Extending and Embedding Python
ZA| {H 3.10.18

Guido van Rossum
and the Python development team

7& 08, 2025






Contents

A ARA =T

b

AR 2T glo] B wrE7)
2.1 CYC++2 gloly B335}
22 &Y HoJEl7): AR5 A
23 Y A5t o2 A A
24 Ce}C++ & =317

25 9= _oroﬂ/q Ce} C++

t] 2 2§ = & 79 6] CPython HE}Y-L U &3}7]
31 e §8& Z2 a9 stold a7

€

H

B About these documents

=/

1=

B.1  Contributors to the Python Documentation

o Abe} gol Al

Cl1 Az EY JA}
C2 gtolof YA 28 AY AHE-3L7] A7 °1+°~
C3 ZgH 2z ES oo that gto] Al

A2

o
“







Extending and Embedding Python, £A| B{% 3.10.18

o] FAEMER ZEE Fol ABZelH S 237 Hef C U Cr+2 52 25t e A dyth
olZF RES MEE TR T ol M Z L AA A HIAEES AL Q—’F— AsUh 3 3 dojz
A&7 13, St X JIE Z el H & e S8 T2 I o WA 7= g ol S = A8yt vpx et
o=, 5t ZG A AN o] 7eS Adshe A7, AR (AP T dHzZ B 2EE £ IAEF
g EsS Ao gty Faste e EO%T’:?L]V%

o] EA = Folo tat 7|2 X AL AAZ T Adojof o3t 34 A o] x| 9k 4 7= tutorial-index S
HAIA] Q. reference-index = H U} & 2] 2 0] o] o] & A& g library- index%%—xﬁﬁ} AA 9, T h
EsWEE 2 gl o ANH 2 BF)S AWk, ol s ] Adole] S8 HAE WYt

A sFo] 11/C APTO| T & A}A 3 A & M = 9] c-api-index & T3 Al L.

Contents 1



Extending and Embedding Python, £A| B{% 3.10.18

2 Contents



CHAPTER 1

o] A1 A A= o] WA 9| CPython®] K 2 A FH =, 4L whE7] 98 7|2 S
SWIG 9} Numba 9} Z-2 A 4FA £ Tho] M S 98 C Cr+ FFE W=+ o dstu Alde A S
Al gyt

1= = E

l
ote 2 A A M5 =S ORa Qg Bekole, Y RES W

ol 2] 742 o] ol tief A = =2 F o



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

Extending and Embedding Python, £A| B{% 3.10.18

4 Chapter 1. &Zt & AR} =37



CHAPTER 2

MatAE =5 10| & AHS7|

-

AAAL o] RENAE A £T £L glol CCrr BFL B = ol Ba) A
AL C YL BEE o AT Pl Rk, F2 27 AR ARES B

2.1 CL} C++2 m}0o|M &EL5}7]

CE z2aysles S &3 Jotd, gejdo 2L WH ZES 71387+ W d5ych 188
7 55 (extension modules) -2 3}+0] 2 o] A 2] 3 Q—’F AT LS 5 AFUTh 2 WA AA IS
FAT 4, Ceolrd e & —’FE}/\P‘E“E S 35ET S UdFYh

- 21437 9sl, 3ke] A API(Application Programmers Interface) & 3}o] % R EFY A~ E Q] O F52 S o
AN~ T e, az @ As JTS Aok sho]# APIE= 3| "Python.h" & 233 C &2
o B3 Yt

3G 259 AGde AlaE Bt oy} o Tk §x o uhel thE Y th A Ul 82 T2 Aol A
/\413361-],]]4_

=2 o d

F3L: C 2 B9 o] 2= CPythonol ¥ 5 3 5}v], 84 R &L ThE shold TR A= 25344 &y Th
A4 87 ghal e FRORY o 44L fASE Aol A5 FUrk o A

AEI7EC ehel nele) v Al AT 55 zga—ﬁﬂa@1%ﬂ@ﬂc:5%&@a%54awms
25| i 2ol LeJ 2] AHE-8 LS of gith o BES A EHEC 2= SAEfH 0] 2 67) 919 shol
TEE AT S Uon C AR BES BASL AohLeli AR} sjol 4l 78 ol o] 44 o] o Fir,



https://cffi.readthedocs.io/

Extending and Embedding Python, £A| B{% 3.10.18

spam(E ¥ 3to] ME o] 7HF Fotste 24 ) olghe & RES WEAlIT 223 C golB Y T
systen() o B @ sl 4l QlElso] 28 WER Arku FAT. o] F4E d FE BALS AAE Ay
g U fEe o] 4 E vad ol FolioA aE5d 5 A7E A} Th

>>> import spam

>>> status = spam.system("ls —-1")
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#define PY_SSIZE_T CLEAN

#include <Python.h>
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It is recommended to always define PY_SSTIZE_T_CLEAN before including Python.h. See &7 k=0l A 1l 7]]
W 4= =3} 7] for a description of this macro.
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static PyObject *
spam_system (PyObject *self, PyObject *args)
{

const char *command;

int sts;

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

sts = system(command) ;

return PylLong_FromLong (sts);

}
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2.1.2 okZi=2: o2} o<

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 —1 or a NULL pointer). Exception information is stored in three
members of the interpreter’ s thread state. These are NULL if there is no exception. Otherwise they are the C equivalents
of the members of the Python tuple returned by sys.exc_info (). These are the exception type, exception instance,
and a traceback object. It is important to know about them to understand how errors are passed around.

sho] 4 API: Thebat Wl o] 9] 2 4487 918 o2 42 Aol

744 dubE ¢l AL PyErr_SetString () YUtk UAE o9 AR C EALGUTE A9 AAE BE
PyExc_zeroDivisionError$ 22 ule] el ® AR AUtk C 2ALL o 2] 9L vehw shol 2
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T e 583 4= PyErr_SetFromErrno () §
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< AAbstel #E g AU 7P 4vk J % PyErr_SetObject () |, o 2] o} && gl
el AR QA2 AT o] el BoSol ADE - AR E by INCREF () & BEL 95T
PyErr_Occurred() 2 Oﬂﬂ 7t AR of A=A ] 2 ﬁﬁi A lF U @A) ol 9] AA Lo €] 7}
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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 ifs 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.

(There are situations where a module can actually give a more detailed error message by calling another PyErr_ *
function, and in such cases it is fine to do so. As a general rule, however, this is not necessary, and can cause information
about the cause of the error to be lost: most operations can fail for a variety of reasons.)

Asfet 522 A HE A9 & -‘:F/\]?S}ﬁtﬂ,}?yErr Clear () E Z&0td o9 2= BAIH 2= 2| f]oF
b‘h/]D]-.C FT7}PyErr_ Clear E3EdNoFste Yt = 011313 AE ZEHof L3R G A=
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The choice of which exception to raise is entirely yours. There are predeclared C objects corresponding to all built-in
Python exceptions, such as PyExc_ZeroDivisionError, which you can use directly. Of course, you should choose
exceptions wisely — don’ t use PyExc_TypeError to mean that a file couldn’ t be opened (that should probably be
PyExc_IOError). If something’ s wrong with the argument list, the PyArg_ParseTuple () function usually
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raises PyExc_TypeError. If you have an argument whose value must be in a particular range or must satisfy other
conditions, PyExc_ValueError is appropriate.

EEo ART M A E AT += JFUTh oS A, IH o= 3 A F R FA AA AFE
A gy o

static PyObject *SpamError;

and initialize it in your module’ s initialization function (PyInit_spam ()) with an exception object:

PyMODINIT_FUNC
PyInit_spam(void)
{

PyObject *m;

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

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

return m;

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.

Note also that the SpamError variable retains a reference to the newly created exception class; this is intentional! Since
the exception could be removed from the module by external code, an owned reference to the class is needed to ensure
that it will not be discarded, causing SpamError to become a dangling pointer. Should it become a dangling pointer,
C code which raises the exception could cause a core dump or other unintended side effects.

We discuss the use of PyMODINIT_FUNC as a function return type later in this sample.

The spam.error exception can be raised in your extension module using a call to PyErr_SetString () as shown
below:

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;

(THS seTATol A1)
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return PyLong_FromLong(sts);

2.1.3 Ol|d =2 =0l7t7|

oA G4z BoPAHA, o Al of e B2 o] £4L ols & 4 glojof FT:

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).

2 B2 F92 S system () & $E9H], PyArg_ParseTuple () oA €& BEAES A2y th:

’sts = system(command) ; ‘

Our spam.system () function must return the value of sts as a Python object. This is done using the function
PyLong_FromLong ().

’return PyLong_FromLong (sts) ; ‘

o] 4%, B AAE AF U (o, AF2AE sto] WA= P e AA YY)

If you have a C function that returns no useful argument (a function returning void), the corresponding Python function
must return None. You need this idiom to do so (which is implemented by the Py_ RETURN_NONE macro):

Py_INCREF (Py_None) ;
return Py_None;

Py_None 54 5to] W 27| None ] C o] & YU Th Lol A Bobxol, thiie] 4aol A “of ) & Fal=
NULL 3Z 91 & 7} o} gt A& 3}o] A A A 2 o)

21.4 D E°| HAME EH|O|E1} X7|8} &

I promised to show how spam_system () is called from Python programs. First, we need to list its name and address
in a “method table” :

static PyMethodDef SpamMethods[] = {

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

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

| A &= (METH_VARARGS) ol 723t Al 2. o] A2 B Z ] o| Al C ol AHgE T & 3= €9
ZFE=Zfadytt dvkA o 7 A METH_VARARGS L} METH_VARARGS | METH_KEYWORDS o] oF 1T}
0 %2 HE AHEH A 4= PyArg_ParseTuple () M o] AHEE S vyt

[e)

METH_VARARGS B AHE- & off, §+= Tho]® & w7 }47} PyArg_ParseTuple () & &3 78 &4 ]
S &= FEE AGE AR 7|8 of Itk o] ol tf §F ApA g A B o ef o ﬂ%%un}

)

E
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The METH_KEYWORDS bit may be set in the third field if keyword arguments should be passed to the function. In
this case, the C function should accept a third PyObject * parameter which will be a dictionary of keywords. Use
PyArg_ParseTupleAndKeywords () to parse the arguments to such a function.

A= H ol B2 2E QY FRA A FxH ook dyrh

static struct PyModuleDef spammodule = {
PyModuleDef_ HEAD_INIT,
"spam", /* name of module */
spam_doc, /* module documentation, may be NULL */
-1, /* size of per-interpreter state of the module,
or -1 if the module keeps state in global variables. */
SpamMethods
i

This structure, in turn, must be passed to the interpreter in the module’ s initialization function. The initialization function
must be named PyInit_name (), where name is the name of the module, and should be the only non-static item
defined in the module file:

PyMODINIT_FUNC
PyInit_spam(void)
{

return PyModule_Create (&spammodule) ;

Note that PyYMODINIT_FUNC declares the function as PyObject * return type, declares any special linkage decla-
rations required by the platform, and for C++ declares the function as extern "C".

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

When embedding Python, the PyInit_ spam () function is not called automatically unless there’ s an entry in the
PyImport_Inittab table. To add the module to the initialization table, use PyImport_AppendInittab (),
optionally followed by an import of the module:

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

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

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

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

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

/* Initialize the Python interpreter. Required.

(THE seTATol A1)
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If this step fails, it will be a fatal error. */
Py_Initialize();

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

PyMem_RawFree (program) ;
return 0O;

—~

Far: sys. moduleS"ﬂ/ﬂ FEE ]ﬂﬂﬂ‘%*i*ﬂ ellA AulddE 258 o8 JEZEHE dRE
B (=& exec ( 7H?J/\]7] A 3l fork () EWEY) YR S EE °ﬂ FAZF AT 4 QST 2
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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;

This function must be registered with the interpreter using the METH_VARARGS flag; this is described in section =& 2]
Wl A= B o] &3} % 7]3} <. The PyArg_ParseTuple () function and its arguments are documented in section
A ol A wi ) A %% sk7].

W] Z 2 Py_XINCREF () & Py_XDECREF () &+ AA Y FZ 3 4+E Z7WTAA] 7|1 NULL ZAE 7F =2 uff

QPRI T} (221 o] BB A tempt NULL O] obd ol S-S HAIA| ). A4 = 5150 oo Bh et AA T

AHE7F A5t

Uz, ¢+E %
le)

£33 ), C &4 PyObject_CallObject () & T&3YTh o] 4o F 719 Ax7t
A=, E% 19] 9] sho]H AA o gk ZAH Yt JJrOW ﬂ?ﬂ AR} E=. Qdat

017} 222 54k 2 0] 7}
Q}e] 401 B2 A of o FLiTh. 914 Qo] vl M BB BE 5 W, NULLO| L} ¥l BEL ADFAIA 2,
shl QA2 e, B2 522 AN L. py_BulldValue () £ 2 EAL] BE Aol

07 ol 4o £ FER A YL w) FES MBI o2

int arg;
PyObject *arglist;
PyObject *result;

arg = 123;

(THE seTATol A1)
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/* Time to call the callback */

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

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

PyObject_CallObject () & Itol& AA| ZAHE W& FUrt: o] AL FfolH 49 vk 3
dUth PyObject_CallObject () &= QIA} #HHA I “Frx A FHAH”
PyObject_CallObject () ©& 23 Py DECREF () H§+ ¢ o
PyObject_CallObject () 9] Wk ZE2 “Af 21”7 d Y o} 2H7A 3] 3
AR DUt whetA], A9 Hao AAdste]= 2 o] obd gk AAF(53]) L grell &4l o
Py_DECREF () 3l oF g} t}.

