyInitU_<modulename> , [fii <modulename> §5%% ] Python ] punycode 4, EFSFHEW N TR,
7£ 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 LATE— DS RL R I 2 MR, il g L2 AR R T AT 2T SRl S A
A AE I AR T SR BRI SR . R [/ R Eey 488k %, 75 PEP 489 T %
Ay

2.4.1 {EH distutils {93 C 1 C++ ¥ &

PR nT DL distutils S 4, X & Python 4 1. distutils 037 @ @ —HE 642, P Jo TR dh ke i
distutils L RELEEY R,

—A~ distutils {15 T —PIKBIEIA setup.py o XE DAL Python S, KRB RRR, FERWT:

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])

S setup.py , ML demo.c, BTUIT

python setup.py build
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XGiE demo. ¢, ARG A— AT BRI demo 7E H % build B, KT RS, BIHCSCHESER
AMTHZFEFM build/lib. system , &4FA[HER demo. so B demo.pyd

TS setup.py B, IrAIMERA D@ setup KEL. ZRET A2 AR B XS4, Bm
B R T Fralf s mmslre TR ITEE, IEIEE THENE. BFE - TMat
FELZ AL, w8 Python FUYRRIGELEL . SO, T4, iS5 distutils f3CHY, 7E distutils-index 2 T £
distutils PRRE; ASEEST HARRER EY RABLHLER4) .

WH T HESE setup (), MEELFF IR IAS . A a0 BB 1%L setup () ) ext_modules
SHGE YRR, A2 Extension BAYSLHF. Bl FHEYSEEIE LT Y RG4S A demo , MEA—
VAL S 7 demo . ¢

ELmE, W RAERNL , FHEAIMY LB g SCRIPE . 417 1 Js T X2t

from distutils.core import setup, Extension

modulel = Extension('demo',
define_macros = [ ('MAJOR_VERSION', '"1"),
("MINOR_VERSION', '0')1,
include_dirs = ['/usr/local/include'],
libraries = ['tcl83'],
library_dirs = ['/usr/local/lib'],
sources = ['demo.c'])
setup (name = 'PackageName',
version = '1.0",
description = 'This is a demo package',
author = 'Martin v. Loewis',
author_email = 'martin@v.loewis.de',
url = 'https://docs.python.org/extending/building’,

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

ext_modules = [modulel])

Bl R %L setup () FER M RESME i ool S, SERERMEMEN I NE. B TX YR, HiE T
PIALPAZRE X, include H3%, FEHR, FE. HBITIFAS, distutils ib & 1 HAL DT AL (s B 4n giids. Bl
£ Unix B, SE5G2 40T g i<

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-i686-2.2/demo.o —-L/usr/local/lib -1tcl83 -o build/lib.
—1linux-1686-2.2/demo.so

BT TR H Y5 distutils PR %M distutils BEIERETE A .
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2.4.2 HAIREYY RIRIR

By RE LML, A =R .
R Pl R AR B R, W] DA 2517

’python setup.py install

R AES RIS AL BESCEln] bhs Ty

’python setup.py sdist

|

BUFENT, FFEAEIR A A EH AN SCF; X i#d MANIFEST . in SCHSEEL, 7 manifest | f#2Z
s

ARG A AT W T, dEfE WAl DA R A AT . OB E, — AT

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

2.5 £ Windows FE&miZ C 1 C++ ¥ @

X —FE REA 44 T anfe] i i Microsoft Visual C++ £l Python [ Windows AL, SR 5 P4 A X H T 4E
U TEAN S S5 B . X SE Ui B AP RHR] B 3 F T Windows #2)5 5124 2] #4 78 Python DA K Unix F27 5124 >)
A A= i AE Unix Fi1 Windows |25 R B A B 512

SRR distutils J7 SORM S A, WA AT I 7y =0, RUPREFEMN C gtk
¥ %8 Python; 3 %5~ Microsoft Visual C++.

flE): X —FHR K T 2 UG T A Python B S SCIR4 o X SE U2 DL Ry XY A SRR3R HE
SCE, X RERARIT A Y Python AR FERAS N 1Y R URA S . B0, QR AR 1) 2
Python 2.2.1, XY ¥k 22,

2.5.1 ZEEi5EA

1 Windows Fl Unix _EHEY RBHAA PR (1 distutils MORIEHIMEIRE, S8 aTaiRiE.

distutils 75Ul I TR Z e 1 distutils MEAFTADY AL SCRY I distutils-index., 2R 4 % BH
VRIS BT B 8AE, ABARFIE— T winsound FRifE FEALERAYIH SCHF AT RESRAHE L)

2.5.2 Unix #1 Windows Z gl =%

Unix I Windows X T AU A AT T 58 AR A FEfResi g nlsh S m iz iy, %
S TR BT AR GE R e AR

& Unix H, —PIEERIG (L so) SUPFH AL &0l AR 7 R 0 T B AQRS , B A & FEAR 7 v n] Bl 21 1 el 244
AR . 2 SCPFRA T BIRE T APy, RTESCPFAURD HH sk 28 o BRI R 1 43085 | IR X WSO TR ) R H B 4
AL N A P I E R S PR B ICHEAS e — DR AT

£ Windows 1, —ANBIASHEEE (A1) U ECAEHER T . il — AR AT R R R 1Y
Vile PHUAEs T DLL AU A TEIZ TN AT ol A ots, RIBE LM 1 DLL ik, 7 HAriz
AT R S PE BARS [R5 E 1Y R ORI -
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£ Windows "1, FRAEMiF RS, SRSEMISARE T RAAGE - 1ib). BRSHERLIT Unix Y .a SUfF; E
A EELEN AR AR . AR L AUN T a8 RE i PRRr € AR R A2 AR, I B 7E DLL
OIS BT R o OAREERE S AT O TR 3 S A 15 B A $ R DA B (8 ) R B 487 DLL AR Al
Ffo — AN AR ok DLL gedEient, nTRB Al — MR AR, B 200 T AR 5 DLL H Rk i
AT X L7511 DLL.

TERBCARIEAE S PP SN ER B A C, BTN 238505 — MU Ao 7E Unix b, 18 RRAF AL a B4
HEZAEN B.so Ml C.sos IR FECEHEFMIK, XM B M CHo5HAEN A SHIRAA . £ Windows
b, A ALY FFRERIE AL Lib, (R 2 S0 AL Lib RREERAR T BAI C.o AL Lib ARG RL; &
RS RAEs TSN TU A iR fE R

#£ Windows |-, S AR JBRRMA import spam; BEALARAI LAV spam Hg4 FR, HIF AL
— A . FE Unix b, SR ERBZ from spam import *; BRI ERMAIA.

2.5.3 DLL gY=cPr{EH
Windows fiii Python & ] Microsoft Visual C++ #1519 5 i HoAth %25 o] AT A fEAFT ({H Borland F ¥ 2
ATPARY) o XTI AR TR HOE T MSVC+H+,

4 Windows 1817 DLL I, {REAUF pythonxy . 1ib (G44HEHA. B4R DLL, spam Al ni (2411
spam SRE) C R0, RBL 4 1 DA TS v

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

F—A A T =43 spam. obj, spam.dll il spam.lib, Spam.dll ANLE{Ff] Python BREL (5l
Il PyArg_ParseTuple ()), (BB pythonxy . 1ib W] DAFIE G % 2 fr 521 Python fLHS,

BRI ni. A1l (B .ob3 Al . 1ib), BAEAIRTAL spam bAJ Python FTHFT Ao 5B 0
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RNRBENFHEAFER ST B AR R WRARA AL KA S ((135 Python) #\EEF BRI 45 AT,
RIS | _declspec (dllexport), FLUTEE void _declspec (dllexport) initspam(void) H{
PyObject _declspec (dllexport) *NiGetSpamData (void) H1—%Ff,

Developer Studio K il AR BARH A FIETREHFALE, AR IAT SR/ I 100K, ZERBEAT, i
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A, AeEAEAE Python RS 110 T AR 2T R, M2 A B CPython sz AT IR A E K1Y
W ARF o AT T B SE U VR T Sy — 2240

3.1 EHE App [[J#gr A Python

The previous chapters discussed how to extend Python, that is, how to extend the functionality of Python by attaching a
library of C functions to it. It is also possible to do it the other way around: enrich your C/C++ application by embedding
Python in it. Embedding provides your application with the ability to implement some of the functionality of your appli-
cation in Python rather than C or C++. This can be used for many purposes; one example would be to allow users to tailor
the application to their needs by writing some scripts in Python. You can also use it yourself if some of the functionality
can be written in Python more easily.

Embedding Python is similar to extending it, but not quite. The difference is that when you extend Python, the main
program of the application is still the Python interpreter, while if you embed Python, the main program may have nothing
to do with Python —instead, some parts of the application occasionally call the Python interpreter to run some Python
code.

So if you are embedding Python, you are providing your own main program. One of the things this main program has
to do is initialize the Python interpreter. At the very least, you have to call the function Py_Initialize (). There
are optional calls to pass command line arguments to Python. Then later you can call the interpreter from any part of the
application.

There are several different ways to call the interpreter: you can pass a string containing Python statements to
PyRun_SimpleString (), or you can pass a stdio file pointer and a file name (for identification in error messages
only) to PyRun_SimpleFile (). You can also call the lower-level operations described in the previous chapters to
construct and use Python objects.

hz%:

c-api-index The details of Python’ s C interface are given in this manual. A great deal of necessary information can be
found here.

61



Extending and Embedding Python, %([F] 3.6.12

3.1.1 Very High Level Embedding

The simplest form of embedding Python is the use of the very high level interface. This interface is intended to execute
a Python script without needing to interact with the application directly. This can for example be used to perform some
operation on a file.

#include <Python.h>

int
main (int argc, char *argv([])
{
wchar_t *program = Py_DecodelLocale(argv[0], NULL);
if (program == NULL) {
fprintf (stderr, "Fatal error: cannot decode argv[0]\n");
exit (1);
}
Py_SetProgramName (program); /* optional but recommended */
Py_Initialize();
PyRun_SimpleString("from time import time,ctime\n"
"print ('Today is', ctime (time()))\n");
if (Py_FinalizeEx() < 0) {
exit (120);
}
PyMem_RawFree (program) ;
return 0;

The Py_SetProgramName () function should be called before Py_TInitialize () toinform the interpreter about
paths to Python run-time libraries. Next, the Python interpreter is initialized with Py_Initialize (), followed by
the execution of a hard-coded Python script that prints the date and time. Afterwards, the Py_FinalizeEx () call
shuts the interpreter down, followed by the end of the program. In a real program, you may want to get the Python script
from another source, perhaps a text-editor routine, a file, or a database. Getting the Python code from a file can better
be done by using the PyRun_SimpleFile () function, which saves you the trouble of allocating memory space and
loading the file contents.

3.1.2 Beyond Very High Level Embedding: An overview

The high level interface gives you the ability to execute arbitrary pieces of Python code from your application, but ex-
changing data values is quite cumbersome to say the least. If you want that, you should use lower level calls. At the cost
of having to write more C code, you can achieve almost anything.

It should be noted that extending Python and embedding Python is quite the same activity, despite the different intent.
Most topics discussed in the previous chapters are still valid. To show this, consider what the extension code from Python
to C really does:

1. %3 Python [ HR{E 3 C,
2. Perform a function call to a C routine using the converted values, and
3. Convert the data values from the call from C to Python.
When embedding Python, the interface code does:
1. B4 C i %d)E{E ] Python,
2. Perform a function call to a Python interface routine using the converted values, and

3. Convert the data values from the call from Python to C.
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As you can see, the data conversion steps are simply swapped to accommodate the different direction of the cross-language
transfer. The only difference is the routine that you call between both data conversions. When extending, you call a C
routine, when embedding, you call a Python routine.

This chapter will not discuss how to convert data from Python to C and vice versa. Also, proper use of references and
dealing with errors is assumed to be understood. Since these aspects do not differ from extending the interpreter, you can
refer to earlier chapters for the required information.

3.1.3 4iEgr A

The first program aims to execute a function in a Python script. Like in the section about the very high level interface,
the Python interpreter does not directly interact with the application (but that will change in the next section).