WA Al A Z53F A YUt} PyObject_CallObject () 8h= C &7} gfo] Mo A T&FH %

)8 SEA A o7 BAIE BBetol, QB E 7} 28 £ o] A5 451 L BE S sl W RET}
o918 Hel @ 5 AEZ Fuirh olzlo] BASAAL MR SA QO W, PyErr Clear () & BE 3}

€1 & Ao FU Tt ol & EH:

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

W Fhof s Yok QB F o] 20 whe}, PyObject_CallObject () o A&} HE55 A5 of

g = QsUth wiof we Az BE58 Zu B A Q3 22 AdEH oA E Fa) vlo| A =2 a3l A
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Utk o] A de 7hg e g Value () &
T E ALY, g I=E AT S S5 Utk

v}
I
o
o
-
—
Q.

PyObject *arglist;

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

5% A%, o2 47 Aol Py DECREF (arglist) o] Bl xo] $-2 84414 21 3t A A okA] Baba o] T=7}
57 QLo E §2]5H4I A 21 Py Buildvalue () o 2 2] 7k R 5 9lo)A] BHols] of 2 k.

A=
AsUth 19 elol A &4Eo], Py _Buildvalue () & ARt AWl E FA T YT

PyObject *dict;

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

return NULL; /* Pass error back */
/* Here maybe use the result */
Py_DECREF (result) ;
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2.1.7 EZ S0l M O47] Hp =S5}

PyArg_ParseTuple () T+ U3 2o AAg Y

int PyArg ParseTuple (PyObject *arg, const char *format, ...);

arg A ol Mol A C 42 APE & AA £50] X8 F2 Ax o of FUTh formar AR £
EAFg ol o] of &}m, £32 5ho] A/C API & 7 #1 2 v} 7 A 9] arg-parsing o] A o] QlF Utk e A AAbe
ZW ALl o sl Fol 2AH = W] Faofo Pyt

PyArg_ParseTuple () & 5ol & AAp7l 2 75 & B AA Al apAwh 5 &0 Add C S 209 #
& FAT e QeUth 445 3E, A=7F FES AL Aol Wwe Qo vEE dolHr) 2

Y

e,

&R0 A B & BE T8 AA FRE
w41 A] 21

-2 (borrowed) FZ Yo Fo AN L F2 AFE E0]4

2 7 oA 5%

#define PY SSIZE_T CLEAN /* Make "s#'" use Py_ssize_ t rather than int. */
#include <Python.h>

int ok;
int i, j;
long k, 1;

const char *s;
Py_ssize_t size;

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

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

ok = PyArg_ParseTuple(args, "11ls", &k, &1, &s); /* Two longs and a string */
/* Possible Python call: f(1, 2, 'three') */

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

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

f('spam')

f('spam', 'w')

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

int left, top, right, bottom, h, v;
ok = PyArg_ParseTuple(args, " ((ii) (ii)) (ii)",

(THE seTATol A1)
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&left, &top, &right, &bottom, &h, &v);
/* A rectangle and a point */
/* Possible Python call:
£(((0, 0), (400, 300)), (10, 10)) */

Py_complex c;

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

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

2.1.8 &% gt E 2[6 I = D7 B

PyArg_ParseTupleAndKeywords () &4E o33} 2ol AAdg Ut

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

arg &} format W 7 M 4= PyArg_ParseTuple () 59 S AUt kwdict vj 7] A4+ 1}o

Al Al AA WA A= £AE TIHE wmmq;qq fwlist T 7)) W= w7 W g A9 3
AL NULL T8 E5YQYTH o] 52 AFMA LK formar®] § FH e} AAFYh A
PyArg_ParseTupleAndKeywords () & IS Wdsty, 228 % ¢ko 7-] AL wskata A

AA QYT

1=}
T‘:/il

B3 ANE AAE AEL G FAT
AGE A TypeErrorE WA A Yt}

i
o
]

T R UTH kwiistol]l gl 719 = w7} H7t

o

?_

4

T}-&-& Geoff Philbrick (philbrick@hks.com) ] o] A & 71¥F 0 & 3}, 7| Y & AM2 5= oAl RE YU

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

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

int voltage;

const char *state = "a stiff";

const char *action = "voom";

const char *type = "Norwegian Blue";

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

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

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

(TH= STl Aol A1)
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Py_RETURN_NONE;

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

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

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

2.1.9 29|9| gt # 55}

o] g4+ PyArg_ParseTuple () o] Wi A Yt} b=} o] dAdg Y th:

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

PyArg_ParseTuple () oA AAH &= 21 FARE 29 ©h9) S A4 8hA] v A (3] &2 o] o2}
dgduh= iO]EV} ol gl 1 ghol o of k. aho] oA TE37EC ol A vEekahr]of] A 3k Af
atol M A& vk ot

PyArg_ParseTuple () #&] & 7}A] abo] A 2 2k= A AA] AA7} F&o]of
A YERAcr B2z RV g EJdYh, Py_Buildvalue () & A
0 A9 F o) gol Eo w9t EHE A FEL Y= =
g waath A543 shite] £ TS EehE, 1A 0] Loiol
WHEtU T 27]71001u 14 REe AAE Wehel =5 s, £

[e)

AA (FHFS ETZEo|1, L BF

o

A9 (FFo] A AR} FHE 2
S dEsAE gdsUth
Ak o] Wlo] 9l © W None
o9 7t 71s sk AAE
Z2EoAAAL.

4
to g X2 4 2
i M2, M e

fol

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

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

Py_BuildValue (" () ") 0

(THE seTATol A1)
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Py_Buildvalue (" (i)", 123) (123,)
Py_BuildvValue (" (ii)", 123, 456) (123, 4506)
Py_Buildvalue (" (i,1)", 123, 456) (123, 4506)
Py_Buildvalue ("[1,1i]", 123, 456) [123, 456]
Py_BuildValue("{s.l,s:i}",

"abc", 123, "def", 4506) {'abc': 123, 'def': 456}
Py_Buildvalue (" ((ii) (ii)) (i1)"

1, 2, 3, 4, 5, 6) (1, 2), (3, 4)), (5, 06))

21.10 &=x sl

Cu C++ &} 22 ool A, ol A vz 2ol 53 @%3} s S Al Bl 22 iilﬂ]‘ﬂﬂ FEYT C
ol &, malloc () 3 free () TFFE A3 o] 2 EJH‘:} C++ol X+, A PZ}neWS’erelete%
HEAARog e oug /\P%EIU# e FgEs %Q%C«l A2 A As U

Every block of memory allocated with malloc () should eventually be returned to the pool of available memory by
exactly one call to free (). It is important to call free () at the right time. If a block’ s address is forgotten but
free () is not called for it, the memory it occupies cannot be reused until the program terminates. This is called a
memory leak. On the other hand, if a program calls free () for a block and then continues to use the block, it creates
a conflict with re-use of the block through another malloc () call. This is called using freed memory. It has the same
bad consequences as referencing uninitialized data — core dumps, wrong results, mysterious crashes.

Aol wiol QUAL AU T2 FI U ALAN ARG oIE S, Bz 2
S, o ABE T ek, HEE ] AL S AU ol Bl Y 27 o) W
2708 A BH= A & AAE F S 4o 270 BT S YRS gk o] 27 2
rj%ﬂ%vﬂ?cﬂ%7%ﬂﬁ%ﬂﬂ¢ﬂS%%ﬂﬂ&tﬁé%ﬂﬂﬂﬂﬂ UL o8 g

2‘4
m[o
‘W m

L]
oy 2o

o =2, ot
I ok & oft

ok o

QGBS AW FF 0 AT A A G5tk o FEL AR TFY A R A w o] oA,
o] HA A ATl & B AP R A oi A, R S B E AR ALGSHE oo AR b 2 A
o A 47} b e mebAl, ol ¥ F52) ol 8 2 Y o)k AekS Bl T b BAsHA g g

to] A& malloc () I free () B ol AbEa7] w0, Wl 2 8] 752} siAE v 2 2] AH-§2 3] 8= Aol
Q3 AeiE uye 76}5_ 315> M| 7] (reference counting) 2t 31 U T A2l & ZHhuth & AA| o=
72 HE 283U 7}*3 = Aol st F27F ojd el AGE w Frbstar, R AAE o ZAad
Ytk 7hE 7F0o] =25td, AR o of gt npx] gt Fx2 7t AR A o] a1 A A 7F s Al g Y o

Al A 25 7M1 A 4=F (automatic garbage collection) °1E‘rj FUth (M2, FX 35 A7 = 7H) A
T3 Aozt A, F 7HAE FE3] A8 A5 & BAF UL As 7HRA =79 bt E AR

AgA free () B A O R EET DA/ ke AU (E B 249 o 4L SRR e 4§
o) Aol — o A An Aol bl G Col 49 g A% Als o4l 298

T QAT (F4 malloc() Ffree () EAFREE = JE T —o]=CEFO] BAATYH, AA R o] 44 =
s 7M1 A =371 7F ok A ‘?:MD} AAZFCE H3l T 53] o] 44 Sil‘: 25 7R A =R 71 E A
AL AJYch 2w 7bA], -8l F=2 350} 37 Aolop & A d YT

EJrOH‘i% AEAN HAZ AT A7 FHS AFLSA L X 32 AR FE= <3 A 7|2 AFFULE o] 2
E3 R 22aWe AHANAY HHA <3 F2E Bte= Z (o] Ao] IR 3 4uk AR 5o :rLT?ﬂEJ
7}‘ﬂlx TR FHAYUhof tisl A4 AsHA ol HUth IR 32 (oA E P A Z) ApAl Yl st
Az E 2335 A= A 01/\1, 3o ZF AR = 00] old ZZ AFE ZrHUh dubgol F=x 34
A7 T3 E <8 AA o "l st 71 F271 o ets 32 <89 AAd 435l v e &3 &3
AN FzE R E 3+ 5 dsUth

The cycle detector is able to detect garbage cycles and can reclaim them. The gc module exposes a way to run the detector
(the collect () function), as well as configuration interfaces and the ability to disable the detector at runtime.
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Lo MollM FZ= Bl M7

Fx AT S FAE AP T 7§ o] vj 2 £ Py_INCREF (x)
Py_ DECREF() = 357100 =2t AAE A= gk #4
?M Fsyth — oA, Zﬂiﬂﬂ 3 ZL‘Zﬂ(typeabJectMl Ae T 2AEHE
= el B Aol e g & Ao g A= =33g Uth

ol A & Aol F5 Utk AAl Py_INCREF (x) & Py DECREF (x) & ARG U 7R WA & 712] §o] & 474
stAsUTH ol = AAE “A - (owns)” O}Zl ‘E%SHD} ] 19 1)r, Aol et FxE ﬁ‘_%(ownareferenw)
4 AdFUth AR Fx 5L olA] o] A & FRE 2FF TR AP U FR 2 FAEHe
#27} 9257 4L ol py_DECREF () & SEAFFITE B2 5L :

F=E Z%ff}h Al 7AA g o] syt AR, A7 B Py_DECREF () S&. &2 #2328 A2 3HA] o

W =) 7k B ok

=

AA EH?Z FzS L= borrow)’ A% 7Hs U Th Fx2] o] 2} (borrower) = Py_ DECREF()%iéﬁﬂ
HE BT, dol At Wel £f ARG H oo AAE BROLAE & AU 2547} A2 ¥ 28
B2 E Ao SAH v ZelE AT AT o) ol 4] Aol s of ok

Tz afo madu g7 o) IEE T M BE A2 FxE AT Dot e
AYUT — =, Wel & B2 8 g st 571 52 Ao o] 9130 St 295 20 HI s W=
A9 92, QR ke ZEAR W& AfATF AR E F2E AL Fol U™ F27FAEE
T e TR FFe] ke AU

JE F2E Py INCREF () & S&3510] /3 2= MRS ¢ AdFUth o= F=2S W82 £ {744
BElol FFE UAA Gyt — Mz 27 F2E BEL AT 2724 AL FAFUTH (01
SfAHERE obU R Al A b FE2E SvkEA AR oF gt

273 73

AA B2 G5 FHOT A2 ujvteh, £FA0) FR FA ADH A 1A FLAE G5 AHH o

A K E R

A HE FEE VBHE R FE B2 ¥ 259 A2FU 53,
PyLong_FromLong ) o]Y Py_Buildvalue () & Z2 A AA & == 7|52 7M1 RE S¢E 4o F
A AR A ALY Th AA L AAZ A AA 7L kA, o 18] S A o] o2 A F2of £
§7¢ e o & B0, Pylong_Fromiong () & £8) ALEH = 3ol A B §A5L AN B FEo]
o Fxs e S Jdaunt
e AAelN AANE FEHE B YT A2 FA 250 ALY, o 5o
PyObject_GetAttrString (). 2y 2 7}A] LREA QA FE o] o 2] o] 7] wj £ ol 1 o] H&3}A] ¢k5 Y
c}: PyTuple_GetItem (), PyList_GetItem(),PyDict_GetItem() 13—leDict GetItemString ()
LRERE gae me YA 1Y 32 S 1T
PyImport AddModule () 4% AA= vidst= AAE @5 ¢ JA D FZ2 5 9kskghu ) 204 o
e 258 B2} sys.modules o] A of g17] Wl ol 7hs g
A FRE O T Oﬂ Ao, dutg o g, e AR o2 R IR E LDHUt — FxE A7)
oF 8}, Py_INCREF () & AH&3}¢ E%l 227 g Utk o] FAE F 7HA] F 8% &7 sy
PyTuple_SetItem<>PJrPyList_SetItemo o] J#—%% AGE FEo st 2FAS AFUH— AA
AsjeteetE! (PyDict_SetItem() 3 L AT ES 2FAE FASHA FFUT— o] 5“4 Juth)
CY47L oA T2 D ), TEx2 Ve & Aol et A2 AGUTE TS AA A o BB
$57h 0EE wbA BRI ol H @ 0Y FRE AZSAL

F3H7] Wl 2o, ¥ e Fx9 4“3
Xd%*éﬂ oF & wj vk, Py INCREF () &

2 3z <0 )7 (borrowing)” S A8 WHE A QU Th £RAE o A3 FE AR AT YU
3Bz 057k o) 4 AA FeAshe A AFHA Tt — F2 A5 AR AA Y v 2ol 9L 5 o)A thE ARl A 452

%+ 9% oH
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shol ol B2E C B0l Mee AR B2E £58 Fxolob YU — 25AL BN 2R

Al

=220

AR TG VY B2 AGo] BAE DOW 5 Yt @ A 4B YwUth AT L B F2
ARAN FEEARHES TS Y A=

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

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

o] = WA list[0] o tie F2E U 5, (1] ooz, mpAeto e Ay F=xE

QA4 gtk 2ols) B ol A 27 SlA gk 1A o

Let’ s follow the control flow into PyList_SetItem (). The list owns references to all its items, so when item 1 is
replaced, it has to dispose of the original item 1. Now let’ s suppose the original item 1 was an instance of a user-defined
class, and let’ s further suppose that the class defineda __del () method. If this class instance has a reference count
of 1, disposing of it will call its __del__ () method.

list
tH

>

Since it is written in Python, the __del__ () method can execute arbitrary Python code. Could it perhaps do something
to invalidate the reference to item in bug () ? You bet! Assuming that the list passed into bug () is accessible to the
__del__ () method, it could execute a statement to the effect of del 1ist [0], and assuming this was the last
reference to that object, it would free the memory associated with it, thereby invalidating i t em.