The code to run a function defined in a Python script is:

#include <Python.h>

int

main (int argc, char *argv[])

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

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

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

pModule = PyImport_Import (pName) ;
Py_DECREF (pName) ;

if (pModule != NULL) {
pFunc = PyObject_GetAttrString(pModule, argv[2]);
/* pFunc is a new reference */

if (pFunc && PyCallable_Check (pFunc)) {
pArgs = PyTuple_New(argc - 3);
for (i = 0; 1 < argc - 3; ++i)
pValue = PylLong_FromLong (atoi (argv[i + 31));
if (!pvalue) {
Py_DECREF (pArgs) ;
Py_DECREF (pModule) ;
fprintf (stderr, "Cannot convert argument\n");
return 1;
}
/* pValue reference stolen here: */
PyTuple_SetItem(pArgs, i, pValue);
}
pValue = PyObject_CallObject (pFunc, pArgs);
Py_DECREF (pArgs) ;
if (pValue != NULL) {
printf ("Result of call: %1d\n", PyLong_AsLong(pValue));

(Rt
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Py_DECREF (pValue) ;

}

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

t
else {
if (PyErr_Occurred())
PyErr_Print ();
fprintf (stderr, "Cannot find function \"%s\"\n", argv[2]);
}
Py_XDECREF (pFunc) ;
Py_DECREF (pModule) ;
3
else {
PyErr_Print ();
fprintf (stderr, "Failed to load \"%s\"\n", argv[1]);
return 1;
3
if (Py_FinalizeEx () < 0) {
return 120;
3

return 0;

This code loads a Python script using argv [ 1], and calls the function named in argv [2]. Its integer arguments are
the other values of the argv array. If you compile and link this program (let’ s call the finished executable call), and
use it to execute a Python script, such as:

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

IRIGEE AR %2

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

Although the program is quite large for its functionality, most of the code is for data conversion between Python and C,
and for error reporting. The interesting part with respect to embedding Python starts with

Py_Initialize();

pName = PyUnicode_DecodeFSDefault (argv([1]);
/* Error checking of pName left out */
pModule = PyImport_Import (pName) ;

After initializing the interpreter, the script is loaded using Py Import_Import (). This routine needs a Python string
as its argument, which is constructed using the PyUnicode_FromString () data conversion routine.
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pFunc = PyObject_GetAttrString(pModule, argv[2]);
/* pFunc is a new reference */

if (pFunc && PyCallable_Check (pFunc)) {

}
Py_XDECREF (pFunc) ;

Once the script is loaded, the name we’ re looking for is retrieved using PyObject_GetAttrString (). If the
name exists, and the object returned is callable, you can safely assume that it is a function. The program then proceeds
by constructing a tuple of arguments as normal. The call to the Python function is then made with:

pValue = PyObject_CallObject (pFunc, pArgs);

Upon return of the function, pValue is either NULL or it contains a reference to the return value of the function. Be
sure to release the reference after examining the value.

3.1.4 Extending Embedded Python

Until now, the embedded Python interpreter had no access to functionality from the application itself. The Python API
allows this by extending the embedded interpreter. That is, the embedded interpreter gets extended with routines provided
by the application. While it sounds complex, it is not so bad. Simply forget for a while that the application starts the Python
interpreter. Instead, consider the application to be a set of subroutines, and write some glue code that gives Python access
to those routines, just like you would write a normal Python extension. For example:

static int numargs=0;

/* Return the number of arguments of the application command line */
static PyObject*
emb_numargs (PyObject *self, PyObject *args)
{
if (!PyArg_ParseTuple (args, ":numargs"))
return NULL;
return PyLong_FromLong (numargs) ;

static PyMethodDef EmbMethods[] = {
{"numargs", emb_numargs, METH_VARARGS,
"Return the number of arguments received by the process."},
{NULL, NULL, 0O, NULL}

bi

static PyModuleDef EmbModule = {
PyModuleDef_ HEAD_INIT, "emb", NULL, -1, EmbMethods,
NULL, NULL, NULL, NULL

bi

static PyObject*
PyInit_emb (void)
{
return PyModule_Create (&EmbModule) ;

Insert the above code just above the main () function. Also, insert the following two statements before the call to
Py_Initialize():
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numargs = argc;
PyImport_AppendInittab ("emb", &PyInit_emb);

These two lines initialize the numargs variable, and make the emb . numargs () function accessible to the embedded
Python interpreter. With these extensions, the Python script can do things like

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

In a real application, the methods will expose an API of the application to Python.

3.1.5 7£ C++ thgr A\ Python

It is also possible to embed Python in a C++ program; precisely how this is done will depend on the details of the C++
system used; in general you will need to write the main program in C++, and use the C++ compiler to compile and link
your program. There is no need to recompile Python itself using C++.

3.1.6 £ Unix R hymiFFoskss

It is not necessarily trivial to find the right flags to pass to your compiler (and linker) in order to embed the Python
interpreter into your application, particularly because Python needs to load library modules implemented as C dynamic
extensions (. so files) linked against it.

To find out the required compiler and linker flags, you can execute the pythonX. Y-config script which is generated
as part of the installation process (a python3—config script may also be available). This script has several options,
of which the following will be directly useful to you:

* pythonX.Y-config —--cflags will give you the recommended flags when compiling:

$ /opt/bin/python3.4-config —--cflags
-I/opt/include/python3.4m -I/opt/include/python3.4m -DNDEBUG -g —-fwrapv -03 -Wall.
——Wstrict-prototypes

pythonX.Y-config --1ldflags will give you the recommended flags when linking:

$ /opt/bin/python3.4-config —--1dflags
-L/opt/lib/python3.4/config-3.4m —-lpthread -1dl1 -lutil -1m -lpython3.4m —-Xlinker -
—export-dynamic

#i[E]: To avoid confusion between several Python installations (and especially between the system Python and your own
compiled Python), it is recommended that you use the absolute path to pythonX. Y-config, as in the above example.

If this procedure doesn’ t work for you (it is not guaranteed to work for all Unix-like platforms; however, we welcome
bug reports) you will have to read your system’ s documentation about dynamic linking and/or examine Python’ s
Makefile (use sysconfig.get_makefile_filename () to find its location) and compilation options. In this
case, the sysconfig module is a useful tool to programmatically extract the configuration values that you will want to
combine together. For example:

>>> import sysconfig

>>> sysconfig.get_config_var ('LIBS')
'-lpthread -1dl1 -lutil’

>>> sysconfig.get_config_var ('LINKFORSHARED')
'-Xlinker -export-dynamic'
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>>> R H A L EGA R Python $&7-4F . FEAE 2 R T BB AR H Ty AR M REAR LIV T IO AR B AR 2 1

. The default Python prompt of the interactive shell when entering code for an indented code block, when within
a pair of matching left and right delimiters (parentheses, square brackets, curly braces or triple quotes), or after
specifying a decorator.

2t03 4 Python 2.x (TS Python 3.x (R T 5L, AEUSALTRACHS S AU USRI I3 BB R A
DU ZI () AN 2 I
2t03 f EFFEFRUEIE Y, B4 1ib2to3; HHRME—SZ AT X Tools/scripts/2to3. £
2to3-reference.,

abstract base class — 14 3E TR I FFR ABC, @Xfduck-typing A58, BHMAET —Fpe O
X, M2 FHABRIGFA hasattr () B TREMECH RS IR (FlanfiH BRI ). ABC5IA
TR, XM EM R 5 A2, HARER: isinstance () fl issubclass () FrAR]; i
I abe FEHSCRY . Python HAFFZL P E ) ABC I TSLBEHE45H (7F collections.abe fidkHr) .
BFE (FF numbers ) L i (FF io Bithdh) . SAEHRESANEEE (FF importlib.abe bk
H) o ARFTRAE ] abe ka3 H 2 ABC.

annotation —pilE KIKEEAAL R . FRIE. RATESIORIMERITRES, BLEN Anpe hint KM .

SR AR AR IS TR AN ), (R R AR BRI R BRI AR T £ AR . SN R
__annotations__ [piREMH:A.

2 W variable annotation, function annotation, PEP 484 1 PEP 526, %fitIhEEHH N .
argument —S 8 1EVE I sREOR% 45 funciion (Bimethod ) [{E. S8 AWifh:

o KT A TEREOR T T A AR R (BIA0 name=) SCEAE N A STERTI A <+ YT HLH
ME A 28BS, 3 A1 S FELATRXT complex () HYRMHIET K724

complex (real=3, imag=>5)
complex (**{'real': 3, 'imag': 5})

s AL E Ade ARTRETSHNSI (CESHOTH T SR ERRIT L AR S AR R aa A
* Wyiterable P TCRGAL A 2B, 3 A1 5 FELA TR g T B S 4

67


https://www.python.org/dev/peps/pep-0484
https://www.python.org/dev/peps/pep-0526

Extending and Embedding Python, %([F] 3.6.12

complex (3, D5)
complex (* (3, 5))

SRR REL X R AV L. A7 RN B 0 calls —7 . ARABIEYE, (k50T
PSR AR A BHG S O (E 2 B X I oA

7% Wparameter REFZEH , BT ZHGESHIIXAAL PEP 362,

asynchronous context manager — 5720 | F3CABIEAY AR ZE € L __aenter_ () fil_aexit__ () K
WRXS asyne with iBA) P EREE AT R . th PEP 492 5] A,

asynchronous generator —52B 2 2% 1% [BI{H Nasynchronous generator iterator fRREL. B 5 async def
T SRR R BARAARL, ARRZAATET B vield REX A4 —FRIIWTE async for fEHH{H
FE.
WARTEEE 218 A0 A e i, EERLRE O NI AR 24 77 £ R B R % . WRFEIE-RIE
BARE X, W AR AR .

AR RO L6 await FARILH asyne for B asyne with il
asynchronous generator iterator — 53251 & 2515 18ES asynchronous generator BRI B EIINT S

WXt J& T asynchronous iterator, 24§l __anext__ () F{ERAI &R Bl —AN 0l 2R 4 sk AT 74
A S R A U L) R —4> vield ik

f4 yield QUG AL, JCfEH AR IR (IR RATHR vy FA). % 5
R BERE TN anext () BENITFEMEARIKELN, © 2N LRASNT. S0
PEP 492 #11 PEP 525,

asynchronous iterable 5225 [ KU R 7l ¥£ async for iF A) P g O MR . 220 B W
__aiter_ () F¥ERE—Aasynchronous iterator, {1 PEP 492 5| A,

asynchronous iterator 52 k0% ST __aiter_ () Fl_anext__ () FYEMIXS. __anext__ W
1R[] —A~awaitable X4 . async for SRR EEAARN __anext_ () FIEFTR BT EEREXT 4,
HFHF| K —4 stopAsynclteration . H PEP 492 5] A,

attribute —J@ Pk SCIRE] A RAYME, PTPAMIH RS FRAE L A ARG . B, AR — 35 0 BA
— Mgtk a, WA o.a KEIHE.

awaitable — [ Z5EFE 4 BEAE await FR MRS . BT PARcoroutine B2 A __await_ () FHER)
S5, S0 PEP 492,

BDFL Benevolent Dictator For Life, a.k.a. Guido van Rossum, Python’ s creator.

binary file - JERI L file object MG S 57 Kt %o —HEHISCAE T RIEA IR ("rbY, Twb!
or 'rb+"') FTHMICH:. sys.stdin.buffer. sys.stdout.buffer DA} io.BytesIOfl gzip.
GzipFile [SLH.

A5 Wiext file T RREMSTES str G SCIERTSR .

bytes-like object —= ikt % 7 bufferobjects H: H.GE 5 H C-contiguous ZZf RIS, XEIEFTA bytes.
bytearray fll array.array X%, PARIFZEH memoryview X5, PN Gl 1E 2 fp 3k
BAREEP R s XS E IR AR . PRAFR B SO DA S R R IR A

FLCPRA R ] 2R R . XM RAE SR PR R TR R ARG A R
B T44% bytearray PAK bytearray i memoryview. HAMMEER —JbHiRRAT T A W] 2%
G THREEFWERXG] ) RFRREBI T4 bytes LAK bytes MR memoryview,

bytecode 3 ¥if}y Python J{CAS 44 1 741, R CPython fi# R o327 Python A2 ¥ I PN CHY . 77
MR X GAFAE - pyc U, SRS R IAT Al — SCPFIP s FE b (AT DA 2505 VR RS HR 2 16 7 19
i) o XA [HPRIE S ] BT EMRE T R AT AR AL g i i virmal machine 2t #5{ER N[ Python
FEAUML_ BRI A —Ed@ i, A —E BEAEA ] Python fiiAS B34S
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T HNRATLATE dis BURH)SCR &R .
class 3¢ JSRANEN P E OGN . 285 SGE# L 3 XH%2E M S BIUEA T B T kg 3
class variable -84 i 7RIS P E AR, HF HAURTESMZ G BB (AR AERAY S B 220

coercion 5|2 FUEEHE The implicit conversion of an instance of one type to another during an operation which in-
volves two arguments of the same type. For example, int (3.15) converts the floating point number to the
integer 3, but in 3+4 . 5, each argument is of a different type (one int, one float), and both must be converted to
the same type before they can be added or it will raise a TypeError. Without coercion, all arguments of even
compatible types would have to be normalized to the same value by the programmer, e.g., f1oat (3) +4 . 5 rather
than just 3+4.5.

complex number —52 8¢ X IFE KRR G R, HA A BOTE PR — SR — AN BRI AL AR
MR, (1 B AR) AYSEAER, W TERCAT SN 1, TR S J. Python NE T X4
By scfe, RN TREARIS T 20 g —A 5 52, BN 3+15. WPRTEZE math BEER ARG 15X
WARBRA, WHA cmath, ER MR — DB BAEARE . WRIRBOER A L, ZIgE
LA LA AT AR 17 L

context manager — |- F SC45PIPS 78 with iBaH i, @it e X _ enter_ () Fl __exit_ () FYERE
HIFFFARSIIXS S . 20, PEP 343,

contiguous —¥&: — G UIRIE C i 825l Fortran & i WO\ N2 SR . EYEZirhig C Al Fortran J£25%
M. TE—ZE T, B ok BB AHE NAFh O A AR HES ), SRIT AT IR B I R G |7 . TEZ 4
CIESAUA R, Y N AL HES I B fe— 25 | D7 2% H s B de bt . {EUZAE Fortran ZESEA
W — ARG e

coroutine —Jpf Coroutines is a more generalized form of subroutines. Subroutines are entered at one point and exited at
another point. Coroutines can be entered, exited, and resumed at many different points. They can be implemented
with the async def statement. See also PEP 492.

coroutine function —pFEFRZL 1% [B]—coroutine ST REL. PMERETHE T asyne def i{BAEE XL, FF
A REfL P await, async for fll async with &, X2 H PEP 492 5] A

CPython Python ZRFE1EF WIMITESLEL, FE python.org [ % . ] CPython ] —i] F F7E0A i S B Hofth
SEFEIGN Jython BY, IronPython FH X 41l

decorator &gy R FME AT — D REREL, EH M ewrapper EEE AR TRECE . Rl
LA TAdE classmethod () Ml staticmethod ().

PR U RN, DU AR B0 SR S R Se 45 i

def f(...):
f = staticmethod (f)

@staticmethod
def f(...):

RS R T8, (B ER A . A SRR PN 1T 2 0 eR B0 SORI 2858 S S0

descriptor —fiiiddy TfTEX T _get_ (),__set_ () o __delete_ () HEMIS., ¥ NRKEMEN
FIRZRES, BRI EIT A B R & . WEET, I ab kIR BBk —
N EYERTSFE a FEFH D EIRATON b XS, (HUR b2 — DR, W8 X AR 7
V. FRRGAZE LS 2 VR Z I BEfR Python 1 348, A @12 EEAFIERO AR, iR,
L BN BE. BRSO LA 5 A .

A KRR TR TEIE T 25 descriptors.,

dictionary — it — AN SCHCACA, o A AT 2 A A WL S AR Y RO (E. B LT T 2 __hash__ ()
_eq_ () HERXNS. AE Perl 5= K4 hash,
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dictionary view —ZHLEEPE M dict.keys (), dict.values () fil dict.items () 1R BT R PEFR R F L
M. BN TFIE N SHE, XEWE Y FISUER, RGN SR, BT
PSR a3 BAE RS 2E, AT 1ist (dictview) . &, dict-views,

docstring —SCRYFAFHY MERN2E. pREERIER Z R SE — ks B A5 R (e . EAEACR AT S8
2, ABSPERRER B A ITIESS . R __doc_ @, T En T RHENE,
B X AT T ST A L (O

duck-typing - 8% $5 g XA, B MREE BN R RBOR & He A A BN, me2E
PO A s s (“BRRGN T, MERREGEN T, Bagemet.”) hTmiEe
Fm AR E 2R, Bt AT A P i 2 AR ORI T R G . B9 FRALRG M type () B
isinstance () f. ((HEFEM BT DAGE A 40 28 & fE kb s, ) MIfEES R hasattr ()
K M BE EAFP S o

EAFP SRS HRVFITEZS S " W94 S . XA Python 3 AU 4 5 XU 2 fBE B s 1) B Bl & 1 AP A
FAEABE SR AR R o X P T PR A R RO R R s ] try Ml except 4], T HAXHY
MR PTELBYL XA%, LT C 452 HAliE = .

expression -3k R, A piece of syntax which can be evaluated to some value. In other words, an expression is an
accumulation of expression elements like literals, names, attribute access, operators or function calls which all

return a value. In contrast to many other languages, not all language constructs are expressions. There are also
statements which cannot be used as expressions, such as i f. Assignments are also statements, not expressions.

extension module —§" JEEIHL DA C 5 C++ Ji 5 1yMik, ffi ] Python [¥) C APT & 51 5 4% .0 DA B FACHS E

S

TEH,

f-string f-F4FEp AT A £ B BT AT ER F IS RN AR B RS A B S TR
8% . 2 PEP 498,

file object —SCPRXF G X MR AL [0 SCF APL DAGE T2 BERAYR 5 (A read () Mowrite () XFERYTT
5) o MRIEHANET SRR, SCHRFR AT DAL P BLSCREAESCHF, XA f, ORISR
AR (PIANAR R A/ . ARG X BT IS ) . SUFER R ST 3 2 80A.

SEPR A =R B SO G IR A =2 ) SO, Gih =R S DAR SO . BT E X
TE fo b, BSOS R TE e A open () PR%L.

file-like object —SCIFSRF G file object {y[F) 3R] .
finder k2% —Fh XA F AR loader IRTE .

M Python 3.3 JZAFFE AR BU I A $k 48 Lk 12 & 45 % BLA sys.meta_path ], PAKpath entry
finders fit & sys.path_hooks ffiff].

LTS 0 PEP 302, PEP 420 | PEP 451,

floor division —[] FIUEERT: 1) T 5 A B B BB B IR . 1a) FHCEBREZ B 2 /7 . Bilan, %
ks 11 /7 APITESRE 2, S 2T NI EIERERE 2.75 . FE (-11) // 4
£xRIA -3 IR -2.75 @ Ty AMSEIEE R . W PEP 238

function —pA% W] DA RV IR 0 EANMER —4LiE ] . 0] AR HAZ A ZA S 20 IR R BUAR P T Tk
i . 7 Wparameter, method i function 2575 ,

function annotation —pR kbR R &4 M 28R Bl {E ¥ annotation
PRV R TR 2042« BIan AR s Z A int SEOF LR E—4> int {H:

def sum_two_numbers(a: int, b: int) -> int:
return a + b

BRI I TR DL function —5,
& & Fvariable annotation F11 PEP 484 % I GE A
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_future_ —Fh ORI, RIRRR R GO RS -5 2 BT RE R AN AR B T S R

15%3%@/\ _ future_ BHIFXTEH A AR EORE, AR DA B AT i RO AGE 5 A ST B
BRIA

>>> import __ future_
>>> _ future__ .division
7Feature((2, 2, O, 'alpha', 2)/ (31 OI Or 'alpha'/ O)I 8192)

garbage collection — i S IIC BEHCA P4 8 I A2 (B) )i A% . Python @it 5 | T HEICRI— > BEAS A6 I A1
FTAGERG | OGS 0 s R A TR M) o W RABE ] gc BRI fl s [ i s -

generator —E )R 2T &[0l generator iterator WAL, EEERBGEERLL, ARGETHAE yield &
KA DA =2 — RFE AL for-IEHAE F 8@t next () REE—IKEL.
W R AR AR R, BRI N TR R AR AR B R E . WARFEEERIB S S, EHl
FH A FRDATRE G S o

generator iterator —: g5 5 RES generator IR EIEMINT A .
FAS yield IGHFEEAR, 0S4 HI AV EHATIRS (AFE RS RMERER vy HA]) o 241X £ &
Rk REWEN, BMNBEFACESRSIT (X580 AR T LG 13538 bR A2 AR K

generator expression —[: k25415, An expression that returns an iterator. It looks like a normal expression followed

by a for expression defining a loop variable, range, and an optional if expression. The combined expression
generates values for an enclosing function:

>>> sum(i*i for i in range (10)) # sum of squares 0, 1, 4, ... 81
285

generic function —{Z MU pR . AN [ 922 S B[] B A 1) 22 A R VT ALY BRI, 8 YIS 2 phy IR BE SRR
R % B PR A~ S B

1525 Wsingle dispaich RiEZF4H . functools.singledispatch () 2/figs A PEP 443,
GIL Z: W global interpreter lock

global interpreter lock 4 JRfi RS B CPython fFREAR IR A —FIBLH, 00 OR A — I 20 U — AR
AT Python byrecode, MHLHIE L BCEX RER (fU3F dict FHENERR) HRIF LTI R
4fijft 7 CPython SLB. 45 HEARREAR B CEAF MR REAS 2 SRS TR 68, HACH WA HE THEZ Ak
Has ERHATIE.

Aad, LSRR P B AR = P R A B T M AE ST T AR AR AT 45 T 4 T WA A PR GIL
Ak, FEPAT VO BERT B2 SR GIL,
Bl A (PAEASANRLE R E LB/ ) A HRRE” MERER S M ARIRIS NS, TRhx Sk
AE 3 B AL PRSI L AR BE o PR v AR A BE 190 A0 A F K- S B S B AR AR TR A A, AT TR M DA 4
Tl

hashable —w[Wy Ay — > Xt 42 04 W4 75 (B Q0 SR AE Ho A B N 4 R o A8, SR e R ol Toe A (BEFREHRSG
__hash__() F¥), IFAIDAMEABX R HETHE (EFERLA _eq_ () F¥E) . ATBRHEISRYL
DR AH ) R e (i LB 45 8 A S A )

TG A PSR SRRSO SR AR B A B, PR Ak S B A A P Bt e A fE

All of Python’ s immutable built-in objects are hashable; mutable containers (such as lists or dictionaries) are not.
Objects which are instances of user-defined classes are hashable by default. They all compare unequal (except with
themselves), and their hash value is derived from their id ().

IDLE Pytl;)&n B IDE, “4ER{IF & 52257 B9 CHEE . /2 Python ARk A 4TIty i 4 g i 2 1 AR
R
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immutable — Al BARIEERNR . AN RUTELT . AR, SRR GRG0
RIDPAFE— DA FRIE, W ABTEF NG BN S HE RS A AR 2 ETZAEN, fm
(ST uE B

import path —S ABE1E 2 MU E (856125 8 ) AR, PRI path based finder KA FAH
fro FEFARS, HAIESIREHAH sys.path, (HXRFERUEATHER B EHREN _path_ J§
P

importing —S A %— ML) Python fURSRE N 3 — MELER F ) Python FURS ir i I AL A o
importer —S AZF AR MMBBIRAIIT G B RIE)E T finder X g T loader .

interactive —%¢ 7. Python 1A — S A MEREr, BIR AT DATERRRESR S AT e B ATE A IR IS, SZ BT
AR R . AFAWSEED) python i (WA DATEARAY VT EEALITF UGS B b e A B S B0
A MACH AR SRS A AN L I X A s AR 7 . AR help (x) ).

interpreted —f# % Python —ERMFREALIE T, SRR MIFAIET , BIAWIE I T 51 i g%
TR AEAE T AT PP . X R AR JESCE T DA LGB AT S b B s CHL B n] AT SO FRIs AT ARE
VR BA e A S AT SRR, (R AP EIE TR . & Winteractive,

interpreter shutdown —ff#REES P 2415 LR SIS, Python fEREARRFUEA — IR T B BOT &2 B0
HETBCIR, PIAIRCER & S N ARSI 55 . Bl 2 2R R eI 2 o Xl A P E S
e 55 U R A A AT o E S P BEAA TR W] RE B B A R, TR R LB ORI B U
EARTARL (IR B 1A PR BB AL 55 -

FRREAS T 2R IR R __main_ AUHREETIZTTHI AR O 58 kAT -

iterable —n[3E{CX 5 REAS B — iR 0] H & B T X 4. AR KT R0 6 T A A P A2 A (Flan 1ist,
str fil tuple) DR IESETEFSIRMBI dice. <A & DUREX T _ iter () Jriksk2ses
T Sequence & X W __getitem_ () FYEMMTEEBHEXENLR,

AERXTZ T T for MEIRDA K2 HMM TR Z— NP (zip (). map () )o J—AA[ER
MENERNSEAEHWNERE iter () B, BERENZASSEAERL . X FEAREH T XELE AR —
U 7 o« FEAE AT AR S, PR AR B iter O B0E HOAFRER TS . for IBMEN
PR SALBEARSEHAE B8 — MR A iy 24 72 B RAENR I R RAF B AR . S Witerator, sequence
PA K generator

iterator -3 fR3% FIRF/R—IEHRBIRRMINT S . ERIHAERIN _next__ () H¥E (B HAEL N E K
Bonext () FRERENR AP 2438A B NS % StopIteration Ff. FXHHEA
st BRI AR, AR next_ () HEHATHIKT] K StopIteration . £
TAIRA __iter_ () HERRBRFENZERIBIXNILZH Y, FILERIFUEWR S LIS, T
FHAB TN G5B R REB 6. — A BEF BN &2 K ERE P BRI A S . 258w
% (N 1ist) FEARBRR A A iter () REEUETE for IEH 6 A B RS = A — AT B AL
o ARAEPEE BT RS 26 A2 53R A1 7E 2 ji i AC I AR tp R R ] — s Rt %, AR
Kkt EEN.