A 9 du yd, s d 2 A5 Uth dA AR Fx S AN L. 2HkE WA e

e 25tk

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

Py_INCREF (item) ;

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

Py_DECREF (item) ;

This is a true story. An older version of Python contained variants of this bug and someone spent a considerable amount
of time in a C debugger to figure out why his __del__ () methods would fail---

W F2o A7 Y= F iR A 2des AdE Ay JUch drg oz sho|H o) Aa| AA FH-&
B3 A o] glojA, ho] QA Z B9 o8] 2aF =& o2 2159 2o 7101E 5= gl Utk 18,
"] Z 2 Py_BEGIN_ALLOW_THREADSE Alg&3}o] o] & UA|Z S 2 A5} Py_END_ALLOW_THREADS
E AL A R 5 95U o] = B2 10 S EoA E3H, /07 SEH 7 E 7 thg s 5ot
2YEFZRAAE AT S AEE FUTh 293, b Bt ol A B9k 2 BAI U h
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void
bug (PyObject *1list)
{
PyObject *item = PyList_GetItem(list, 0);
Py _BEGIN_ALLOW_THREADS
..some blocking I/O call...
Py_END_ALLOW_THREADS
PyObject_Print (item, stdout, 0); /* BUG! */

NULL = QlE

dumA o7 M FZRE AAR Aot T4 NULL ZAEE AGT 202 73R ko, 127 39
FolE H2zgyrh (£ o] &9 ol G FUIU. A FxE dste e ditg oz o 97}
S 512 S vheb 7] 9191 A oL & J%‘r?}‘% Tk NULL A 7&‘/\}5}}] % ol el FF Ao
T2 AA S e ol Al WiEdUt — 2 STk NvLL e AART, S5 7&47}“»%0] ‘:‘a“g?'f}l
F=7HY =2 A Agg

NULLY & 9l ZAE 7 A2 o] “Ax” A v NULLS AAHE Zo] £5 Ut o8 0], malloc ()
ojub ol 2] & WA E 5 U= Tl Al

"l 22 Py INCREF () 9 Py DECREF () £ NULL ZAE S AASHA gHUTh — x|, 159 A
Py_XINCREF () 2} Py XDECREF () & Zl gt}

EX AA PL 3ol Y3t Z (py ype_Check())% NULL ¥ 0B 2 3ol a1 x] k& Tt — oA, of
Jehere Aol ol AAE B A0 A% 014 o5 & ol W BREHE T2 BobA, B4 AAE
AAD UL NULL ZAALS 3= 8-S gl

C Tﬂ- E'g W’ﬂﬂl/]z ° C U]— Oﬂ 7(’] 111—1:4 O]Z]— (Oﬂ 01]/\1—‘5 args) O] éﬂ] NULLO] o]_\é_% EZOL—E’,}]/]T;]——
%‘_Xﬂi% FA EZ 9 Ex]—g-l/]qﬂ

NULL ¥ Q1|8 shol 1 A8 Aol A “WhA A RhE £ e A 2ke o e duin.

2.1.11 C++E =& 21517

CH+EFFEES AT 7 dsUth SR AT AR Aggyrth v =213 (3o JHEFJH)
°o|C 94_401315; AotdEa g3, /‘E*JXV} Ae A “Olb} @Zi(statiC) AAE AHEE o st v
22w Cor AnAelz 28 Aol AL A Rtk stol A AE ze 7} 52T B (53,
BE 273 @) extern "C"E ARSI A oF FUTh extern "C" {...}Z Jo|W HH }dS
2 B2 AFYUT — _cplusplus 7|27 B S W (BRE A C++ Aopd el 7} o] 7138 FJdUth
ojm] o] A& AHEFth
21.12 =& 2 =2 25t C APl ®|=517]
e B RES TR Fol W AT M2 o F S AFetA e & R0 =T e
RE {8 YUtk & 50, FF EEL TA Qe BlaEXE 5ot gl 2 FIE 5
AFUTh BE ol g|laE Yol 7 LEo] 2|AES WEL AT A St CAPIVF e AAH,
ol Mz Zdd Folle the & ZEANA AH 24T 5 v C T4 Jdo] Ylofor Frt
gl ol AL A2 AN BYUrh @A 45 AL (EE statics AAsHA k), A2 3 &t
5191S A B3, C APIE A3 Th A4 o] 22 55 8 w5 o] G4 sho] A ol e] % 2] t] 9} 3 How
9as0} Jobe FFYUG 1o} RELS B9 oludez ASSY, @ wEd| 498 /57 o2
teedEr 28d TE FAS AL T ol BAL FAHA AFUTh— o AL A3 71E ol A Yol TAF YT
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BolA HolA ¢ha & AFUTE A9 AR AFE 2 A A ofl nhet r’]’u ok ol W A2 F2 sho] 4l
Ei ZlE ot BE 2 BEol st A9 o] F F3h& AR sk R (€ A=), ke A"
EHIAN YEEHE7Z EZS PR 8 ?ﬂ%muﬂﬁHAﬂﬂHq oA A=k F
H“ﬂﬂmcifhhﬂw %ﬂ%ﬂilE@ﬂiﬂﬁﬂﬁOEENH%%EEﬂﬁ%§$§ﬂﬁ
Bl obd 2ESA gk JFUTH
webA o] Aol 712 ZhA ol 3l ZH B RS 2ol 8P U o] 22 the S wEe 0§ SE
© S}, BEY 2718 B2 A G Y BE BE TS static O Aok AL o ulgch
(A4 2go WA= HolE JZﬂﬂ§¢ﬂA@%ﬂ%ﬂllﬂﬂﬂ% 2 2 gl A AA L s opt

'(5‘]’L 7]§ q_EH]-/ﬂOEI_Z HO}:?:}—‘%‘/]U]Q'L]Q—

Python provides a special mechanism to pass C-level information (pointers) from one extension module to another one:
Capsules. A Capsule is a Python data type which stores a pointer (void*). Capsules can only be created and accessed
via their C API, but they can be passed around like any other Python object. In particular, they can be assigned to a name
in an extension module’ s namespace. Other extension modules can then import this module, retrieve the value of this
name, and then retrieve the pointer from the Capsule.

ﬂﬂ“%«l CAPIE =E38t= ol &2 AH88he i oll= o1 8] 7HA 7k Sl ok 2 7k AR ke e
DAY, 2= CAPL 2B 7 A 2 HH"“J TaEs YeR 71]/\1??3 T %%HD} a2)al 2JAEE A st
Ade g A4 Z=EATdHe ZEH 2 E‘rol?iEE grofl of 2l kAo B4 4 s U th

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.

=8, CAPIE B/h5He o] A8 & Aeol s thg 7 7ol w0 52 2 Al of gtk

modulename.attributename

& QAR A4S

H9] &4 PyCapsule_Import () & AFE3HH & 22 9%
IR API A} 2ol Al A4l o] 2 E 8t g ol Zub2 C API

o) ol o FA3} AH 7 TV o). o
7]—:‘?—;6Q'HO] 9}5}‘— Ej'/x\_]a aq];]'

The following example demonstrates an approach that puts most of the burden on the writer of the exporting module,
which is appropriate for commonly used library modules. It stores all C API pointers (just one in the example!) in an
array of void pointers which becomes the value of a Capsule. The header file corresponding to the module provides
a macro that takes care of importing the module and retrieving its C API pointers; client modules only have to call this
macro before accessing the C API.

MNES S35 Al 59 CAPIS g4 25
22 C

The exporting module is a modification of the spam module from section 7FcHSF ], The function spam. system ()
does not call the C library function system () directly, but a function PySpam_System (), which would of course do
something more complicated in reality (such as adding “spam” to every command). This function PySpam_System ()
is also exported to other extension modules.

The function PySpam_System () is a plain C function, declared stat ic like everything else:

static int
PySpam_System(const char *command)
{

return system(command) ;

}

The function spam_system () is modified in a trivial way:

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

(THS seTATol A1)
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const char *command;
int sts;

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

sts = PySpam_System (command) ;

return PyLong_FromLong (sts);

BEO AZ HEo A, thE & vhE ool

#include <Python.h>

e £ o 27 ok gtk

#define SPAM_MODULE
#include "spammodule.h"

#define2 3T 3}do] Fefo]AE BEo] ofd R W= BE 2TH S &= d ASF Yth vpA gt e
2,259 273} 4= CAPI 2 H v E-& 27|33l oF Ttk

PyMODINIT_FUNC

PyInit_spam(void)

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

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

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

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

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

return m;

Note that PySpam_APT is declared static; otherwise the pointer array would disappear when PyInit_spam ()
terminates!

Z¢] B HE 2 3 t] 5 spammodule.hol 9o, the T 24U th

#ifndef Py_SPAMMODULE_H
#define Py _SPAMMODULE_H
#ifdef __cplusplus
extern "C" {

#endif

(TFE SToTAT A%
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/* Header file for spammodule */

/* C API functions */

#define PySpam System NUM 0

#define PySpam_System RETURN int

#define PySpam_System PROTO (const char *command)

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

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

static PySpam_System_ RETURN PySpam_System PySpam_System_ PROTO;

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

static void **PySpam_ API;

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

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

static int

import_spam(void)

{

PySpam_API = (void **)PyCapsule_Import ("spam._C_API", 0);
return (PySpam API != NULL) 2 0 : -1;

I3

#endif

#ifdef __cplusplus

i
#endif

#endif /* !defined (Py_SPAMMODULE_H) */

All that a client module must do in order to have access to the function PySpam_System () is to call the function (or
rather macro) import_spam () in its initialization function:

PyMODINIT_FUNC
PyInit_client (void)
{

PyObject *m;

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

return NULL;
if (import_spam() < 0)

return NULL;

(T sl o] Aol AI%H)
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/* additional initialization can happen here */
return m;

-

q o spammodule.h7} Th4 EB3F3tth= 2 Utk 284y, 718 22 = YR Y=
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The CPython runtime sees all Python objects as variables of type PyObject *, which serves as a “base type” for all
Python objects. The PyObject structure itself only contains the object’ s reference count and a pointer to the object’
s “type object”. This is where the action is; the type object determines which (C) functions get called by the interpreter
when, for instance, an attribute gets looked up on an object, a method called, or it is multiplied by another object. These
C functions are called “type methods”.

webAl, A 849 e Aol stelw, A @ AAE w5 olof T Th

This sort of thing can only be explained by example, so here’ s a minimal, but complete, module that defines a new type
named Custom inside a C extension module custom:

A3 7)o BASHE AL A4 (waric) HHF L Ao of= AEA .
oF $UIT}. C APIE E & PyType_Fromspec () B8 AH&8o] § €3 482 A9 & 4 AU,

o] AkF A= B A FF Ut

#define PY _SSIZE_T CLEAN
#include <Python.h>

typedef struct {

PyObject_HEAD

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

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

bi

(THE sTeTATol A%)
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static PyModuleDef custommodule = {
PyModuleDef HEAD_INIT,
.m_name = "custom",
.m_doc = "Example module that creates an extension type.",
.m_size = -1,

bi

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

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

Py_INCREF (&CustomType) ;

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

return m;

o Al & ol W) oF & Ao] WA T, o A 33} w28 Kol 7S uhghuTh. o] S Al 74A & Ao gtk

1. What a Custom object contains: this is the CustomObject struct, which is allocated once for each Custom
instance.

2. How the Custom type behaves: this is the Cust omType struct, which defines a set of flags and function pointers
that the interpreter inspects when specific operations are requested.

3. How to initialize the custom module: this is the PyInit_custom function and the associated
custommodule struct.

A 22

typedef struct {
PyObject_HEAD
} CustomObject;

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

3l PyObject HEAD WA & F o= Alv|EE0] iUt A2 F71sts Ao TN 47
Aodee= £33 Adth
EE AX = dutd o8 FF PyObject _HEAD W& 9lo] 7l tlo]HE ARt & o], 2%
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typedef struct {
PyObject_HEAD
double ob_fval;
} PyFloatObject;

= ) AL 8 A9 Hel g,

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

FF: Al 22 ¢k R E PyTypeObject BEE ULG3RA 3 A= AA A E AA 22 gkogH,
A} o] C99 ~EFY | ] (designated) = 7| S AHE AFE-Sh= A o] E5UTH

object .hol 9= PyTypeObiect o AA| o+ 919 FolRrh o We V=S 25U ) UnA =& C
AT A2 o) 2o 022 AHAH, DL aA ghod BA AR A G ke Aol Ak,

3 wlo o W=A we el gtk

’PyVarObjectiHEADilNIT(NULL, 0)

o] & 91014 Q78 ob_base BEES 2715517 913 B4 A8 AT

’.tp_name = "custom.Custom",

2] W] o] 5. 0| AL AFe] AR WAE EAT QR o 2] v A7 o] e Th o] & Sol:

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

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

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

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

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

ZF31: 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.
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We set the class flags to Py_ TPFLAGS_DEFAULT.

.tp_flags = Py_TPFLAGS_DEFAULT,

.tp_doc = PyDoc_STR("Custom objects"),

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

’.tpfnew = PyType_GenericNew, ‘

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

if (PyType_Ready (&CustomType) < O0)
return;

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

Py_INCREF (&CustomType) ;

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

This adds the type to the module dictionary. This allows us to create Custom 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. ¢ and:

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

£ setup.py#he Fdo Y& ohg; tha S

$ 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.

287 oA eyt 2187 @uar

22, 87 Custom - 12 F01 52 F5UTh HlolE 7} g3 ol R AE 84 ehgUth AR ZHAEA
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ZF31: 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
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to do this is out of scope for this document and can be found in the Python Packaging User’ s Guide.

2.2.2 7|x of|x|ofl HIOJE{RF HIME =71517|

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:

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

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

} CustomObiject;

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

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

CustomObject *self;

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

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

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

}
return (PyObject *) self;

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

if (!PyArg_ParseTupleAndKeywords (args, kwds, "|00i", kwlist,
sfirst, &last,

(= el ATT A
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&self->number))
return -1;

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

}

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

}

return 0O;

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

bi

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

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

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

bi

static PyTypeObject CustomType = {
PyVarObject_HEAD_INIT (NULL, O)

.tp_name = "custom2.Custom",

.tp_doc = PyDoc_STR("Custom objects"),

.tp_basicsize = sizeof (CustomObject),

.tp_itemsize = 0,

.tp_flags = Py_TPFLAGS_DEFAULT | Py_TPFLAGS_BASETYPE,
.tp_new = Custom_new,

(TS sl AToT A
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.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) ;

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

return m;

ol Mo gl o 7HA WA Abdel dsdth

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.

A7 F2AE T 2ol AP ULk

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

} CustomObiject;

o[ Al & & vl olH 7k A7) w2 oll, AA DI D7 shAlol 3l o= ATl oF AUt H2T, T A

A =722yt
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static void
Custom_dealloc (CustomObject *self)
{
Py_XDECREF (self->first);
Py_XDECREF (self->last);
Py_TYPE (self) ->tp_free ((PyObject *) self);

o]& tp_dealloc W o] th Yt}

.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 t p_ f ree 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.

Zr31: CustomObiject * AAE FHIEE Custom_dealloce AP AT tp_dealloc S =
PyObject * QIAE W 2o g 7|th387] uf 2ol #19] destructor 29 ‘ﬂ/\] A ANEEZ 23
294 o, B Lel oA Aok AU o) o] C= i AR A 3F bR I o

S gl A3t o]Bol ¥l ExE 2 27|35 =2 313 Al o)A, tp_new L AlZ3 T}

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;

283 12S tp_new WH o] Ax3T}:

.tp_new = Custom_new,

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

FAE ZUa7F 282 3 HH, 9FEA] CustomType ¥ 22+ glsyth
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self = (CustomObject *) type->tp_alloc(type, 0);

vl m 2] Sepo] Al e 4 hol A, AW 37] Aol tp_alloc ATIFNULLe] obdA] 88| oF gtk

A2 ks UTH 4l PyType_Ready () 7}l o]~ S A (7] 24
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ZF31: If you are creating a co-operative tp_new (one that calls a base type’ s tp_new or __new__ () ), you must
not try to determine what method to call using method resolution order at runtime. Always statically determine what type
you are going to call, and call its t p_new directly, or via type—->tp_base->tp_new. If you do not do this, Python
subclasses of your type that also inherit from other Python-defined classes may not work correctly. (Specifically, you may
not be able to create instances of such subclasses without getting a TypeError.)
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static int
Custom_init (CustomObject *self, PyObject *args, PyObject *kwds)
{
static char *kwlist[] = {"first", "last", "number", NULL};
PyObject *first = NULL, *last = NULL, *tmp;

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

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

}

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

}

return 0O;

O]AC R tp_init €& A3yt

.tp_init = (initproc) Custom_init,
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The tp_init slotisexposedin Pythonasthe  init__ () method. It is used to initialize an object after it’ s created.
Initializers always accept positional and keyword arguments, and they should return either O on success or —1 on error.

Unlike the t p_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;

AT o AL PRI Th $ol WL rirse Wuio Y ASA Shobd, BE SR AA D+ A%
o). first Mool A2 A R s TEHAAE £5 S 9 47} 98+ DS Th R sk 4}
Aol ol zelH %2 AL ohE s Sl A Ao GA LT £ AT 499 TEFAYHEE G
& sy,
AHZ A 53 o] A5 HORREY $o] A S HE5T s, Sele A F4 FE REE Fol 7] Aol
Wl & chal B ek AA ol A 5 ekotE D 7h87
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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

133 tp_members &%° Ao E ¥5Uth

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

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

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 1ast members are NULL. This is because they can
be deleted, in which case they are set to NULL. It would be better to prevent deletion of these attributes and to restrict
the attribute values to be strings. We’ 1l see how to do that in the next section.

oAl MM EE S UTH M E Ao vl A2 whEofof P th

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

(note that we used the METH_NOARGS flag to indicate that the method is expecting no arguments other than self)
283 tp_methods €& Y&}

.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:

.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)
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In this section, we’ 11 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.

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

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

} CustomObiject;

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

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

CustomObject *self;

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

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

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

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

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

if (first) {

(TS sl AToT A
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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;
if (value == NULL) {
PyErr_SetString (PyExc_TypeError,
return -1;
}
if (!PyUnicode_Check (value)) {
PyErr_SetString (PyExc_TypeError,

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

static PyObject *
Custom_getlast (CustomObject *self,
{

Py_INCREF (self->last);

return self->last;

static int
Custom_setlast (CustomObject *self,

{

offsetof (CustomObject,

void *closure)

PyObject

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

void *closure)

PyObject *value,

number), O,

*value, void *closure)

"Cannot delete the first attribute");

void *closure)
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36

Chapter 2. HM|AHX} =37 Qlo| &H&f QS 7|



Extending and Embedding Python, £A| B{% 3.10.18

(o] A

A F o] A oA AH)

PyObject *tmp;
if (value == NULL) {
PyErr_SetString (PyExc_TypeError, "Cannot delete the last attribute");
return -1;
}
if (!PyUnicode_Check (value)) {
PyErr_SetString (PyExc_TypeError,
"The last attribute value must be a string");
return -1;
}
tmp = self->last;
Py_INCREF (value);
self->last = value;
Py_DECREF (tmp) ;
return 0;

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

bi

static PyObject *
Custom_name (CustomObject *self, PyObject *Py_UNUSED (ignored))
{

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

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

bi

static PyTypeObject CustomType = {
PyVarObject_HEAD_INIT (NULL, 0)
.tp_name = "custom3.Custom",
.tp_doc = PyDoc_STR("Custom objects"),
.tp_basicsize = sizeof (CustomObject),
.tp_itemsize = 0,
.tp_flags = Py_TPFLAGS_DEFAULT | Py_TPFLAGS_BASETYPE,
.tp_new = Custom_new,

.tp_init = (initproc) Custom_init,
.tp_dealloc = (destructor) Custom_dealloc,
.tp_members = Custom_members,

.tp_methods = Custom_methods,
.tp_getset = Custom_getsetters,
bi

static PyModuleDef custommodule = {
PyModuleDef_ HEAD_INIT,
.m_name = "custom3",
.m_doc = "Example module that creates an extension type.",
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.m_size = -1,

bi

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

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

Py_INCREF (&CustomType) ;

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

return m;

To provide greater control, over the first and last attributes, we’ 11 use custom getter and setter functions. Here are
the functions for getting and setting the £irst attribute:

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

Py_INCREF (self->first);

return self->first;

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

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
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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.

PyGetSetDef XA ldLS W5t}

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

18]l tp_getset X0 TEFUTH

.tp_getset = Custom_getsetters,

PyGetSetDef XA ulA| 2t FE L oA AZFT“ZEA” YUt o] AL, FEAE AFL3HA] QolA,
NULL ¥ A &gt}

o] 3 o ETFE tie W H o E A ALYk

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

bi

E2AEW ALHES tp_init A2 715 YA oF Pt

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) ;

(TFE sl oA ol A%)
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>>> 1.append (1)
>>> del 1

o o A, AN EF = Bl A =S BEUTh AANE o A3 AA F27 YUk B2 A5A00=
Dol A A gfF Ut BB AFAE, shol o] &8 7Hi A A 7€ A= S| 2E7F7H A 2 S sk siAl
).

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 Cust om, and subclasses may add arbitrary
attributes. For any of those two reasons, Cust om objects can participate in cycles:

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

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

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

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

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

} CustomObiject;

static int
Custom_traverse (CustomObject *self, visitproc visit, woid *arqg)
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Py_VISIT (self->first);
Py_VISIT (self->last);
return 0;

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

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

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

CustomObject *self;

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

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

Py_DECREF (self);
return NULL;

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

}
return (PyObject *) self;

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

if (!PyArg_ParseTupleAndKeywords (args, kwds, "|UUi", kwlist,
sfirst, &last,
&self->number))

return -1;

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

(TS sl AToT A
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Py_DECREF (tmp) ;

}

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

}

return 0;

static PyMemberDef Custom_members|[] = {

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

bi

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

Py_INCREF (self->first);

return self->first;

static int
Custom_setfirst (CustomObject *self, PyObject *value,

{
if (value == NULL) {

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

Py_INCREF (self->1last);

return self->last;

static int
Custom_setlast (CustomObject *self, PyObject *value,

{
if (value == NULL) {

return -1;

}
if (!PyUnicode_Check (value)) {

{"number", T_INT, offsetof (CustomObject, number),

0,

void *closure)

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

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

void *closure)

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

(TS sl AToT A
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PyErr_SetString (PyExc_TypeError,
"The last attribute value must be a string");
return -1;
}
Py_INCREF (value);
Py_CLEAR(self->last);
self->last = value;
return 0;

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

bi

static PyObject *
Custom_name (CustomObject *self, PyObject *Py_UNUSED (ignored))
{

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

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

bi

static PyTypeObject CustomType = {
PyVarObject_ HEAD_INIT (NULL, O)
.tp_name = "custom4.Custom",
.tp_doc = PyDoc_STR("Custom objects"),
.tp_basicsize = sizeof (CustomObject),
.tp_itemsize = 0,
.tp_flags = Py _TPFLAGS_DEFAULT | Py_TPFLAGS_BASETYPE | Py TPFLAGS_HAVE_GC,
.tp_new = Custom_new,
.tp_init = (initproc) Custom_init,
.tp_dealloc = (destructor) Custom_dealloc,
.tp_traverse = (traverseproc) Custom_traverse,
.tp_clear = (inquiry) Custom_clear,
.tp_members = Custom_members,
.tp_methods = Custom_methods,
.tp_getset = Custom_getsetters,

bi

static PyModuleDef custommodule = {
PyModuleDef_ HEAD_INIT,

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

bi

PyMODINIT_FUNC
PyInit_custom4 (void)

(TS sl AToT A
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PyObject *m;
if (PyType_Ready (&CustomType) < 0)
return NULL;

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

Py_INCREF (&CustomType) ;

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

return m;

AR, EFA (traversal) WA &= <=3 GC7} =319
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static int
Custom_traverse (CustomObject *self, visitproc visit, void *arg)
{
int vret;
if (self->first) {
vret = visit (self->first, arqg);
if (vret != 0)
return vret;
3
if (self->last) {
vret = visit(self->last, arg);
if (vret != 0)
return vret;
3

return 0;

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

sho]d 2 visit g EF S AF 3ot Py _vISIT() WA RS Ale@Yth Py_VISIT() S AHS3HH,
Custom_traverseo| A #E&EF F& a3+ 4+ JdF5Yth

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

Py _VISIT(self->first);

Py _VISIT (self->last);

return 0;

Fil: Py VISIT() & AH&3tH ¥ tp_traverse FHO A QA} o] 52 visit 3} arg = 73 &HaHA| ] A 3l of
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static int
Custom_clear (CustomObject *self)
{
Py_CLEAR(self->first);
Py_CLEAR(self->last);
return 0;