W25 H 4 F typeiter,

key function —tpR % 1 R BRI R AL, 2 ABAS AR [T T HE P BCHEGL A B AT TSR . I3, 1ocale.
strxfrm () A HTA B —AF A DI HE T 29 1 HE 74
Python 147 ¥ 2 T H# o vF 1 4 o6 BOR 45 8 S0 R W HEAL 8040 21 05 =0 K 46 min (), max (),
sorted(), list.sort (), heapg.merge (), heapg.nsmallest (), heapg.nlargest () PA K
itertools.groupby (),

S — MR RO 2R 7. BN, str.lower () 7R AMIVEZIS K/ NEHEF 4R 5k,
SERB AT 1anbda Fkx0ORAIE, Hl40 lanbda r: (r[0], r[2]). i&f operator il
T =R B ERY: attrgetter (). itemgetter () flmethodcaller (). HAAE UIHT
—T PASRE B RN ) B pR £ s 191

keyword argument — G258 2 Wargument,
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lambda — B fliexpression ¥ S 44 NERBR R, b A AETH I IOR(E. Q18 lambda e85 AJA

lambda [parameters]: expression

LBYL B GBRER” MSCHS . XM RS g 5 XUA% SAEUEA T IR ) sl 2 1 S O A A i P 4 1F . I
A5 EAFP J7 UG O LG, HAF R KR 1 £ 14

TEZLBEMEET, LBYL T8 “&F” Al “BER R A EFRMES RE . Flan, AN it
key in mapping: return mappinglkey] A REH TR A EAEZ G HAMLKFE N mapping H
T key T H B o KRR IR ETATE AT AR ] EAFP Jy Aok v

list %1 Python P& [1)—Fhsequence., EIRZ MHNFE, (BT HAGE F h B m AR5 %, AT
) TG E B R) S 24 BE R O(1).

list comprehension —51#ifi: 55X 4b B — A~ 73 51 (%) O A 508 43 T R IF IR Eéﬁ%ﬁﬂi@lﬁ@*ﬁ%iﬁg‘%o
result = ['{:#04x}'.format (x) for x in range(256) if x % 2 == 0] ¥HEK—70
F| 255 JE oS FERB RO N AR (0x.) R, Hid it %/_JZET S B
range (256) A TCRABSPEALHL,

loader —JIERES FTTMBMIPIXT SR . BUAE X4 Lload_module () M. NS EH H—"finder
R, S PEP 302, %FTabstract base class B] 2=, 1mportllb .abc.Loader,

mapping Wi —FP SCRHME B AR IF LI T Mapping B MutableMapping iG55 2 i I fl e I A ) 2%
T E, RS H 74335 dict, collections.defaultdict, collections.OrderedDict
PAM collections.Counter,

meta path finder TGRS sys.meta_path R IFR K finder. TR HES Spath entry finders
FEAE RIAHFF A ] -

5% importlib.abc.MetaPathFinder T fRICIARTA Hoas T SE I 71k .

metaclass e —F T OIBRRA. JE LUEESY . FMAELRIN L. TuRATHEZ LR =S HOF
GUAAIRAYSE . KHIT IR X B G R T b xS (b BOASKE. Python RYRFHIZ ALAET n AGI
H i SOtk jtjﬁéj\ﬂﬂF'ﬂ(l_Tﬁﬁ%ﬁ/l\I/\, (EECTE S E N IV SR 2 NTTR W 02
ENCsH LB HE, SMARELart. RENROE. RG], SEHAFZAES

T £ 13152 I, metaclasses.

method Jjik FEIENHE LW BREL. WERVE R LB — A @R, 75 2 RBUE IR S A R
F—Aargument (R 4N self). Z: 0L function FMnested scope.

method resolution order —J5 iEMRATIRE 5 V5 FEAT I3 it /2 02 $R A% D2 8 R 2 L B - e R 7 . 1
#E Python 2.3 Jy VAT TR 2.3 IR Python BT T FAH B 141

module fiHt JH:XT%E Python U5 —FhAH 2L AN . S B A ST W44 25 (0], AT & fE 7 Python X 4.
FEHRT @ i importing FRAFR N3] Python Ff,
55 Wpackage.

module spec B — Ny 4 2SR, HAd & H T &SRR XS ARG E. & importlib.
machinery.ModuleSpec HJSEH.

MRO = ILmethod resolution order ,
mutable —w48 FIASXTZ AT AYER id () GRAFREDE G OL T BUBHIUE . 5336 S Wimmutable .

named tuple —E.#45¢4] Any tuple-like class whose indexable elements are also accessible using named attributes (for
example, time . localtime () returns a tuple-like object where the year is accessible either with an index such
as t [0] or with a named attribute like t . tm_year).

A named tuple can be a built-in type such as time.struct_time, or it can be created with a regular
class definition. A full featured named tuple can also be created with the factory function collections.
namedtuple (). The latter approach automatically provides extra features such as a self-documenting represen-
tation like Employee (name="jones', title='programmer').
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namespace —fir %3] iy 44 2 MR AEUE RN . s S RA 8. &R NER, AR riRE
HSE) (FEHIEZ W) o v 25108 2 B 1E v 44 oh 58 R SR ppsidlefb . 5, pR% builtins. Open'ﬁ
os.open () @4 H W 25 AR IR 4. fin 44 25 0] 0 38 1o BH i A B S BRIRAS R BSOR 35 Bl 3 5
ﬂiﬁﬁﬂﬂﬁ’ﬁf‘@ 4N, random.seed() B itertools.islice( Lﬁ'ﬁ%@?@%Tﬁﬁ“@’ﬁ%
B random 5 itertools FiH - HISLELT .

namespace package —iy #4243 M{L PEP 420 it 5| A —Fp {08 I VE 258 Mpackage , w44 235 A4S A] PATR
Bk IR, HAid T Hregular package KRR, FEAEATRA __init__.py Xff.
FHAIZ Wmodule ,

nested scope —ix £ IR 75— SGEEI NG IS ERIRe 1. B, e — R W K sREmT PAS |
RIE AR & R IR EE I ERA R nglﬂﬁﬁxﬁlﬁﬁﬁ}r&kﬁﬂﬁﬁo JaERAS R L E # A2 PR T i R E
M. BRI, £RARMESIERT2RtA 0. #id nonlocal XTI ARTEAINZIEH
i

new-style lass —HAYs AT F WIELHE AT S0 A0 IR . 759640 Python A, LTSS
3458 Python BT R IEARHE AN _slots_ . HOAME I IEE. _getactribute_ ()|

H TR S

object —X R (LM EARES BMESUE) PAKTE XATh (J5¥E) WIEE. object t 2 {Tfilnew-style class 1) #x
TiZHRAA

package —f, — P A] G & TR B 00 & B0 Python module, MIEAR PG, G2 H __path_ @M
f4 Python i,

Y52 W regular package Fnamespace package.

parameter J6% funciion (SJrvk) 7 SLUREIG A 50K, B HEE BT DB arqument  (siAERC2eN;
W, ZA%E). AT

* positional-or-keyword : {7 E B BT, F5E DV DMERNE E A3 8 AW AT DAVE N X 48 F 2 1%
AW, X RBIAWTES AL, HIUTR K foo F1 bar:

def func(foo, bar=None): ...

* positional-only: {LFRAIE, € — HBEHALEE AR SE. Python Hilcf E AR ETE 21
k. (AR NEREA MURMEES (il abs ().

* keyword-only: {{FRKEET:, F5& A~ HABE LT REFAE AN SE. AR FIE S v 7 R
EXWIES P Rt & AT A E TS EETE L2 N AN B IS Z Ji— * ke S, Bl
TATHY kw_onlyl F1 kw_only2:

’def func(arg, *, kw_onlyl, kw_only2): ... ‘

* var-positional: ][RI, € W] ABRME f—MERECR AL B SEA T (FEITEHAE 2
CRZNNESHZIG). RIS AR S AR * KE L, Bl FE args:

’def func (*args, **kwargs): ... ‘

* var-keyword: FAZRHEF, HEE A DASRBUE AR S T S A (FEOITE MBS C #3205
FLRZIG) . RIS EETEIE S ARG «* e L, Bl Lmr kwargs.

FEZ T VAR 8 € AT e S 4L, AT A S SE T e S 40008 E BRI -

W2 Wargument RIEFZH . SEEESHX BT H)E ILE S, inspect .Parameter 2%, function —
LK PEP 362,

path entry —P8$2 A 11 import path W —A BN E, S8ipath based finder F{ 2 1R 5 A RIRLERE

path entry finder &2 A D AR ES F—0[ AN S sys.path_hooks (Bipath entry hook) & 8] ) finder
WA GRS S path entry g R
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2% importlib.abc.PathEntryFinder DA T D ARSI SLIAI AN ¥

path entry hook —B 4% A 111 — AT X4, FEJNTE QR[5 4R 58 path entry W 00 BEAS 6 11
sys.path_hook 5|3k [0]l—" path entry finder.

path based finder —3& T BARM AR BONR—Fh Lk 12 53835, WHAE—Dimport path H &AL,

path-like object R M R N FK— D UHERFE AN G KA R —DFRBEEN str i
bytes X%, W[ PA— LI T os.PathLike MM S . —A3ZHF os.PathLike MHUAIXI S
Al os. fspath () REEEIR N str B bytes REM N/ RLEPKIE; os. fsdecode ()
os.fsencode () A5 I RMPRIKS str o bytes BBIPWLER . x5 2 PEP 519 5| A,

PEP “Python I Y345 . — 1 PEP L —Griki SCRY, JHIf Python 4 RHEFEL, shifiia
A Python Iy BFHFPE B FLHEES SRS . PEP 1A B 0RO S0 A BTSSR R E]
PEP [l it B A HN . WCHERRDCA A BRI I DA B R 5 AT, Python B e 5
SCRAH L. PEP {8 A IEFEAE A D PR IR, T BRI B UL A SO
Z I, PEP 1,

portion —{#i5y H R — iy &4 S WHY A H RN SO (RATREAAI T — zip SCFA) , HAGE UL
PEP 420.

positional argument —\i & 28 £ Wargument .

provisional APT —# 5 API & APT @357 B HERTERME RN ) Jo A A MR Z AN B gz 11 . AR
W Tl AN 2 A HRME, (HHBHRC R E, ST RBTEAR O KB A L E B LT
PTG AAN TN (B2 ORERERIZED) . M SO SRR T-E APL B INAZ fi k%
3 1) ™ BBt P R B i B AT RE S X AL
R @ X APT R UL, 0] 5 AR S Sl B eI 587 — ] R R i A B
XA RRAE AR B —Fh ) IS A il T 5
PR AP AR AR FERF SR WTHBE AN TR0 M KRBT A I . RS DL PEP 411,

provisional package —£[ ¢l 2 W provisional AP,

Python 3000 Python 3.x %A FEZIIEAR (X2 FAERRAS 3 1 LA RERE LI BTt T il 7)o« A
%ﬁ%gj{j “Py3k”o