Py _CLEAR() W3 E A& FESHA L. Fx A5 E FoHA 9 F¢ HolH 01 FHEE 29 :
AE 31 kA YT NULLE A A 317] Aol o] E] HE A py_XDECREF () & th4l SE 3 oW,
SJEZREY B2/ A EYREE A o= TE(53] F2 8o Jow)E A 5T 7MsAo
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PyObject *tmp;

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

I E, EREE AAD w] F4 Py_CLEAR() S AHESH7]7H B R f AL ol g7t AUtk A<
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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,
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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:

—L

>>> import sublist

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

>>> print (len(s))

6

>>> print (s.increment ())

1

>>> print (s.increment ())

2

#define PY_SSIZE_T_ CLEAN
#include <Python.h>

typedef struct {
PyListObject list;
int state;

} SubListObject;

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

self->state++;

return PylLong_FromLong(self->state);

static PyMethodDef SubList_methods[] = {
{"increment", (PyCFunction) SubList_increment, METH_NOARGS,
PyDoc_STR("increment state counter")},
{NULL},

bi

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

static PyTypeObject SubListType = {
PyVarObject_ HEAD_INIT (NULL, O)
.tp_name = "sublist.SubList",
.tp_doc = PyDoc_STR("SubList objects"),
.tp_basicsize = sizeof (SubListObject),
.tp_itemsize = 0,
.tp_flags = Py_TPFLAGS_DEFAULT | Py_TPFLAGS_BASETYPE,
.tp_init = (initproc) SubList_init,

(THS seTATol A1)

46 Chapter 2. HM|&tx} 3 Ql0| &5t OLE 7|




Extending and Embedding Python, £A| B{% 3.10.18

R s S e e P I )

.tp_methods = SubList_methods,
bi

static PyModuleDef sublistmodule = {
PyModuleDef_ HEAD_INIT,

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

bi

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

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

Py_INCREF (&SubListType) ;

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

return m;

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

typedef struct {
PyListObject list;
int state;

} SubListObject;

S E AR 2 Aol AL W0l 2 AH FEA 7R WA grol ook Frks APk Wo]2F S o]y
T2A| 8] A2 & o] PyObject _HEAD () & Yo

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

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

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

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

return m;

PyType_Ready () § S&3}7] Mo, @ 72 Aol tp_base £F°] AAA Adojof FUth 71& 3 =
o, PyType_GenericNew () & tp_alloc €52 A2 T2 = QS Uth-Hlo|Aag o &F g7} ol_il\_%
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After that, calling PyType_Ready () and adding the type object to the module is the same as with the basic Custom
examples.

2.3 &S Mo|5}7|: 04z 7HK| A
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Here is the definition of PyTypeObject, with some fields only used in debug builds omitted:

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

/* Methods to implement standard operations */

destructor tp_dealloc;

Py_ssize_t tp_vectorcall_ offset;

getattrfunc tp_getattr;

setattrfunc tp_setattr;

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

reprfunc tp_repr;

(THS seTATol A%)
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/* Method suites for standard classes */

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

/* More standard operations (here for binary compatibility) */

hashfunc tp_hash;
ternaryfunc tp_call;
reprfunc tp_str;
getattrofunc tp_getattro;
setattrofunc tp_setattro;

/* Functions to access object as input/output buffer */
PyBufferProcs *tp_as_buffer;

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

const char *tp_doc; /* Documentation string */

/* Assigned meaning in release 2.0 */
/* call function for all accessible objects */
traverseproc tp_traverse;

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

/* Assigned meaning in release 2.1 */
/* 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;

// Strong reference on a heap type, borrowed reference on a static type
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;

(Th= s Ao AI%H)
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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;
vectorcallfunc tp_vectorcall;
} PyTypeObiject;
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’const char *tp_name; /* For printing */ ‘
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const char *tp_doc;
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’destructor tp_dealloc;
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static void
newdatatype_dealloc (newdatatypeobject *obj)
{
free (obj—->obj_UnderlyingDatatypePtr);
Py_TYPE (obj)-—>tp_free ((PyObject *)obj);

If your type supports garbage collection, the destructor should call PyObject_GC_UnTrack () before clearing any
member fields:
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static void
newdatatype_dealloc (newdatatypeobject *obj)
{

PyObject_GC_UnTrack (obj) ;

Py_CLEAR (obj->other_obj);

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

}

g A Fr 2T 27 A F otvE AR FA AYE IR FA Folof @k Ad YT <
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static void

my_dealloc (PyObject *obj)

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

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

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

cbresult = PyObject_CallNoArgs (self->my_callback);
if (cbresult == NULL)

PyErr_WriteUnraisable (self->my_callback);
else

Py_DECREF (cbresult) ;

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

Py_DECREF (self->my_callback);

3
Py_TYPE (obj)—>tp_free ((PyObject*)self);
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reprfunc tp_repr;
reprfunc tp_str;
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static PyObject *
newdatatype_repr (newdatatypeobject * obj)
{
return PyUnicode_FromFormat ("Repr—-ified newdatatype{{size:%d}}",
obj->obj_UnderlyingDatatypePtr->size);

If no tp_repr handler is specified, the interpreter will supply a representation that uses the type’ s tp_name and a
uniquely identifying value for the object.

tp_str Aelle str ol e Aol A4 4B T ep_repr 1Sk repr ) 4] BAL 2L BA Y
585, o e} AR AAT oA tr () & 5 EE A BEH UG, FHE tp repr B9 A
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static PyObject *
newdatatype_str (newdatatypeobject * obj)
{
return PyUnicode_FromFormat ("Stringified newdatatype{{size:%d}}",
obj->obj_UnderlyingDatatypePtr->size);

2.3.3 O{EE|RE zig|

NEZREE ANAT = & BE AAo tsl, s T F-2 o] E] R E 7 A5 = (resolved) W& A| o 3=
s ATk Ut AEYREE A 5 e -9 (A7 B H o] Yotd), A EYREE A A s+
O FF (A ERE dA o] oAt 7t ool FUth o ERRE A AL 583 Ao, A7)

Ag® A gho] NULL G Y Th

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;

VA V4

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

tp_methods 7} NULL©| o)UY, PyMethodDef FZ A9 v IS I Z & oF gt Hol B9 7 &2 )L
TF2A L AdxEA YT

typedef struct PyMethodDef {

const char *ml_name; /* method name */

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

const char *ml_doc; /* docstring */

} PyMethodDef;

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

T AR H ol 22 A"z A ol Bl ol A viEE = o E El EE Ao s= vl AEE U T
12 Cyol AAF W, A2t 97 Aol ALt gu 27 %HWHMHAFJﬂLG°ﬁ§1
delgch
typedef struct PyMemberDef ({

const char *name;

int type;
int offset;
int flags;

const char *doc;
} PyMemberDef;

For each entry in the table, a descriptor will be constructed and added to the type which will be able to extract a value
from the instance structure. The 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 f1ags field is used
to store flags which control how the attribute can be accessed.

The following flag constants are defined in st ructmember . h; they may be combined using bitwise-OR.
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Constant Meaning
READONLY Never writable.
PY_AUDIT_READ | Emitan object.__getattr__ audit events before reading.

WA 3.100] 4 ¥ A : RESTRICTED, READ_RESTRICTED and WRITE_RESTRICTED are deprecated. How-
ever, READ_RESTRICTED is an alias for PY _AUDIT_READ, so fields that specify either RESTRICTED or
READ_RESTRICTED will also raise an audit event.

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.

g4 0EZIRE

ogk

rH

2|

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.

o e 25Utk

static PyObject *
newdatatype_getattr (newdatatypeobject *obj, char *name)
{
if (strcmp(name, "data") == 0)
{
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 t p_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;
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2.34 24X H|

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_GE,Py_LTorPy_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.

W5 EAAH S 277 2o Reka S BB G B A E FHL eI 25U Th

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
yp
newdatatype omitted */

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

switch (op) {

case : ¢ = sizel < size2; break;
case c = sizel <= size2; break;
case : c = sizel == size2; break;
case c = sizel != size2; break;
case c = sizel > size2; break;
case c = sizel >= size2; break;

}

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

return result;
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PyNumberMethods *tp_as_number;
PySequenceMethods *tp_as_sequence;
PyMappingMethods *tp_as_mapping;
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hashfunc tp_hash;
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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;
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ternaryfunc tp_call;
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static PyObject *
newdatatype_call (newdatatypeobject *self, PyObject *args, PyObject *kwds)
{

PyObject *result;

const char *argl;

const char *arg2;

const char *arg3;

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

result = PyUnicode_FromFormat (
"Returning —- value: [%d] argl: [%s] arg2: [%s] arg3: [%s]\n",

obj->obj_UnderlyingDatatypePtr->size,
argl, arg2, arg3);
return result;
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/* 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.
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weakref & tfst A A.
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, O0)
/* ... other members omitted for brevity ... */
.tp_weaklistoffset = offsetof(TrivialObject, weakreflist),

bi
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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 FI} H[¢t
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if (!PyObject_TypeCheck (some_object, &MyType)) |
PyErr_SetString(PyExc_TypeError, "arg #1 not a mything");
return NULL;

}

o B7):
CPython 22 Y| AE ot} 2 T34 X 2. https://www.python.org/downloads/source/
GitHub 2] CPython Z & A €, CPython A~ 2 F =7} 7| tE] &= 3L, https://github.com/python/cpython
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.pyd).

To be importable, the shared library must be available on PYTHONPATH, and must be named after the module name,
with an appropriate extension. When using distutils, the correct filename is generated automatically.

2715 e g 22 8-S 25Ut

PyObject *PyInit_modulename (void)

GAs 27139 REo]y PyModuleDef A AEHAE H1Eg o}, 2} A 3 &2 initializing-modules & 2=
SFAI Al 2.
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def initfunc_name (name) :
try:
suffix = b' ' + name.encode('ascii')

(THE seTATol A1)
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except UnicodeEncodeError:
suffix = b'U_' + name.encode ('punycode') .replace(b'-"', b'_")
return b'PyInit' + suffix

o 2719 448 Aol 5te B TF ol ne o)A ofe BES HE Y £ vt T8}, o5
A el DR Ak B B9 A ALB Aok BT A e 1 o £l
15wk s 7] W) 29U ok A4 G ) 8-S PEP 4899] “& eho] B ejelo] ole] RE L ARSI

2.4.1 Building C and C++ Extensions with distutils
Extension modules can be built using distutils, which is included in Python. Since distutils also supports creation of binary
packages, users don’ t necessarily need a compiler and distutils to install the extension.

A distutils package contains a driver script, setup . py. This is a plain Python file, which, in the most simple case, could
look like this:

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])

With this setup.py, and a file demo . ¢, running

python setup.py build

will compile demo. c, and produce an extension module named demo in the build directory. Depending on the
system, the module file will end up in a subdirectory build/1lib.system, and may have a name like demo . so or
demo.pyd.

In the setup. py, all execution is performed by calling the setup function. This takes a variable number of keyword
arguments, of which the example above uses only a subset. Specifically, the example specifies meta-information to build
packages, and it specifies the contents of the package. Normally, a package will contain additional modules, like Python
source modules, documentation, subpackages, etc. Please refer to the distutils documentation in distutils-index to learn
more about the features of distutils; this section explains building extension modules only.

It is common to pre-compute arguments to setup (), to better structure the driver script. In the example above, the
ext_modules argument to setup () is a list of extension modules, each of which is an instance of the Extension.
In the example, the instance defines an extension named demo which is build by compiling a single source file, demo . c.

In many cases, building an extension is more complex, since additional preprocessor defines and libraries may be needed.
This is demonstrated in the example below.

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'],

(THS seTATol A1)
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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.

[
4

ext_modules = [modulel])

In this example, setup () is called with additional meta-information, which is recommended when distribution packages
have to be built. For the extension itself, it specifies preprocessor defines, include directories, library directories, and
libraries. Depending on the compiler, distutils passes this information in different ways to the compiler. For example, on
Unix, this may result in the compilation commands

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

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

These lines are for demonstration purposes only; distutils users should trust that distutils gets the invocations right.

2.4.2 Distributing your extension modules

When an extension has been successfully built, there are three ways to use it.

End-users will typically want to install the module, they do so by running

’python setup.py install

Module maintainers should produce source packages; to do so, they run

’python setup.py sdist

In some cases, additional files need to be included in a source distribution; this is done through a MANIFEST. in file;
see manifest for details.

If the source distribution has been built successfully, maintainers can also create binary distributions. Depending on the
platform, one of the following commands can be used to do so.

python setup.py bdist_rpm
python setup.py bdist_dumb
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There are two approaches to building extension modules on Windows, just as there are on Unix: use the distutils
package to control the build process, or do things manually. The distutils approach works well for most extensions;
documentation on using distutils to build and package extension modules is available in distutils-index. If you find
you really need to do things manually, it may be instructive to study the project file for the winsound standard library
module.
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cl /LD /I/python/include spam.c ../libs/pythonXY.lib
cl /LD /I/python/include ni.c spam.lib ../libs/pythonXY.lib

A A HEHe A Ao 39S wrEQS YT} spam obj, spam.dll ¥ spam.lib. Spam.dl11-2 s}o]#
?ﬂ’\(ﬂ—eﬂ PyArg_ParseTuple ())& Z&3tA AT pythonXY.lib Hof Sto| T =& 2=
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e e 23 Y
REAEAE 22 BB YrUAE FxUh e REEd 2P 4EaE B 5 A
3F2] ¥, void _declspec(dllexport) initspam(void) PyObject _declspec (dllexport)

*NlGetSpamData (void) 2] & _declspec (dllexport) 2t A A& of gt}

Developer Studio will throw in a lot of import libraries that you do not really need, adding about 100K to your exe-
cutable. To get rid of them, use the Project Settings dialog, Link tab, to specify ignore default libraries. Add the correct
msvcrtxx.lib to the list of libraries.
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#define PY_SSIZE_T_ CLEAN
#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 O;

The Py_SetProgramName () function should be called before Py_Initialize () 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.
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#define PY_SSIZE_T CLEAN
#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_TImport (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 = PyLong_FromLong (atoi(argv[i + 3]));
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) ;

(THE seTATol A1)
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if (pvalue != NULL) {
printf ("Result of call: %1d\n", PyLong_AsLong (pValue));
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;

-
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def multiply(a,b):

print ("Will compute", a, "times", b)
c =20
for i in range (0, a):

c=c¢c+b

return c

9| B bt Zolbok gtk

$ call multiply multiply 3 2
Will compute 3 times 2
Result of call: 6
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Py_Initialize();

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

After initializing the interpreter, the script is loaded using Py Import_Import (). This routine needs a Python string
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as its argument, which is constructed using the PyUnicode_FromString () data conversion routine.

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

if (pFunc && PyCallable_Check (pFunc)) {

}
Py_XDECREF (pFunc) ;

A 2aYEIF 2, 2|7} 2L 3l ©]F 0] PyObject GetAttrString () & Aol A H Y
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pValue = PyObject_CallObject (pFunc, pArgs);
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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) ;
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flol Z=E main () ) T kR flol A )AL 3 Py TInitialize () ol & &F Aol v F &
FE AL
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())
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» pythonX.Y-config —-cflagst A3Y T ufe] A4F EH1E AFFUh

$ /opt/bin/python3.11-config --cflags
-I/opt/include/python3.11 -I/opt/include/python3.11 -Wsign-compare -DNDEBUG -g -
—fwrapv -03 -Wall

pythonX.Y-config --ldflags --embedt B3 T ujo] AF ZHI1E AUtk

$ /opt/bin/python3.11-config —--1ldflags —-embed
-L/opt/lib/python3.11/config-3.11-x86_64-1linux-gnu —-L/opt/lib -lpython3.11 -
—lpthread -1dl -lutil -1m
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>>> import sysconfig

>>> gysconfig.get_config _var ('LIBS"')
'-lpthread -1dl1 -lutil’

>>> sysconfig.get_config_var ('LINKFORSHARED')
'-Xlinker -export-dynamic'
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>>> The default Python prompt of the interactive shell. Often seen for code examples which can be executed interactively
in the interpreter.

e 2L AL e 4 ALYk

o The default Python prompt of the interactive shell when entering the 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.

e Ellipsis W& A,

2to3 A tool that tries to convert Python 2.x code to Python 3.x code by handling most of the incompatibilities which can
be detected by parsing the source and traversing the parse tree.

2to3 is available in the standard library as 1 ib2t o0 3; a standalone entry point is provided as Tools/scripts/
2to3. See 2to3-reference.

abstract base class (34} Wo] A Z|A) FA W o)A Fd A Ehasattr () ZLEHIY S EHE AL
HBHA ZEE (& 50, A WA E) A5, JEHA o] AE Y st HHS AT T =N o o]
< B A3 Yt ABCE 7 Al B %Eﬂii E‘Qﬁ}—ﬁﬂ, S AE ASTHA FOHAE isinstance ()
2} issubclass () o o3 #A=2 ‘—E FH2EYYUTh abc B E ’“‘ﬁfﬂ £ EA L. stol o=
2 Y= ABC 9] tq;:)r;ta] r)rkojr 2 Ao 0"“‘43} A8 & (collections.abc 4_501]/\1),
7\—1]— (numbers R EA]), 2EH (io EENA]), Y E g2 24 (importlib.abc EE I A]).
abc EES A3 A AFAIRES] ABCE WHE & %1%1/] T},

annotation (o] el o] H) #of uhel @ = 2 AHEHE WS, B2 o= RE B G4 HANS U
Hhek 9 A28 o By

A M) o] mE] o] A& A FY Al 7ol AN AT S QA A A, Fea SA D 349 o] H) o]
AL A7y BE, 2, 849 annotations_ 5 oEFHEN AFH Yt

o] 75 = AWt W o H o], $ o] i E| o] A, PEP 484, PEP 5262 X SHA| 2. o] = H| o]
2ol o 8k &3 Ab#] = annotations-howto & 22 34A| &

argument (Q12h) F+E 2T 0 I (B MAE) 2 ABH = & F SF dA7 A5 Ut
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« 719 E ]—(keywordargument) Sk i%ﬂﬁ A1 2} 7} ko] B2 912} (] B S 0], name=) T **
E Yol 2 9MYE AGH = AR o & 5o, b3 22 complex () EFA 335+
BE 719 A Yth:
complex (real=3, imag=>5)
complex (**{'real': 3, 'imag': 5})

o 912 QA} (positional argument): 7]
A olefel g o Gl x & 2o A
2 9] 1A Y T

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

W
HAR. EHACE, o x84 0] AAE AFEE 5 dFUth 732 gheol A o g Uth
Lol o] w7 ¥ FEIFAQ AF At} w7 H 9] xfo] 9f PEP 362% H A &
asynchronous context manager (V)% 7] ZAE]A~E 2] 2}) An object which controls the environment seen in an
async with statement by defining __aenter_ () and __aexit__ () methods. Introduced by PEP 492.
asynchronous generator (8]5-7] AV @ o] €]) v]5 7] A& o] E o|Ho]H & FHF
E2ARAYHE=FZREH T4, A Y Hol=H|,async for FEZ7FARRST 4 9= dHY
£AAS EHATE Aol GEU,
BE 857 Avdely g+E 7FE 7| A g o] E o A= vlE 7] Al d ey ol d olH & 7HE X
Urth o =3k o u) 7t HEetA] k2 A9, G S E M RS vtk

v 5 7] AlvglolE] SF4+= await 84 F asyne for 3} async with & 37-_5‘]"515[\— d5Yth

DR DS o5 22 A W AYD, o U A8 7 AED FAAE ks T2
]

St a ync def
IS == vyield

e

asynchronous generator iterator (8]% 7] AU & o] €] o]g]go|€]) v|F 7] Al d olE 7 vt AA).

This is an asynchronous iterator which when called using the __anext__ () method returns an awaitable object
which will execute the body of the asynchronous generator function until the next yield expression.

Each yield temporarily suspends processing, remembering the location execution state (including local variables
and pending try-statements). When the asynchronous generator iterator effectively resumes with another awaitable

returned by __anext__ (), it picks up where it left off. See PEP 492 and PEP 525.

asynchronous iterable (8]5 7] ©]€]2] &) An object, that can be used in an async for statement. Must return an
asynchronous iterator from its __aiter__ () method. Introduced by PEP 492.

asynchronous iterator (H]% 7] o]€]#|©]€]) An object that implements the __aiter__ () and __anext__ ()
methods. __anext__ must return an awaitable object. async for resolves the awaitables returned by an
asynchronous iterator’ s __anext__ () method until it raises a StopAsyncIteration exception. Intro-
duced by PEP 492.

attribute (G EZ|{HE) £3] R T2 AHEote o522 FxHE AAS 24T g olE S0l AA o7t
AEe|REaE AW, 04X W B2 UTH
It is possible to give an object an attribute whose name is not an identifier as defined by identifiers, for example

using setattr (), if the object allows it. Such an attribute will not be accessible using a dotted expression, and
would instead need to be retrieved with getattr ().

awaitable (o] $J]o]E] &) An object that can be used in an await expression. Can be a coroutine or an object with an
__await__ () method. See also PEP 492.

BDFL #}v] 2-& £ 41 &2 A} (Benevolent Dictator For Life), < Guido van Rossum, 3}o] %1 2] %FA] 2},
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binary file (B}o]u] 2] 2}) A file object able to read and write bytes-like objects. Examples of binary files are files
opened in binary mode ('rb"', 'wb' or 'rb+"'), sys.stdin.buffer, sys.stdout.buffer, and in-
stances of io.BytesIOand gzip.GzipFile.

str AAE 912 4 it 91 AAo] AN L A= 5 = FR A L

borrowed reference (' ¥ 2 X) In Python’ s C API, a borrowed reference is a reference to an object, where the code
using the object does not own the reference. It becomes a dangling pointer if the object is destroyed. For example,
a garbage collection can remove the last strong reference to the object and so destroy it.

Calling Py_INCREF () on the borrowed reference is recommended to convert it to a strong reference in-place,
except when the object cannot be destroyed before the last usage of the borrowed reference. The Py_NewRef ()
function can be used to create a new strong reference.

bytes-like object (W}o] € &7 2] A]) bufferobjects E A Y3t C-¢14 HHE JAZE & 5 JFYTh o8
¥ & memoryview AA 52 EE 1l bytes, bytearray, array.array Zﬂiﬂ%% Z3 )
] EdF AA =2 H}O]Lﬂﬂ HolB & thF+= o8 7HA] Aibsel A2 5 A5 UTh o5, vhel v g
JJ'O]EZV{L 2AZSFRHASE T2 AE lolAqr/]'

ol A4LE 2 ol El 7k 7P L B2 ATk olel 9ol AFAL FF A -227] ot

JEEE A Z 33T 7 W AR 02]]1?._ bytearray & bytearray 9 memoryv1ew
}o"\qr/} b2 vtely gl dlolE 7 B AA)| (“9 7] A8 vlo] EGF AA”) ol A Y= =
7Y o] 9] 2= Dbytes bytes AA| 2 memoryview 7} YH5 YT

bytecode (H}o]E F &) ulo] M £ FT = nlolE FT 7 7 ulAH =1, CPython ¢1E = 2| € of| A T}o] A
Z2 IR YWH ddYch vlo]E T =+ .pyc 3tLol A Hof, 2L 54 F AR AT o
o wepR] A R U TH (&2 A vlo] E FE2 Y AL S 3T 5 YFUTh. o] “F A" = 7
HFo| E = o tf -&-38= 71 Al Aok 71 71 A ol A A E Tt ST Hlo]E I E = AR TOE
gto] A 7Hd 71 Al A ZeE A E 7 eHA &, 3ho] A v i Zhell b A o] A = gkt Zlof] 9] 3l o
ok

Hlol = T Wl 5o B L dis BE WA U

callable (2] &) A callable is an object that can be called, possibly with a set of arguments (see argument), with the
following syntax:

A

],
a
")

callable (argumentl, argument2, ...)

A function, and by extension a method, is a callable. An instance of a class that implements the ___call__ ()
method is also a callable.

callback (%)) Q1712 AL = o] o]

class (2 2) AH82F Ao AAELS BHET)
A= A S Bl S L £F

class variable (Z| 2 W) S
AT = HSg
T 7o — T

coercion The implicit conversion of an instance of one type to another during an operation which involves 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.

14 = S 2 (5 22 dad oA 7t ofyEh o Ak

complex number (&2-47) ‘?lé?—??} A4 A ~EHe] B0y, BE A7} ALRe) 4o dtog 164914
t- fﬂ"—‘?«t é—:lT‘)ﬂ 4 19 AFHE F AA, TF FelA= 1E, Tl A=
T”J“ﬂ@eﬁt%£¢§ﬂ%ﬂﬂﬂQGmﬁﬁtjﬂﬂ4 dH
3+19. math 252 B4 W Ao L, cmathES A3t BE420
4 715 4tk %&6} 3 =7 E‘Gh:]—\:t] Aol 843 BAF % £ o)

=]
N
EOl
L
:L
L
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context manager (J¥] A~ E 2] 2}) An object which controls the environment seen in a with statement by defining
__enter_ () and __exit__ () methods. See PEP 343.

context variable (A €] A& W 42) A variable which can have different values depending on its context. This is similar
to Thread-Local Storage in which each execution thread may have a different value for a variable. However, with
context variables, there may be several contexts in one execution thread and the main usage for context variables
is to keep track of variables in concurrent asynchronous tasks. See contextvars.

contiguous (<) v 9= A &3] C-A L (C-contiguous) ©) A} E E 2 Q<5 (Fortran contiguous) 4 o] Q<o) g}t
AARYLH AL HH= C-A&5 0 HA TES ALY UTH AL v Gol A, FEE2 A2 A -3}
a1, 001 A Al ZHeh= LBk Y20 A E v Z ol wl X =] of of Fruth Tk C-A<5 v Goll A,
HEE F49 CAURE FEES YT o vpA et A A7) 71 wke] Ay o) sHA| th 2 ES A%
W o=, A HA AE A7) 71 wke] H g T

Q
0
~
3
Q
Q.
o
Hh
Mo
lo
fru
=y
el
ﬁ
5
i
fy
i
=
o~
=
=
=
N
i
f
X
l:o

=
) 2EE ANE SHFE B4 2
3]

coroutine function (ZF€ g4 g
forShasync with 719|S 8 E8@ 5 %Ltk of 252 PEP 492 o ]3]

91, await & async
EdE A5 YT
CPython 3ol Z 2 Jew Aol ;48 A el 3 b, python.orgol] A4 vl = Yt} o] 73 Jython o] L}

IronPython ¥} 22 th2 7] HE g g7} oS wf 89 “CPython” ©] ARE-F U Th
decorator (2 o]¥]) t}2 T+& S5+ T4 A, B5 Qurapper v H& AMSSH S St o2 &
AUtk tZ Y o]Ele &3t o= classmethod () Zstaticmethod () YUt}

dEdole 2L 9 0 2L YU TS F T4 A )P0z TSPk

do

def f (arqg):
f = staticmethod (f)

@staticmethod
def f (arg):

2ol 2 2oE EASHARE @ A5 2yt vl 2 o B ofl thEk o] AA T &2 g Ao

o} 2o el o ABAE BE FuTh

descriptor (t] A= 3] E]) Any object which defines the methods __get__ (), __set_ (), or __delete_ ().
When a class attribute is a descriptor, its special binding behavior is triggered upon attribute lookup. Normally,
using a.b to get, set or delete an attribute looks up the object named b in the class dictionary for a, but if b is a
descriptor, the respective descriptor method gets called. Understanding descriptors is a key to a deep understanding
of Python because they are the basis for many features including functions, methods, properties, class methods,
static methods, and reference to super classes.