Pythonic $55—™ L% 80— B USSR 35 8E0H T Python o 5 e RO XA FIBE &, AN 2 (o AL o 5 v e
AR A S BACRS . BN, Python [ I XAR 2 (] £or TRAIIRERAM ) — >l AU R i T T
o WZHAE S A AR, AP Python A I 2 W6 — MO T -

for i in range(len(food)):
print (food[i])

TR, Y B 1575 B Pythonic (77 34 /& X FERY:

for piece in food:
print (piece)

qualified name —fRsE HFK —NPAS SR TR,  Bom WBTHAY 2 JR VR B e v i LR bR
B0 BT, MHE I PEP 3155, T i Z A RECRIZE, FREA RS XR AR —E

>>> class C:
class D:
def meth (self):
pass
>>> C._ _qualname_
IC’

(Rt
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(R —H)

>>> C.D.__gualname___

'Cc.D'

>>> C.D.meth._qualname___
'C.D.meth’

295 T 5 AR, % RE S AR AR R IR LSS TR N i AR, s a1 AL
, il email .mime.text:

>>> import email.mime.text
>>> emaill.mime.text. name
'email.mime.text'

reference count —5 | -5 X4 E X R A0TSR . 24— DX a5 TR B mE, B e SR gore
e 51ATTHECT Python AT K il # 2 A T LAY, {H'E SR CPython SEFLH)— R HEICE . sys BBLUE L
T—A~getrefcount () pREL, FEF G2 ATUE B AR mIR X205 | 4L

regular package ¥ MLAL A4 package, BIINELESH—A _init__.py UAFRIHF.
2 Wnamespace package ,

_slots__ —FEGYEA N TR AT B, 18 1 951 5 7 B S 1) JaR 1R A 0 R I RS R S 01 7 R 548 A BRI R
TARGAT, HARZNE AR, St RRBAEDBAROUT RN, BN iRy, 7
HIH A a5 KRS

sequence —J¥:-41] —Fhirerable, TSR _ getitem () JR5R IR A BERS | T E RN T E TR,
HEXL T —MREFHKER __len_ () FiE. WEFHIZKAA 1list, str, tuple fil bytes,
WEER dict BHH _ getitem () Al __len_ (), {HEHANBTME RS, K AEE
RIS F AT B i) immutable ST AEFEHL

collections.abc.Sequence MR HREXN T —TMEEEFEWED, BT _ _getitem_ ()
H__len_ (), WIT count (), index (), __contains__ () fl __reversed__ () . W[ PA#EH
register () RAJEM LI FEH OREAL.

single dispatch — i}k —Fhgeneric function 73R, HELBUEEET A SR FBDRIERE ) -

slice —YJ 1 % RS T @ sequence —FR X5 Yl (A FAsbricRal@m, & (1 Pl
JIANLAE B TErErs, fltl variable_name[1:3:5]1. 4SS (FR) FRCERNEREH slice Xt
%

special method %55k Jjik —7fih Python [ M7k, HIRIFARBPATRE BRAEBIAIHT I SF 45 . X
M5 IER A FRE T AR TR LR . REFATT ¥R SCH 2 DL specialnames .,

statement —ifi4y EA TR (— MUY “H) BYASERLL. —ARIE R AT AR —Dexpression BILANHIAT K
SEFERYEERY, BN if. while B for.

struct sequence A tuple with named elements. Struct sequences expose an interface similar to named tuple in that
elements can be accessed either by index or as an attribute. However, they do not have any of the named tuple

methods like _make () or _asdict (). Examples of struct sequences include sys.float_info and the
return value of os.stat ().

text encoding — LGRS H]TF Unicode “FA4F 5 4t -l 715 Hh ) G2 -

text file —SCASCHE —FPEEIETEE str W1 file object . 33— SCAS SCAESZ B 235 M) — 4N T 1) 2 1A B3
T H ik Brext encoding . SCASCAFHIBIFAFEASCARIE (Trr 3% 'w') FTHIRSCHE. sys.stdin,
sys.stdout PAM io.StringIO fY3LH,
FWSEbinary file | fRREVS S F 7 K3 2 SR

triple-quoted string —— 5 "53¢ fFh RS =AEEWE1S () sFH515 () WP, BITEDREL
HERES 519t TR A2, B2t ENarirETfFHanNEERE
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e ARG S HINE S, H A DABS B AT JO T G HESRAT , (E20 5 SOR A0 R IPRE 5

type R KA YusE—A> Python X4 @ FATAMIE; HAXTRARHRAG —Fh2RA., BHHEXTRMZRAL, 7T ATS
HER __class__ J@¥, sl type (obj) KIRKHL,

type alias YR — ARG R S, B1ETT 2O B IR 4517 E FOPRIRAT .
KRB BRI fa A X 2w . Biln:

from typing import List, Tuple

def remove_gray_shades (
colors: List[Tuple[int, int, int]]) -> List[Tuplel[int, int, int]]:
pass

] DA B Ry e

from typing import List, Tuple
Color = Tuple[int, int, int]

def remove_gray_shades (colors: List[Color]) -> List[Color]:
pass

Z)L typing fll PEP 484, HAA Xt LI RERY HEAR iAo
type hint RBIPLR annotarion yAE R K@M, eRENTE S Bk oM e E TUYI 282 .

RAERE T RIS, Python ABSKAEHE, (HHAXEFARA M THARIEN, FF A ) IDE S8 A
A S,

&R, RIBMER R R B R A typing.get_type_hints () Ry, {HJEHRAS &N
AHTPA,

Z: L typing HI PEP 484, HAA XS I R TEAR A «

universal newlines —Jl I #A7 — PR LSO A2, KA T TR FF S8R B TE bR - Unix (7745
243 "\n', Windows fJZy5E '\r\n"' PASKIHIR Macintosh 255 "\r' . 2L PEP 278 1 PEP 3116 F
bytes.splitlines () JTEHEZ M.

variable annotation bRl XS B82S B M annotation.,
TEVREAS BSR4 AT ek LA

class C:
field: 'annotation'

AR EAREE T O A K AR 0 BINDA R AR B2 int JREURO(E:

count: int = 0

AF AR TEYA A AR L. annassign —7 .
S function annotation, PEP 484 F1 PEP 526, H P B RER A .
virtual environment -WEHSLIRSE — R S B5H0I2 7SR 5t Python J PV JFRF-(E 4k RIS
2 Python 4% LN R 2 ALl — #4270 LA Python 17 IR 7070
HZ I venv,

virtual machine —JE#IBL — & 58 438 & 84 SCHTH AL Python FE 4BUAIL W] 04T 7 15 AL 4 13 4% JUr A=
Hbytecode.
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Zen of Python —Python Z#ifi 5|t} Python St AYJEIN 5824, A B) T RIS X AET . AR HRAKNE
TR HRASE R A [import thislo
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BARIELEFIRA S 14

15 LB S 28 Sphinx  (—{# 5(E] Python [EJWA SR 85 1 SRR BERS ) M0 reStructured Text 4#57
PR B L A A T o

4l Python [ &, iith H A1) %5 1 I SCPRELERHEAR H BT TR . F AR IR A ik, 75 52 reporting-
bugs EUTE, [EVSAHBA A FoAM i Balpy BB A

B
* Fred L. Drake, Jr., J5lf Python SC{ TR AR M RIEE DA R — K EIAHI1ER .
* A3 reStructuredText F1 Docutils T 41/ Docutils B2 ;
e Fredrik Lundh 454, Sphinx 4¢f) Alternative Python Reference w1-#] H IS 2 00 5 .

B.1 Python {898 BRKE

7% A\#RH[E] Python 1& 137 . Python 121 ik X AN Python [EJRA SCAFET MR . Python FT#(EIfY 5 AA RS &
A ERCEREH, @5 R Misc/ACKS ,

TEFAIE] Python A7 (1488 g B B0k A e 07 3 E R (v (ED ) S e R g A1 !
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apPENDIX C

JE Sh B

C.1 zR#pImE

Python H fif 22§ FI T AR 9224 (CWI, I https://www.cwinl/ ) f#) Guido van Rossum - 1990 4E Y,
W, fER—TT0M ABC [iEF AU . R4 Python 345 T2 5k B HAB AW 5THk, Guido {52 H &
BEH .

1995 4E, Guido 7 #2 Je WNHY E Z A 5T 22 &) (CNRI, I, https://www.cnri.reston.va.us/ ) #4247 Python
ERTTAE, IR A T 2 AU

2000 4£ 71 H, Guido FI Python #.00FF & 41 BA %4 %] BeOpen.com £ 7 T BeOpen PythonLabs [\ . [F4E1 H ,
PythonLabs [#]BA%% F| Digital Creations (¥} & Zope Corporation; [, https://www.zope.org/). 2001 4£, Python #x{4:
H 42y (PSF, I https://www.python.org/psf/) 57, X &A% A4 Python AH S AT AU A1 @ iy 75
221, Zope Corporation FI{E & PSF [ B i i1 .

JI A7 ) Python BAEZITRR) (A KIFURHYE L2 https://opensource.org/ ). P I, #iKZ % Python Jii
AJe GPLARA ) TREL T RANOL .

XfhRA | RE F EE GPL#%?
09.0% 1.2 | n/a 1991-1995 | CWI =
13215212 1995-1999 | CNRI 7=
1.6 1.52 2000 CNRI &
2.0 1.6 2000 BeOpen.com | {5
1.6.1 1.6 2001 CNRI %
2.1 2.0+1.6.1 | 2001 PSF o
2.0.1 2.0+1.6.1 | 2001 PSF P
2.1.1 2.1+2.0.1 | 2001 PSF 2=
2.1.2 2.1.1 2002 PSF =
2.13 2.1.2 2002 PSF 2=
22 GEE | 201 2001 %% | PSF =

ffilE): GPL 345 H A ERF Python {£ GPL R k7. 5 GPL [, Jiif Python ¥ niEAR AL 43 B A UG

W
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A, T JC T TR T A Sk . GPL AR A T IE (15 Python R PAS HVETE GPL R & AT HIAF45 & B ;
HHERFAHENATT .

JRUIARZAE Guido 55 T TAERYSNIREREE , AIfGaX 28 B A oA vl fiE -

C.2 FRERE LAH B E A Python Bk FOF ¢

C.2.1 F PYTHON 3.6.12 §§ PSF o] {ini

1. This LICENSE AGREEMENT is between the Python Software Foundation ("PSE"),_
—and

the Individual or Organization ("Licensee") accessing and otherwise using.
—Python

3.6.12 software in source or binary form and its associated documentation.

2. Subject to the terms and conditions of this License Agreement, PSF hereby
grants Licensee a nonexclusive, royalty-free, world-wide license to.
—reproduce,
analyze, test, perform and/or display publicly, prepare derivative works,
distribute, and otherwise use Python 3.6.12 alone or in any derivative
version, provided, however, that PSF's License Agreement and PSF's notice.
—of
copyright, i.e., "Copyright © 2001-2020 Python Software Foundation; All_
—Rights
Reserved" are retained in Python 3.6.12 alone or in any derivative version
prepared by Licensee.

3. In the event Licensee prepares a derivative work that is based on or
incorporates Python 3.6.12 or any part thereof, and wants to make the
derivative work available to others as provided herein, then Licensee.

—hereby
agrees to include in any such work a brief summary of the changes made to.

—~Python
3.6.12.

4. PSF is making Python 3.6.12 available to Licensee on an "AS IS" basis.

PSEF MAKES NO REPRESENTATIONS OR WARRANTIES, EXPRESS OR IMPLIED. BY WAY OF

EXAMPLE, BUT NOT LIMITATION, PSEF MAKES NO AND DISCLAIMS ANY REPRESENTATION..
—OR

WARRANTY OF MERCHANTABILITY OR FITNESS FOR ANY PARTICULAR PURPOSE OR THAT.
—THE

USE OF PYTHON 3.6.12 WILL NOT INFRINGE ANY THIRD PARTY RIGHTS.

5. PSF SHALL NOT BE LIABLE TO LICENSEE OR ANY OTHER USERS OF PYTHON 3.6.12

FOR ANY INCIDENTAL, SPECIAL, OR CONSEQUENTIAL DAMAGES OR LOSS AS A RESULT.
—OF

MODIFYING, DISTRIBUTING, OR OTHERWISE USING PYTHON 3.6.12, OR ANY.
—DERIVATIVE

THEREOF, EVEN IF ADVISED OF THE POSSIBILITY THEREOF.
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6. This License Agreement will automatically terminate upon a material breach.
—~of
its terms and conditions.

7. Nothing in this License Agreement shall be deemed to create any.
—relationship

of agency, partnership, or joint venture between PSF and Licensee. This.
—~License

Agreement does not grant permission to use PSF trademarks or trade name in.
—a

trademark sense to endorse or promote products or services of Licensee, or.
—any

third party.

8. By copying, installing or otherwise using Python 3.6.12, Licensee agrees
to be bound by the terms and conditions of this License Agreement.

C.2.2 FF PYTHON 2.0 fj BEOPEN.COM # &Il

BEOPEN PYTHON JFE 14 ] P ER 1 AR

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

2. Subject to the terms and conditions of this BeOpen Python License Agreement,
BeOpen hereby grants Licensee a non-exclusive, royalty-free, world-wide license
to reproduce, analyze, test, perform and/or display publicly, prepare derivative
works, distribute, and otherwise use the Software alone or in any derivative
version, provided, however, that the BeOpen Python License is retained in the
Software, alone or in any derivative version prepared by Licensee.

3. BeOpen is making the Software available to Licensee on an "AS IS" basis.
BEOPEN MAKES NO REPRESENTATIONS OR WARRANTIES, EXPRESS OR IMPLIED. BY WAY OF
EXAMPLE, BUT NOT LIMITATION, BEOPEN MAKES NO AND DISCLAIMS ANY REPRESENTATION OR
WARRANTY OF MERCHANTABILITY OR FITNESS FOR ANY PARTICULAR PURPOSE OR THAT THE
USE OF THE SOFTWARE WILL NOT INFRINGE ANY THIRD PARTY RIGHTS.

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

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

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

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

C.2.3 FiF PYTHON 1.6.1 ) CNRI o] ¥

1. This LICENSE AGREEMENT is between the Corporation for National Research
Initiatives, having an office at 1895 Preston White Drive, Reston, VA 20191
("CNRI"), and the Individual or Organization ("Licensee") accessing and
otherwise using Python 1.6.1 software in source or binary form and its
associated documentation.

2. Subject to the terms and conditions of this License Agreement, CNRI hereby
grants Licensee a nonexclusive, royalty-free, world-wide license to reproduce,
analyze, test, perform and/or display publicly, prepare derivative works,
distribute, and otherwise use Python 1.6.1 alone or in any derivative version,
provided, however, that CNRI's License Agreement and CNRI's notice of copyright,
i.e., "Copyright © 1995-2001 Corporation for National Research Initiatives; All
Rights Reserved" are retained in Python 1.6.1 alone or in any derivative version
prepared by Licensee. Alternately, in lieu of CNRI's License Agreement,
Licensee may substitute the following text (omitting the quotes): "Python 1.6.1
is made available subject to the terms and conditions in CNRI's License
Agreement. This Agreement together with Python 1.6.1 may be located on the
Internet using the following unique, persistent identifier (known as a handle):
1895.22/1013. This Agreement may also be obtained from a proxy server on the
Internet using the following URL: http://hdl.handle.net/1895.22/1013."

3. In the event Licensee prepares a derivative work that is based on or
incorporates Python 1.6.1 or any part thereof, and wants to make the derivative
work available to others as provided herein, then Licensee hereby agrees to
include in any such work a brief summary of the changes made to Python 1.6.1.

4. CNRI is making Python 1.6.1 available to Licensee on an "AS IS" basis. CNRI
MAKES NO REPRESENTATIONS OR WARRANTIES, EXPRESS OR IMPLIED. BY WAY OF EXAMPLE,
BUT NOT LIMITATION, CNRI MAKES NO AND DISCLAIMS ANY REPRESENTATION OR WARRANTY
OF MERCHANTABILITY OR FITNESS FOR ANY PARTICULAR PURPOSE OR THAT THE USE OF
PYTHON 1.6.1 WILL NOT INFRINGE ANY THIRD PARTY RIGHTS.

5. CNRI SHALL NOT BE LIABLE TO LICENSEE OR ANY OTHER USERS OF PYTHON 1.6.1 FOR
ANY INCIDENTAL, SPECIAL, OR CONSEQUENTIAL DAMAGES OR LOSS AS A RESULT OF
MODIFYING, DISTRIBUTING, OR OTHERWISE USING PYTHON 1.6.1, OR ANY DERIVATIVE
THEREOF, EVEN IF ADVISED OF THE POSSIBILITY THEREOEF.

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

7. This License Agreement shall be governed by the federal intellectual property
law of the United States, including without limitation the federal copyright
law, and, to the extent such U.S. federal law does not apply, by the law of the
Commonwealth of Virginia, excluding Virginia's conflict of law provisions.
Notwithstanding the foregoing, with regard to derivative works based on Python
1.6.1 that incorporate non-separable material that was previously distributed
under the GNU General Public License (GPL), the law of the Commonwealth of
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Virginia shall govern this License Agreement only as to issues arising under or
with respect to Paragraphs 4, 5, and 7 of this License Agreement. Nothing in
this License Agreement shall be deemed to create any relationship of agency,
partnership, or joint venture between CNRI and Licensee. This License Agreement
does not grant permission to use CNRI trademarks or trade name in a trademark
sense to endorse or promote products or services of Licensee, or any third
party.

8. By clicking on the "ACCEPT" button where indicated, or by copying, installing
or otherwise using Python 1.6.1, Licensee agrees to be bound by the terms and
conditions of this License Agreement.

C.2.4 FF PYTHON 0.9.0 E 1.2 5 CWI ¥ a]Hpix

Copyright © 1991 - 1995, Stichting Mathematisch Centrum Amsterdam, The
Netherlands. All rights reserved.

Permission to use, copy, modify, and distribute this software and its
documentation for any purpose and without fee is hereby granted, provided that
the above copyright notice appear in all copies and that both that copyright
notice and this permission notice appear in supporting documentation, and that
the name of Stichting Mathematisch Centrum or CWI not be used in advertising or
publicity pertaining to distribution of the software without specific, written
prior permission.

STICHTING MATHEMATISCH CENTRUM DISCLAIMS ALL WARRANTIES WITH REGARD TO THIS
SOFTWARE, INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS, IN NO
EVENT SHALL STICHTING MATHEMATISCH CENTRUM BE LIABLE FOR ANY SPECIAL, INDIRECT
OR CONSEQUENTIAL DAMAGES OR ANY DAMAGES WHATSOEVER RESULTING FROM LOSS OF USE,
DATA OR PROFITS, WHETHER IN AN ACTION OF CONTRACT, NEGLIGENCE OR OTHER TORTIOUS
ACTION, ARISING OUT OF OR IN CONNECTION WITH THE USE OR PERFORMANCE OF THIS
SOFTWARE.

C.3 WU 89T ol 5055
AT 2 Python JATHUIACTA 5 =y BOPHI VT RIBIIT A, WA LR A e FLRIE A K

C.3.1 Mersenne Twister

_random IR E E T http://www.math.sci.hiroshima-u.ac.jp/~m-mat/MT/MT2002/emt19937ar.html F 2511,
5. PRSI se iR (FR):

A C-program for MT19937, with initialization improved 2002/1/26.
Coded by Takuji Nishimura and Makoto Matsumoto.

Before using, initialize the state by using init_genrand (seed)
or init_by_array (init_key, key_length).

Copyright (C) 1997 - 2002, Makoto Matsumoto and Takuji Nishimura,
All rights reserved.

(Qi¥i#3)
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Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions
are met:

1. Redistributions of source code must retain the above copyright
notice, this list of conditions and the following disclaimer.

2. Redistributions in binary form must reproduce the above copyright
notice, this list of conditions and the following disclaimer in the
documentation and/or other materials provided with the distribution.

3. The names of its contributors may not be used to endorse or promote
products derived from this software without specific prior written
permission.

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS
"AS IS" AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT
LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR
A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE COPYRIGHT OWNER OR
CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL,
EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO,
PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR
PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF
LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING
NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE OF THIS
SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.

Any feedback is very welcome.
http://www.math.sci.hiroshima-u.ac.jp/~m-mat/MT/emt.html
email: m-mat @ math.sci.hiroshima-u.ac.jp (remove space)

C3.2 EfEx

socket U] getaddrinfo () fl getnameinfo () ML, XLEREIFAASLE WIDE IiH (http://www.
wide.ad.jp/) B R SCARH

Copyright (C) 1995, 1996, 1997, and 1998 WIDE Project.
All rights reserved.

Redistribution and use in source and binary forms, with or without

modification, are permitted provided that the following conditions

are met:

1. Redistributions of source code must retain the above copyright
notice, this list of conditions and the following disclaimer.

2. Redistributions in binary form must reproduce the above copyright
notice, this list of conditions and the following disclaimer in the
documentation and/or other materials provided with the distribution.

3. Neither the name of the project nor the names of its contributors
may be used to endorse or promote products derived from this software
without specific prior written permission.

THIS SOFTWARE IS PROVIDED BY THE PROJECT AND CONTRIBUTORS " "AS IS'' AND
ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE

(Rt
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IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE
ARE DISCLAIMED. IN NO EVENT SHALL THE PROJECT OR CONTRIBUTORS BE LIABLE
FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL
DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS

OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT
LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY
OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF
SUCH DAMAGE.

C.3.3 Floating point exception control

The source for the fpect 1 module includes the following notice:

/ Copyright (c) 1996. \
The Regents of the University of California.
All rights reserved.

Permission to use, copy, modify, and distribute this software for
any purpose without fee is hereby granted, provided that this en-
tire notice is included in all copies of any software which is or
includes a copy or modification of this software and in all
copies of the supporting documentation for such software.

This work was produced at the University of California, Lawrence
Livermore National Laboratory under contract no. W-7405-ENG-48
between the U.S. Department of Energy and The Regents of the
University of California for the operation of UC LLNL.

DISCLAIMER

This software was prepared as an account of work sponsored by an
agency of the United States Government. Neither the United States
Government nor the University of California nor any of their em-
ployees, makes any warranty, express or implied, or assumes any
liability or responsibility for the accuracy, completeness, or
usefulness of any information, apparatus, product, or process
disclosed, or represents that 1ts wuse would not infringe
privately-owned rights. Reference herein to any specific commer-
cial products, process, or service Dby trade name, trademark,
manufacturer, or otherwise, does not necessarily constitute or
imply 1its endorsement, recommendation, or favoring by the United
States Government or the University of California. The views and
opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or the University
of California, and shall not be used for advertising or product
\  endorsement purposes. /
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asynchat and asyncore B & DA FEHH:

Copyright 1996 by Sam Rushing
All Rights Reserved

Permission to use, copy, modify, and distribute this software and
its documentation for any purpose and without fee is hereby
granted, provided that the above copyright notice appear in all
copies and that both that copyright notice and this permission
notice appear in supporting documentation, and that the name of Sam
Rushing not be used in advertising or publicity pertaining to
distribution of the software without specific, written prior
permission.

SAM RUSHING DISCLAIMS ALL WARRANTIES WITH REGARD TO THIS SOFTWARE,
INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS, IN
NO EVENT SHALL SAM RUSHING BE LIABLE FOR ANY SPECIAL, INDIRECT OR
CONSEQUENTIAL DAMAGES OR ANY DAMAGES WHATSOEVER RESULTING FROM LOSS
OF USE, DATA OR PROFITS, WHETHER IN AN ACTION OF CONTRACT,
NEGLIGENCE OR OTHER TORTIOUS ACTION, ARISING OUT OF OR IN
CONNECTION WITH THE USE OR PERFORMANCE OF THIS SOFTWARE.

C.3.5 Cookie &1

http.cookies FiIRALS AT H:

Copyright 2000 by Timothy O'Malley <timo@alum.mit.edu>
All Rights Reserved

Permission to use, copy, modify, and distribute this software

and its documentation for any purpose and without fee is hereby
granted, provided that the above copyright notice appear in all
copies and that both that copyright notice and this permission
notice appear in supporting documentation, and that the name of
Timothy O'Malley not be used in advertising or publicity

pertaining to distribution of the software without specific, written
prior permission.