23 HE o WA =S of 3 24| 3F W22 descriptors U T 2~ 3 E] AF&H oFU A o]l Y31 T}

dictionary (5 414 2]) An associative array, where arbitrary keys are mapped to values. The keys can be any object

with __hash__ () and __eq__ () methods. Called a hash in Perl.
dictionary comprehension (€ 4 2] Hz 2] A) olElgj 8ol & 84 AAU LR E At 234E &2
gyl & vtEdstE 43 W, results = {n: n ** 2 for n in range (10)}& Fn **

20 W39 7] ng £&3t= Y 2] S A AT T} comprehensions2 R S A L.

dictionary view (5 A 2] H) dict.keys (), dict.values (), dict.items () WA E7} 8 F= AA
== 9A4YE Feg BEUT oJAE2 9V Y FES U3t 54 {FE AFsked, 9A
U7k i3 d o, 571 o] ¥3E W gsitts S9Uth g9 eE RE SdS g2ER v
list (dictview) & AF23HH = Ut dict-views S H A 2.
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docstring (52 E ) A string literal which appears as the first expression in a class, function or module. While ignored
when the suite is executed, it is recognized by the compiler and put into the __doc___ attribute of the enclosing
class, function or module. Since it is available via introspection, it is the canonical place for documentation of the
object.

duck-typing () E019) £/ QIEls] o] 28 7} A=x) FRE o] A4S B & 82 g 229y 28
Q5 ohA, W] WA S ol S el BE A B EE AL ASH UL (22 A% Hol 7 24 A
W, 272 2gth”) 5335 3 Al A o]~ E 70‘5_@(’&“1 ZAAE ZE+= P F QA XS
Hergro e A4 L ANT 5 AT B Bl BE type () o} isinstance () & AHEE 24}
S MU (AT A Thol ol 24 o)~ 2 2 A 5 Bl § ook Bl A,
hasattr ( ﬁA}L]-EAFP—LE:L?J]“J = HFYth

EAFP 3 2tR th= 8 A& 3}7] 7} 9 o} (Basier to ask for forgiveness than permission). ©] £3] & 4= 9= 1}o]
0 2Y AL, SULE SV o EelREe] £AE AR, 1 AR ol BolH o) & Rt o
ZrEsta e AL W tryftexcept w2 SAE S XA Z YL o] HIa Y2 Ce 2 T E
o Aol A A} AFRE = LBYL 28 3} th v g U o).

expression (3 4]) ojH oz LA ¢~ Jd=EHFA 27 tE U E 235, A2 2 EHH, o] &,
B HE WAL, AAA, PRED B G BAAFE BA 845G Bol 22 AYUTE e B

T= =
MO%Q'EHZX—] OE)—‘—L L_Oi ‘?Aé‘%%

4
extension module (873 2 5) C U C++2 A HE BE Y|, Fo]He] C APIE A3 A Aoy AFE-A Z
ol A4S g3ttt
f-string (f-F2}YF) 'f' U 'F' & Yo B ?_ TAE g HEES &3] “f-2Ag ol Ha =), 2
2181 o] 291U Th PEP 498 < 54 8.

file object (3} 21 A]) An object exposing a file-oriented API (with methods such as read () or write ()) to an
underlying resource. Depending on the way it was created, a file object can mediate access to a real on-disk file
or to another type of storage or communication device (for example standard input/output, in-memory buffers,
sockets, pipes, etc.). File objects are also called file-like objects or streams.

AAZE A F72] 3td AA S o] YFUth Eraw) Hhol 2] 9}, ¥ 3] = (buffered) vlolH 2] 9}, E)
2 E 519, o] 59 dEFo] At fo REOIA F P Utk 5D AR S BEE F A A L open )
g 2 AYYh

file-like object (3} 5 AA)) o} A A 9 v]s=3F &

filesystem encoding and error handler (3} 2] A~ ¥ ¢1 7 ¢ 3} of|2] 2]2]7]) Encoding and error handler used by
Python to decode bytes from the operating system and encode Unicode to the operating system.

m

g
B
e

A

The filesystem encoding must guarantee to successfully decode all bytes below 128. If the file system encoding
fails to provide this guarantee, API functions can raise UnicodeError.

The sys.getfilesystemencoding () and sys.getfilesystemencodeerrors () functions can
be used to get the filesystem encoding and error handler.

The filesystem encoding and error handler are configured at Python startup by the PyConfig_Read () function:
see filesystem_encodingand filesystem_ errors members of PyConfig.

ZALFY T HA L.
finder (¥}91H) JXxEE ZES S 20 & o g A =3 AA.

Since Python 3.3, there are two types of finder: meta path finders for use with sys .meta_path, and path entry
finders for use with sys.path_hooks.

See PEP 302, PEP 420 and PEP 451 for much more detail.
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floor division (B U A) 71 717k A-E2 YW she 34 A, A4 A A4txt= // o dE
Sol, BAA 11 // 49 RL2HHAT, A% AL 2,758 EAFUL (-11) // 474-2.75
E U g g -30] Foll 230 oF Ut} PEP 2382 E A 2.

function (3+4) S & X} A oW 3L ST += ?—-_1"‘5-4 TS QAU I o)) QA 7 AGE = =],
vi] o] Aol AHEE 4 &Ytk v 7] S 9 v A = 9} function A AT H A L.
function annotation (g~ o] =€ o] A) 3= vl 7 A =1} wERE Zho] o] mH| o] A

S ool Rt o2 3 Sl E 2 AR EH UTh o & £9], o] §5+= F M9 int AAE WHotE
olﬂgiﬂuﬂ I, FAlo int ¥HE S £ Aoz ZgE Ytk

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

Sk o] mH| o] A F -2 function Z ol A A gt

o] 715& AYds W ol mH o] A I} PEP 4845 T2 3AM 8. TS o g o] Ao t st B ALE =
annotations-howto & X 314 8.

_ future__ A future statement, from __ future__ import <feature>, directs the compiler to compile
the current module using syntax or semantics that will become standard in a future release of Python. The
_ future__ module documents the possible values of feature. By importing this module and evaluating its
variables, you can see when a new feature was first added to the language and when it will (or did) become the

default:

>>> import __ future_

>>> _ future__ .division

_Feature((2, 2, 0, 'alpha', 2), (3, 0, 0, 'alpha', 0), 8192)

garbage collectlon Zm] A -,—7]) O AFREH A =t 28 E Hhd sl 2 ol W Jx 3l 243 2%
c&e AASAL F= T A "@ 7R Al A1 E S8l 7 Al A ST U 7R AT =

gc BES A& A Xﬂ°1 &5
E

WEL yield B ﬁ %EQ&WLﬂﬂﬂ et ol g
Tk Aol sk A = Y
RE A o) E B42 712) 7] A T, o} | Euo] A= A&l ol e ol el @l ol 8 & Al AuT) o Eahe
o u)7} WEE A e AL, A/ BB NA B EL QAT

generator iterator (A ] @) o] €] o]e]d|o]E]) A1 o] T4t wle= AA.
Each yield temporarily suspends processing, remembering the location execution state (including local variables

and pending try-statements). When the generator iterator resumes, it picks up where it left off (in contrast to
functions which start fresh on every invocation).

generator expression (A& o] €] £32]) An expression that returns an iterator. It looks like a normal expression
followed by a for clause defining a loop variable, range, and an optional if clause. 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 (A8 ) 22 A4S A2 g2 FEof U] FHST o8 T2 THE . SE )
o™ 78 o] ALGE A= tasfx] Gae o os A4 H YTt

AZ t2g 2] 917 23} functools.singledispatch () B Z & o] B2} PEP 443% X A Q.

generic type (A€ ) w7} W48 @ 4 e % AR 1ist dice 9 2L AR oY 2, F
7= 9} of 1] o] o] A1-8-8 T,

2]
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For more details, see generic alias types, PEP 483, PEP 484, PEP 585, and the t yping module.
GIL A olE=Z gl & & BN L

global interpreter lock (< QQE]Z2E] &) 3 Hol| 2 A 3o A =t FfolH Hio|E & E AFYPJIE =
B8] S8l CPython A¥ =2 ] 7} AH-§-3h= Uﬂ AUE. ([dict S 22 S2I WIS £33He)
AA) welo] ZAH 07 FA A 2ol ]3] b SHE S BHE o] A CPython TS d=sHA BE Yo
de =B AAE F2E A2 dH 2z HE dE2d =387 g4 vt=s g, vdE Z2 A4 714
AATHE BEA B BRI
SA, o) 3 2 E e, FEI A, GFOI S DL AL A A9 FHY
= GILS Bt 5 AA S 5 Ut ?&,I/O‘Eﬂuﬂ%‘ GIL-S uht3h

Past efforts to create a “free-threaded” interpreter (one which locks shared data at a much finer granularity) have not
been successful because performance suffered in the common single-processor case. It is believed that overcoming
this performance issue would make the implementation much more complicated and therefore costlier to maintain.

hash-based pyc (3] A] 7] ¥t pye) FEA-E FA37] Y&l s F 2 5D HF FA A 7be] obd A& AHE
3l= HlolE I = 7| A] 9}, pyc-invalidation S 2 314 2.

hashable (3] X] 7}%5) An object is hashable if it has a hash value which never changes during its lifetime (it needs a
__hash__ () method), and can be compared to other objects (itneedsan__eq___ () method). Hashable objects
which compare equal must have the same hash value.

;A 7He -2 AAE A 71V AT AW E AT 5 QA St o] A5 FREO Wi A
o g g5 R U
72 glo]x e B W AA =2 Al 7}“21"/]5}, BFE2EYu gy e 2-2) 7 ZAH o &2
282 5yt (5Z o)1 frozenset 2-2) 2 AH )Y EL 159 9450 3|A 75T w2k 3 A
et o LB o] 2 e g ATE L A 5 A A E e () A A
Spa) 2% cheoh ol wE 7, A RS 1d() 2 HE BE ol §U ok

IDLE :L]—O] AL $3 55 7|k 9 sk 3174 (Integrated Development and Learning Environment). idle-& 3}o] % 2]
¥z HHE%Oﬂ mete = 7| 2A Q0 #A @7]94 A ZEE &4 Yuth

immutable (%) TAE e 2 AA. 2¥ AAE 22, £AD, FES TFFYC oA ARETL W
A8+ fdFUTh A % Agshe W A AR E DSl ok Fuith MakA) e Al ghe] ghojof s
Fol A F23 482 Fuith o2 Sof, AU =9 .

import path (YEE 2) 2 /1 520 7 JEE T REE 27 3] GATE FoE (EE A2 A=

path 2 HE) ST}, 4 v A B 9 7] 7] o

T>i])4 *1' ?:IEL—E o v o y

A9 RE AR _path_olERERRH & 45 dgUh
importing (Y £ %) & 259 sjo| 8 =7} e BE) ol il ZEo|A A8E 5 JES 51 A4,
importer (Y £¥]) 252 375 8tal 2E 817 % st AA|; FAl0 ohelH o)Ak =6 AA| ot

interactive (0] 3}3) Python has an interactive interpreter which means you can enter statements and expressions at
the interpreter prompt, immediately execute them and see their results. Just launch python with no arguments
(possibly by selecting it from your computer’ s main menu). It is a very powerful way to test out new ideas or
inspect modules and packages (remember help (x)).

mterpreted(°15‘] ZE|E) vlo]E F & FHupdel o &4 tﬂ]—ﬂﬂ] a1 2ol i 28l 2] 7] = kA e, vfo] W2
A3t oo} 7} ol a} QlE = aa AojdUh o] AL BAHo R 43 9IS HEA GIE, LA

EJr?—-l% AP ARL ¢ ke SdUth 2 22980 £ o] A3 *a
Aol B AT dojin g2 /h/gm 3 F71& 25Ut tighe
interpreter shutdown (] Z2JE] $7) TE3et= 8 S T
Yokt Bl o2 7HA F C’d‘ﬂ-r?‘ shZe R
E3L 7Rl =AY E 0134 I AHAF Y 9k }‘/]‘rweakfef

o]

_a

>l

AZAD % AU B2 A7) 5o ARE & s s oy
EARE0] & 554 % 5 U7 AEAVTHE R o= 2
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AEZEE 59 FH YA AYPFHE_ main BEOIUA2THEZ AP S ZYE= ALY

iterable (©] €] 2] ) An object capable of returning its members one at a time. Examples of iterables include all se-
quence types (such as 1ist, str, and tuple) and some non-sequence types like dict, file objects, and objects
of any classes you define withan __iter_ () method or witha __getitem__ () method that implements
Sequence semantics.