Timothy O'Malley DISCLAIMS ALL WARRANTIES WITH REGARD TO THIS
SOFTWARE, INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY
AND FITNESS, IN NO EVENT SHALL Timothy O'Malley BE LIABLE FOR
ANY SPECIAL, INDIRECT OR CONSEQUENTIAL DAMAGES OR ANY DAMAGES
WHATSOEVER RESULTING FROM LOSS OF USE, DATA OR PROFITS,
WHETHER IN AN ACTION OF CONTRACT, NEGLIGENCE OR OTHER TORTIOUS
ACTION, ARISING OUT OF OR IN CONNECTION WITH THE USE OR
PERFORMANCE OF THIS SOFTWARE.

88 Appendix C. FEshELigig




Extending and Embedding Python, £(F] 3.6.12

C.3.6 MITERR

trace B S PA T AEH:

portions copyright 2001, Autonomous Zones Industries, Inc., all rights...
err... reserved and offered to the public under the terms of the

Python 2.2 license.

Author: Zooko O'Whielacronx

http://zooko.com/

mailto:zooko@zooko.com

Copyright 2000, Mojam Media, Inc., all rights reserved.
Author: Skip Montanaro

Copyright 1999, Bioreason, Inc., all rights reserved.
Author: Andrew Dalke

Copyright 1995-1997, Automatrix, Inc., all rights reserved.
Author: Skip Montanaro

Copyright 1991-1995, Stichting Mathematisch Centrum, all rights reserved.

Permission to use, copy, modify, and distribute this Python software and
its associated documentation for any purpose without fee is hereby
granted, provided that the above copyright notice appears in all copies,
and that both that copyright notice and this permission notice appear in
supporting documentation, and that the name of neither Automatrix,
Bioreason or Mojam Media be used in advertising or publicity pertaining to
distribution of the software without specific, written prior permission.

C.3.7 UUencode E UUdecode &%l

uu B DA R

Copyright 1994 by Lance Ellinghouse
Cathedral City, California Republic, United States of America.

All Rights Reserved
Permission to use, copy, modify, and distribute this software and its
documentation for any purpose and without fee is hereby granted,
provided that the above copyright notice appear in all copies and that
both that copyright notice and this permission notice appear in
supporting documentation, and that the name of Lance Ellinghouse
not be used in advertising or publicity pertaining to distribution
of the software without specific, written prior permission.
LANCE ELLINGHOUSE DISCLAIMS ALL WARRANTIES WITH REGARD TO
THIS SOFTWARE, INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY AND
FITNESS, IN NO EVENT SHALL LANCE ELLINGHOUSE CENTRUM BE LIABLE
FOR ANY SPECIAL, INDIRECT OR CONSEQUENTIAL DAMAGES OR ANY DAMAGES
WHATSOEVER RESULTING FROM LOSS OF USE, DATA OR PROFITS, WHETHER IN AN
ACTION OF CONTRACT, NEGLIGENCE OR OTHER TORTIOUS ACTION, ARISING OUT
OF OR IN CONNECTION WITH THE USE OR PERFORMANCE OF THIS SOFTWARE.

Modified by Jack Jansen, CWI, July 1995:
— Use binascii module to do the actual line-by-line conversion
between ascii and binary. This results in a 1000-fold speedup. The C

(Rt

C.3. WURIRHFEYIFETiE SIS H

89




Extending and Embedding Python, %([F] 3.6.12

(R —H)

version is still 5 times faster, though.
- Arguments more compliant with Python standard

C.3.8 XML 2T =iAMA

xmlrpc.client BEHEE DA R ER:

The XML-RPC client interface is

Copyright (c) 1999-2002 by Secret Labs AB
Copyright (c) 1999-2002 by Fredrik Lundh

By obtaining, using, and/or copying this software and/or its
associated documentation, you agree that you have read, understood,
and will comply with the following terms and conditions:

Permission to use, copy, modify, and distribute this software and
its associated documentation for any purpose and without fee is
hereby granted, provided that the above copyright notice appears in
all copies, and that both that copyright notice and this permission
notice appear in supporting documentation, and that the name of
Secret Labs AB or the author not be used in advertising or publicity
pertaining to distribution of the software without specific, written
prior permission.

SECRET LABS AB AND THE AUTHOR DISCLAIMS ALL WARRANTIES WITH REGARD
TO THIS SOFTWARE, INCLUDING ALL IMPLIED WARRANTIES OF MERCHANT-
ABILITY AND FITNESS. IN NO EVENT SHALL SECRET LABS AB OR THE AUTHOR
BE LIABLE FOR ANY SPECIAL, INDIRECT OR CONSEQUENTIAL DAMAGES OR ANY
DAMAGES WHATSOEVER RESULTING FROM LOSS OF USE, DATA OR PROFITS,
WHETHER IN AN ACTION OF CONTRACT, NEGLIGENCE OR OTHER TORTIOUS
ACTION, ARISING OUT OF OR IN CONNECTION WITH THE USE OR PERFORMANCE
OF THIS SOFTWARE.

C.3.9 test_epoll

test_epoll B EHDATFEM:

Copyright (c) 2001-2006 Twisted Matrix Laboratories.

Permission is hereby granted, free of charge, to any person obtaining
a copy of this software and associated documentation files (the
"Software"), to deal in the Software without restriction, including
without limitation the rights to use, copy, modify, merge, publish,
distribute, sublicense, and/or sell copies of the Software, and to
permit persons to whom the Software is furnished to do so, subject to
the following conditions:

The above copyright notice and this permission notice shall be
included in all copies or substantial portions of the Software.

THE SOFTWARE IS PROVIDED "AS IS", WITHOUT WARRANTY OF ANY KIND,
EXPRESS OR IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF

(Rt
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MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE AND

NONINFRINGEMENT. IN NO EVENT SHALL THE AUTHORS OR COPYRIGHT HOLDERS BE
LIABLE FOR ANY CLAIM, DAMAGES OR OTHER LIABILITY, WHETHER IN AN ACTION
OF CONTRACT, TORT OR OTHERWISE, ARISING FROM, OUT OF OR IN CONNECTION

WITH THE SOFTWARE OR THE USE OR OTHER DEALINGS IN THE SOFTWARE.

C.3.10 Select kqueue

select MiH KT kqueue B S DA T AEH:

Copyright (c) 2000 Doug White, 2006 James Knight, 2007 Christian Heimes
All rights reserved.

Redistribution and use in source and binary forms, with or without

modification, are permitted provided that the following conditions

are met:

1. Redistributions of source code must retain the above copyright
notice, this list of conditions and the following disclaimer.

2. Redistributions in binary form must reproduce the above copyright
notice, this list of conditions and the following disclaimer in the
documentation and/or other materials provided with the distribution.

THIS SOFTWARE IS PROVIDED BY THE AUTHOR AND CONTRIBUTORS "~ "AS IS'' AND

ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE
IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE
ARE DISCLAIMED. IN NO EVENT SHALL THE AUTHOR OR CONTRIBUTORS BE LIABLE
FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL
DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS

OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT
LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY
OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF
SUCH DAMAGE.

C.3.11 SipHash24

The file Pyt hon/pyhash. c contains Marek MajkowskiJ implementation of Dan Bernstein’ s SipHash24 algorithm.
The contains the following note:

<MIT License>
Copyright (c) 2013 Marek Majkowski <marek@popcount.org>

Permission is hereby granted, free of charge, to any person obtaining a copy
of this software and associated documentation files (the "Software"), to deal
in the Software without restriction, including without limitation the rights
to use, copy, modify, merge, publish, distribute, sublicense, and/or sell
copies of the Software, and to permit persons to whom the Software is
furnished to do so, subject to the following conditions:

The above copyright notice and this permission notice shall be included in
all copies or substantial portions of the Software.
</MIT License>

(Rt
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Original location:
https://github.com/majek/csiphash/

Solution inspired by code from:
Samuel Neves (supercop/crypto_auth/siphash24/1little)
djb (supercop/crypto_auth/siphash24/1ittle2)
Jean-Philippe Aumasson (https://131002.net/siphash/siphash24.c)

C.3.12 strtod and dtoa

Python/dtoa.c XML T CiEF 1 dtoa Fil strtod pR%L, TR C 155 WSO FE BUR FAF R E 7440, %
SCFH David M. Gay [ 4 SCHFIRAE T K, 24T AT http://www.netlib.org/fp/ T #k. 2009 4E 3 H 16 H¥:Z& %
A D 3 S 25 DA BOBUR 1 v s B

/****************************************************************

The author of this software is David M. Gay.

* % o

Copyright (c) 1991, 2000, 2001 by Lucent Technologies.

* % o

Permission to use, copy, modify, and distribute this software for any
purpose without fee is hereby granted, provided that this entire notice
is included in all copies of any software which is or includes a copy
or modification of this software and in all copies of the supporting
documentation for such software.

* % o

* % o

THIS SOFTWARE IS BEING PROVIDED "AS IS", WITHOUT ANY EXPRESS OR IMPLIED
* WARRANTY. IN PARTICULAR, NEITHER THE AUTHOR NOR LUCENT MAKES ANY

* REPRESENTATION OR WARRANTY OF ANY KIND CONCERNING THE MERCHANTABILITY

* OF THIS SOFTWARE OR ITS FITNESS FOR ANY PARTICULAR PURPOSE.

*

‘k***‘k*‘k**‘k******‘k*‘k**‘k**‘k*‘k*‘k*‘k*****‘k*‘k************************/

C.3.13 OpenSSL

IR BRAE RS T, W hashlib, posix, ssl, crypt b {# I OpenSSL F 42 F5 k. Iob, &MT
Python fj Windows il Mac OS X %5 F/ 1] A £ 4% OpenSSL FERAF% UL, FIf AZEILAR 351 i T OpenSSL ¥
SERHE I

LICENSE ISSUES

The OpenSSL toolkit stays under a dual license, i.e. both the conditions of
the OpenSSL License and the original SSLeay license apply to the toolkit.
See below for the actual license texts. Actually both licenses are BSD-style
Open Source licenses. In case of any license issues related to OpenSSL
please contact openssl-core@openssl.org.

OpenSSL License

(T IUaksE)
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Copyright (c) 1998-2008 The OpenSSL Project. All rights reserved.

Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions
are met:

1. Redistributions of source code must retain the above copyright
notice, this list of conditions and the following disclaimer.

2. Redistributions in binary form must reproduce the above copyright
notice, this list of conditions and the following disclaimer in
the documentation and/or other materials provided with the
distribution.

3. All advertising materials mentioning features or use of this
software must display the following acknowledgment:
"This product includes software developed by the OpenSSL Project
for use in the OpenSSL Toolkit. (http://www.openssl.org/)"

4. The names "OpenSSL Toolkit" and "OpenSSL Project" must not be used to
endorse or promote products derived from this software without
prior written permission. For written permission, please contact
openssl-corelopenssl.org.

5. Products derived from this software may not be called "OpenSSL"
nor may "OpenSSL" appear in their names without prior written
permission of the OpenSSL Project.

6. Redistributions of any form whatsoever must retain the following
acknowledgment:
"This product includes software developed by the OpenSSL Project
for use in the OpenSSL Toolkit (http://www.openssl.org/)"

THIS SOFTWARE IS PROVIDED BY THE OpenSSL PROJECT " "AS IS'' AND ANY
EXPRESSED OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE
IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR
PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE OpenSSL PROJECT OR
ITS CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL,
SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT

NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES;

LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)

HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT,
STRICT LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE)
ARISING IN ANY WAY OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED
OF THE POSSIBILITY OF SUCH DAMAGE.

This product includes cryptographic software written by Eric Young
(eay@cryptsoft.com). This product includes software written by Tim
Hudson (tjh@cryptsoft.com).

L S R T S N S N S S N S N S N N S R A e N N N N S N IS e S S N ST N S N S T S S S S N N

Original SSLeay License
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Copyright (C) 1995-1998 Eric Young (eay@cryptsoft.com)
All rights reserved.

This package is an SSL implementation written
by Eric Young (eay@cryptsoft.com).
The implementation was written so as to conform with Netscapes SSL.

This library is free for commercial and non-commercial use as long as
the following conditions are aheared to. The following conditions
apply to all code found in this distribution, be it the RC4, RSA,
lhash, DES, etc., code; not just the SSL code. The SSL documentation
included with this distribution is covered by the same copyright terms
except that the holder is Tim Hudson (tjh@cryptsoft.com).

Copyright remains Eric Young's, and as such any Copyright notices in

the code are not to be removed.

If this package is used in a product, Eric Young should be given attribution
as the author of the parts of the library used.

This can be in the form of a textual message at program startup or

in documentation (online or textual) provided with the package.

Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions
are met:
1. Redistributions of source code must retain the copyright
notice, this list of conditions and the following disclaimer.
2. Redistributions in binary form must reproduce the above copyright
notice, this list of conditions and the following disclaimer in the
documentation and/or other materials provided with the distribution.
3. All advertising materials mentioning features or use of this software
must display the following acknowledgement:
"This product includes cryptographic software written by
Eric Young (eay@cryptsoft.com)"
The word 'cryptographic' can be left out if the rouines from the library
being used are not cryptographic related :-).
4. If you include any Windows specific code (or a derivative thereof) from
the apps directory (application code) you must include an acknowledgement:
"This product includes software written by Tim Hudson (tjh@cryptsoft.com)"

THIS SOFTWARE IS PROVIDED BY ERIC YOUNG " "AS IS'' AND

ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE
IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE
ARE DISCLAIMED. 1IN NO EVENT SHALL THE AUTHOR OR CONTRIBUTORS BE LIABLE
FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL
DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS

OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT
LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY
OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF
SUCH DAMAGE.

The licence and distribution terms for any publically available version or
derivative of this code cannot be changed. i.e. this code cannot simply be
copied and put under another distribution licence

[including the GNU Public Licence.]
/
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C.3.14 expat

BRIAEBE —-with-system—expat BUE TIHE, 50 pyexpat § AR & expat JHHIFE DA EHY:

Copyright (c) 1998, 1999, 2000 Thai Open Source Software Center Ltd
and Clark Cooper

Permission is hereby granted, free of charge, to any person obtaining
a copy of this software and associated documentation files (the
"Software"), to deal in the Software without restriction, including
without limitation the rights to use, copy, modify, merge, publish,
distribute, sublicense, and/or sell copies of the Software, and to
permit persons to whom the Software is furnished to do so, subject to
the following conditions:

The above copyright notice and this permission notice shall be included
in all copies or substantial portions of the Software.

THE SOFTWARE IS PROVIDED "AS IS", WITHOUT WARRANTY OF ANY KIND,
EXPRESS OR IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE AND NONINFRINGEMENT.
IN NO EVENT SHALL THE AUTHORS OR COPYRIGHT HOLDERS BE LIABLE FOR ANY
CLAIM, DAMAGES OR OTHER LIABILITY, WHETHER IN AN ACTION OF CONTRACT,
TORT OR OTHERWISE, ARISING FROM, OUT OF OR IN CONNECTION WITH THE
SOFTWARE OR THE USE OR OTHER DEALINGS IN THE SOFTWARE.

C.3.15 libffi

BRAEGE ——with-system-1ibffi U THH, I _ctypes ¥ ARt Libffi JAHE DM T

Copyright (c) 1996-2008 Red Hat, Inc and others.

Permission is hereby granted, free of charge, to any person obtaining
a copy of this software and associated documentation files (the
‘*Software''), to deal in the Software without restriction, including
without limitation the rights to use, copy, modify, merge, publish,
distribute, sublicense, and/or sell copies of the Software, and to
permit persons to whom the Software is furnished to do so, subject to
the following conditions:

The above copyright notice and this permission notice shall be included
in all copies or substantial portions of the Software.

THE SOFTWARE IS PROVIDED " "AS IS'', WITHOUT WARRANTY OF ANY KIND,
EXPRESS OR IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE AND
NONINFRINGEMENT. IN NO EVENT SHALL THE AUTHORS OR COPYRIGHT
HOLDERS BE LIABLE FOR ANY CLAIM, DAMAGES OR OTHER LIABILITY,
WHETHER IN AN ACTION OF CONTRACT, TORT OR OTHERWISE, ARISING FROM,
OUT OF OR IN CONNECTION WITH THE SOFTWARE OR THE USE OR OTHER
DEALINGS IN THE SOFTWARE.
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C.3.16 zlib

R ARG EAR B 21ib BAKIFTFE kN TH 8, W 5 2lib SRR DR 2110 3 &:

Copyright (C) 1995-2011 Jean-loup Gailly and Mark Adler

This software is provided 'as-is', without any express or implied
warranty. In no event will the authors be held liable for any damages
arising from the use of this software.

Permission is granted to anyone to use this software for any purpose,
including commercial applications, and to alter it and redistribute it
freely, subject to the following restrictions:

1. The origin of this software must not be misrepresented; you must not
claim that you wrote the original software. If you use this software
in a product, an acknowledgment in the product documentation would be
appreciated but is not required.

2. Altered source versions must be plainly marked as such, and must not be
misrepresented as being the original software.

3. This notice may not be removed or altered from any source distribution.

Jean—-loup Gailly Mark Adler
jloup@gzip.org madler@alumni.caltech.edu

C.3.17 cfuhash

tracemalloc i F M7 =0 LB LT cfuhash i H :

Copyright (c) 2005 Don Owens
All rights reserved.

This code is released under the BSD license:

Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions
are met:

* Redistributions of source code must retain the above copyright
notice, this list of conditions and the following disclaimer.

* Redistributions in binary form must reproduce the above
copyright notice, this list of conditions and the following
disclaimer in the documentation and/or other materials provided
with the distribution.

* Neither the name of the author nor the names of its
contributors may be used to endorse or promote products derived
from this software without specific prior written permission.

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS
"AS IS" AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT
LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS
FOR A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE

(Rt
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COPYRIGHT OWNER OR CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT,
INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES
(INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR
SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT,
STRICT LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE)
ARISING IN ANY WAY OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED
OF THE POSSIBILITY OF SUCH DAMAGE.

C.3.18 libmpdec

BRG] —-with-system-libmpdec MU T, BN _decimal BEHUALRE 1 libmpdec FEfKF5 DAY
.

Copyright (c) 2008-2016 Stefan Krah. All rights reserved.

Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions
are met:

1. Redistributions of source code must retain the above copyright
notice, this list of conditions and the following disclaimer.

2. Redistributions in binary form must reproduce the above copyright
notice, this list of conditions and the following disclaimer in the
documentation and/or other materials provided with the distribution.

THIS SOFTWARE IS PROVIDED BY THE AUTHOR AND CONTRIBUTORS "AS IS" AND

ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE
IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE
ARE DISCLAIMED. IN NO EVENT SHALL THE AUTHOR OR CONTRIBUTORS BE LIABLE
FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL
DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS

OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT
LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY
OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF
SUCH DAMAGE.
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Python F1i&E 26302 -

Copyright © 2001-2020 Python Software Foundation, {58 &+ A,

Copyright © 2000 BeOpen.com {4 i — I HEF]

Copyright © 1995-2000 Corporation for National Research Initiatives {4 &4 —JHEF
Copyright © 1991-1995 Stichting Mathematisch Centrum {88 —4JJHEF) .
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EFE

..., 67

2to3, 67

>>> 67

_ future_ ,71
__slots_ ,76
BRS8N

PYTHONPATH, 56

A

abstract base class —— fWHE%, 67

annotation -- #FiE, 67

argument -- 5%, 67

asynchronous context manager -- -+ ¥ L
TXEHEE, 68

asynchronous generator —-- &% 4 & £, 68

asynchronous generator iterator —-- =3

Pk AR R A, 68
asynchronous iterable —- ®# % 7 #% R % £,
68
asynchronous iterator -- #FH#RE, 68
attribute -- B4, 68
awaitable —-- FE£#&FX£, 68

B

BDFL, 68

binary file —- Z3t#| U, 68
bytecode -- F ¥, 68

bytes—like object —-—- FHFEXL, 68

C

C-contiguous, 69

class —— 2%,69

class variable —- %4 &,69
coercion —- | XA H %, 69
complex number —— £ #, 69
context manager —- T X%, 69
contiguous -- #* 4, 69

coroutine -- W4, 69

coroutine function -- WA F L, 69
CPython, 69

D

deallocation, object,48
decorator —-- M, 69
descriptor —- #HAE, 69
dictionary —-- 4,69

dictionary view -- FHME, 70
docstring —- XAHIFEHE,T0
duck-typing —-- #F %A, 70

E

EAFP, 70
expression -- iR, 70
extension module -- # ERH, 70

F

f-string —— f-F4&,70

file object —— XX £,70
file-like object —— XH#%x%£,70
finalization, of objects,48
finder ——- &TH &, 70

floor division —-— i FEERBR &, 70
Fortran contiguous, 69

function —— H#, 70

function annotation -- EHAriE, 70

G

garbage collection —- # 3 [E Y, 71
generator, 71

generator —— 4 K&, 71
generator expression,7l

generator expression -- 4 KBELRER, 71

generator iterator —— 4 K HE%KE, 71

generic function —— Z & H#, 71

GIL,71

global interpreter lock —— 4 & % &4,
71
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H

hashable -- H®BF,71

IDLE, 71

immutable -- 4,72
import path -- S AKRE, 72
importer —— BA#,72

importing —- & A,72
interactive —-- R %,72
interpreted —— @EA, 72

interpreter shutdown —- FB & XM, 72
iterable —— HHERX4£,72
iterator —— #% R #E, 72

K

key function —-- # &%, 72
keyword argument —— *®FHH, T2

L

lambda, 73

LBYL, 73

list —— % %,73

list comprehension —- F|k#EER, 73
loader —-— jn# #,73

M

mapping —- B4, 73
meta path finder -- TLEAEKE, T3

metaclass -- 0,73
method resolution order —-- % ¥ # I 7,
73

method F i, 73
module spec -- HEHHAE, 73
module 3%, 73

MRO, 73

mutable —- 4,73

N

named tuple -- B &G4, 73
namespace —— 4 X, 74
namespace package -- W% X [E 4, 74
nested scope —-- #kEEHH, 74
new-style class -- #FHA%, 74
object

deallocation, 48
finalization,48
object —— X%,74

P

package —-— 4,74

parameter -- 4,74

path based finder -- ETHBEHNEKE, 75
path entry -- BHEANH,74

path entry finder —- BHEANDERKHE, 74
path entry hook —-- E&ANBHTF,75
path-like object —-- BFEEX£,75

PEP, 75

Philbrick, Geoff, 14

portion —-- #4775

positional argument —-- L& S #, 75
provisional API -- % % API,75
provisional package -- ¥ ZEAM4,75

PyArg_ParseTuple (), I3
PyArg_ParseTupleAndKeywords (), 14
PyErr_Fetch(), 48
PyErr_Restore (), 48
PyInit_modulename (C HRX), 56
PyObject_CallObject (), 12
Python 3000, 75
Python Enhancement Proposals

PEP 1,75

PEP 238,70

PEP 278,77

PEP 302,70,73

PEP 343,069

PEP 362,68, 74

PEP 411,75

PEP 420,70, 74,75

PEP 442,49

PEP 443,71

PEP 451,70

PEP 484,67,70,77

PEP 489, 10,56

PEP 492,68, 69

PEP 498,70

PEP 519,75

PEP 525,68

PEP 526,67,77

PEP 3116,77

PEP 3155,75
Pythonic, 75
PYTHONPATH, 56

qualified name —- [RE&W,T5
R

READ_RESTRICTED, 51
READONLY, 51

reference count —- B|fit#k, 76
regular package —- %%ﬂu@,76
repr

Bz & =X, 49

RESTRICTED, 51
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S
sequence —— J¥7%|,76
single dispatch -- B4k, 76

slice —— Y F,76
special method -- #%kF %, 76
statement -- JE4],76
string

object representation,49
struct sequence, 76

T

text encoding —— X A%, 76
text file —-- UAXH,76

triple-quoted string -- Z 5| 5FHH,76

type —— X&,77
type alias —— KA F 4,77
type hint —-- XAERF, 77

universal newlines —- 47,77
variable annotation -- ZERE, 77
[z & X

repr, 49
virtual environment —- EWIHIE, 77
virtual machine —-— E#H, 77
WRITE_RESTRICTED, 51
Zen of Python -- Python Z#,78
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