Iterables can be used in a for loop and in many other places where a sequence is needed (zip (), map (), -**).
When an iterable object is passed as an argument to the built-in function iter (), it returns an iterator for the
object. This iterator is good for one pass over the set of values. When using iterables, it is usually not necessary to
call iter () or deal with iterator objects yourself. The for statement does that automatically for you, creating
a temporary unnamed variable to hold the iterator for the duration of the loop. See also iferator, sequence, and
generator.

iterator (©] €] 2] ©]E]) An object representing a stream of data. Repeated calls to the iterator’ s __next__ () method
(or passing it to the built-in function next () ) return successive items in the stream. When no more data are
available a StopIteration exception is raised instead. At this point, the iterator object is exhausted and any
further calls to its ___next__ () method just raise StopIteration again. Iterators are required to have an
__iter__ () method that returns the iterator object itself so every iterator is also iterable and may be used in
most places where other iterables are accepted. One notable exception is code which attempts multiple iteration
passes. A container object (such as a 1ist) produces a fresh new iterator each time you pass it to the iter ()
function or use itin a for loop. Attempting this with an iterator will just return the same exhausted iterator object
used in the previous iteration pass, making it appear like an empty container.

typeiter o] & ZpA g W-&©] Q5 Th

CPython -3 4} A)): CPython does not consistently apply the requirement that an iterator define __iter_ ().
key functlon (7] St) 7] &4 = =9 o] A (collation) = A (sort1ng) o] 1} 8 & (ordering) o] AF&-F &

e EHFEZHEIULL A %‘ﬂ,locale.strxfrm( L ERALEA IS HEEAH 7|E

U= /\}o%‘HD‘r.

o] R g =77t R A E o] oAFA A A ] A AL F ol = A Al o517 S5l 7] T dotE YU th

o]A ZlEo+=min (), max (), sorted(), list.sort (), heapg.merge (), heapg.nsmallest (),

heapg.nlargest (), itertools.groupby () ©] AHFY T}

There are several ways to create a key function. For example. the str.lower () method can serve as a key
function for case insensitive sorts. Alternatively, a key function can be built from a 1ambda expression such
as lambda r: (r[0], r[2]). Also, the operator module provides three key function constructors:
attrgetter (), itemgetter (), and methodcaller (). See the Sorting HOW TO for examples of how
to create and use key functions.

keyword argument (7] 9] & 12} <A} & HA L.

lambda (Bt}) &2 uff gho] Tl A= shute] 34 02 FAH o] F gle A2 . 2o e E v
= EHL lambda [parameters]: expression YUYt}

LBYL = 7] Aoj X2} (Look before you leap). ©] T AEY-L T oy 23] & 317) Aojl YA F o7 AFA
ZAES AAUTLE o] 282 EAFP J2R A thu] = 3, g2 if £9 EAE SAA Y YT
O 2= 7004, LBYL 428 “R 71" 257" 2ho] 44 20 B A E Aol Ao,
o5& 590, 5 if key in mapping: return mappinglkey] & HAA & ], LA 23] A,
g 28 =7} keyE mapping | A A ASHE A E = Ut ol o= FOUEAFP AW

Ao dE = stk

locale encoding (2 A Y 217 9) On Unix, it is the encoding of the LC_CTYPE locale. It can be set with 1ocale.
setlocale(locale.LC_CTYPE, new_locale).

On Windows, it is the ANSI code page (ex: cpl1252).

locale.getpreferredencoding (False) can be used to get the locale encoding.
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Python uses the filesystem encoding and error handler to convert between Unicode filenames and bytes filenames.

list (2] 2~E) A built-in Python sequence. Despite its name it is more akin to an array in other languages than to a linked
list since access to elements is O(1).

list comprehension (2] A E ZA =23 A) AP0 QA AR == JdBRE XEsta ﬁJ,}_aAEEEEq
—T—L A3, result = ['"{:#04x}"'. forma t(x) for x in range (256) if x % ==
0014 255 ALolo] 2= A5 1675 (0x.) 5 ERohe FAL Bl AEE wETh it

] L

7<40 A 2 92T Agato} , range (256) ol Y+ EE 2471 AP Uh

loader (2 ]) An object that loads a module. It must define a method named 1oad_module (). A loader is typically
returned by a finder. See PEP 302 for details and importlib.abc.Loader for an abstract base class.

magic method (W] 2] WX 2) S5 v A = o) W]F A Q1 B 2ok T

mapping (W]3) A container object that supports arbitrary key lookups and implements the methods specified in
the Mapping or MutableMapping abstract base classes. Examples include dict, collections.
defaultdict, collections.OrderedDict and collections.Counter.

meta path finder (W€} 7 2 5}QIt]) sys.meta_path & FAMo] EejF vhel. vE A& Qo= 4=
Q=] 5holt) o paslof 9/ A B thg U T
HEet A2 37 £ S WA =S tha|lA] = importlib.abc.MetaPathFinder & X §
Uk,

¢

metaclass (W e} Fe2) S 29 S g2 Fo= Fda o5, g2 gAY E, vlola FPaEY
2= {SHD} HEl F P2t o] Al AAE Dol FYP2E BE= HYS AUt R AF
ATY 23y AojEL 7B S A FdULH go|H g 585 BtE= AL ALY g F
22 WE £ JdtE AYYUTE RE AR Ao A= o) £ 727 AE D2 A D27 A2 o, v et
Fas A5t Lol Ay S A FFUTH oJEFHE WA 29 &7 (logging), 2 HE SHAA 9
F7h AN A F2, AZE FEI B2 o2 FAYo AeHs U

=
metaclasses o A] B ZFA 5 &2 3¢

o
method (W] X =) S22 vl Qb A A o) 5 = o= E
HAEE R AR QAL (HE self gt 2T 2 d2dA A E G Uth S 5 Hd 232
£ HA L.

method resolution order (W] A = Z & 4= 4]) Method Resolution Order is the order in which base classes are searched
for a member during lookup. See The Python 2.3 Method Resolution Order for details of the algorithm used by
the Python interpreter since the 2.3 release.

module (%5) sho] A T o] 243 3] S Fabi A7) BEL 91219 shol A AA S T o & TS

Gt REL 4 £ Axjel o5 o] M OB =Pk
577 = HA S

module spec (25 29) ZE L Z=3l=0 ALE
1mportllb.machlnery.ModuleSpec-/] Ql

MRO "A= 27 =4 & BAL

mutable (Z7}H) 7P AR = Zro] ME = JAHid() &

i i

AASHA FAFUTE =3 & HAl Q.
named tuple (V| & £Z) “named tuple(V] Y= 5Z)’ o|g}E FojE FZ oA AE31a o] & BEL o]ERH
EEAESt] A2 T 5 e 2400 AN Qe BE Folu Sl &g Uth ot
Zejadls O 7sE 98 + du
7

time.localtime () & os.stat ()

&2 o &= sys.float_info YUYt}

e

FRreret ghe 2 3sto], oA APl vdE FEU YT =
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>>> sys.float_info[l] # indexed access
1024

>>> sys.float_info.max_exp # named field access
1024

>>> isinstance(sys.float_info, tuple) # kind of tuple

True

Some named tuples are built-in types (such as the above examples). Alternatively, a named tuple can be created
from a regular class definition that inherits from tuple and that defines named fields. Such a class can be written
by hand or it can be created with the factory function collections.namedtuple (). The latter technique
also adds some extra methods that may not be found in hand-written or built-in named tuples.

namespace (0§ B70) W47k AGE = 4. o e AU R FAF UL, Aol F AT ol & T2
(HA= W)‘—?."&UPOME}XI‘ﬂJdﬂﬂHﬂ ol &7kl dF UL o5 2 o5 TS A EA
E%/\jg AQPIYrTh o9& 59, € —,—bulltlns open I os.open () 2 2159 o]F Z 7o 93
MHE £, o) B UL o nEol YHE FANC AT LY BEAN AEAT 17

FA =22 FULh A& Eoﬂ,random seed() EExitertools.islice() 8t 2 1 &4

—01 Z+ 7z} random ¥} itertools BE &3l +HH S 8 o] H &3 gt}

namespace package (0] S 37t 2]7] X]) A PEP 420 package which serves only as a container for subpackages.
Namespace packages may have no physical representation, and specifically are not like a regular package because
they haveno ___init__ .py file.

ZEE E/H]&.

BTG S by LR AN
““ ?J = A kethe Aol o s oF Fth A <
TR, A WELS A4
ety oy

new-style class (F+2€}d Z# ) Old name for the flavor of classes now used for all class objects. In earlier Python
versions, only new-style classes could use Python’ s newer, versatile features like __slots__, descriptors, prop-
erties, tribute__ (), class methods, and static methods.

object () el (IEHEY ) & 2L FA (NAZ) o] o H RE Po[B. Edh BE Fard 2
2 9 2% 9 Wlo] 2 Fel 2Tk,

package (7] A]) M B BEEo| U, AAHCE XE W7 AES
712 = __path_ oJEFHE} 9 sto| A REY T

A7 A1 9 018 $2 710 = w2
parameter (WM S) 25 (L WA ) Felol A Fprh g 5 gl 4 (& oW AS ARE) B A
FERG R R B AR A
« $121-719) = (positional-or-keyword): €] %] 17} L} 719 = 912} 2 ARD 5 9 A-E A G
o] Aol 7] Feje] wj AR}, A2 Sof the ol A foo 9 bar:

TP 5 Qe ol vE, EHoT,

’def func (foo, bar=None) :

o Y A-A§ (positional-only): | A2 Al5d 5 = AAE AAZFUh 992 A& vids+=
St oo mig 550 / EAE 288 2 FHd T = dFUThH oA E S0 thEllA

posonlyl 3} posonly2:

’def func (posonlyl, posonly2, /, positional_or_keyword) :

» 719N =-A 8 (keyword-only): 7| EZ T AFE = Q= AAE A FUT 7|9 =-A & w7
2 9ol o] W WS £ 2o A] ko] Shite] -9 A iAW)+ 8 Tk E A Aol T
T A5tk A& 0}, o2 A kw_onlyl 2} kw_only2:

> rlr
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def func(arg, *, kw_onlyl, kw_only2):

292 ARS ol Ha) A5

o 7FH-9] A (var-positional): (tF2 wj 7| A G=Fol] 23l A ©] o1zl
T MAES ol Foll x & Sl

]
% 9 AA A5 99 AALE AF G o 0]
2oA AoE 4 A5, AF Sof Thol A args:

Fo}5
A

def func(*args, **kwargs):

o 7FA-71 ) = (var-keyword): (Fh2 v 7l H =50l o3l A] o] W] Wrol5 ol 719 = AAE o H3)
Asd = JE dYgY M 719 = AAES A AZFUTE o) i AdFE= A HS o] Fofl ++ &
o] X HoE 4= AF UL A& 501 A9 ool A kwargs.

A= AR JAAES At 72T oYt A8 H o] Ay B4 A2 AR T = A5t
o1z g o] %] & oz} vl 7 H =9 }Fo]of L} 2= FAQ A&, inspect .Parameter S &2, function
A, PEP 3625 H A 8

path entry (B2 lE2]) 4= 70 701t 7t QEE F RESS 27 99 Fushe Qr = 42 g st
_04 x]-/\

path entry finder (% 2 QN E 2] J]-°]E-]) sys.path_hooks o Q= ZHE (F, 42 AEF F) o] 2 F+
ol A, FolA A2 dEE 2 RES FEUHEE SN JAFYTH
[e]

A7 dEF gy Eo A= WAEEL importlib.abc.PathEntryFinder o U3t}

path entry hook (7 & dlE2] &) A callable on the sys.path_hook list which returns a path entry finder if it
knows how to find modules on a specific path entry.

path based finder (F 2 7|4t 5}elel) 7|2 e} 42 99t S % s, ¥ E 42 oA RES 25
Y.

path-like object (3 27 AA|) 3L A28 2 & ‘/‘rE‘rLH% AA. A2F A= A2 E Y= str =5
bytes AA| o] A} os.PathLike ZE2EZ S F3 3= AA| 011/]13} os.PathlLike T2 EZ 2 XY
3l= AR = os.fspath() TTE igoﬂ/ﬂ str U bytes 9t A|AE Agg Wiy 4 %%q;};
th4l os. fsdecode () 2 os.fsencode () & Z+Zt str U bytes 2345 B35 =0 AFRE &+

Ut} PEP 5192 =5 g4 th

PEP sto] 2l |41 A] k. PEP= sho] il AR Elo] HHE AT AL sho]dl i 1 w2A| 2 Ex $70]
ga AIZe 7% 2dahe 47 £ AT PEPE AlHE 7150 3 h2 % 714 A R 2AE

A %3 of k.

PEPL 2 A28 7152 Aela £Alo] 0 g ARYE 9
B2 AR TEY] 9% 718 W AUZ YTk PEP S A
2 EAS T Ao dFUTh

1

S A3y Fpol Mol B0zt AA A
FUE WA Fel g 7535k2 w

portion (3£49) PEP 420 o4 o3k AAH, o] 5 &2t s 7] Aol o] upA] k= shite] A E 2ol Sof9le
st A 5] H 3 (zip 3t ol A== A% 7 Fuh.

positional argument (9] 2] 21z} <12} & B A 8.

provisional APT (%3 API) 24 API= %% glolH 2] A 34 BAo 2R AE3] AYdd A9Y
th Qe o] 29 & @rﬂ of| A= A= A W Z7 A o] 2l A &= g Fof A AbE o] B 8 strhal
AT A S8 0] FAHA = tﬁﬁo} °‘<>% FUFULh 2 HA2 EZ8s A oR
dojuA &= S AUt — APIE 28317 Aol X Sidta 28 Age] HAH 4 fofvt

A7 API A2 A E, 717 S840 §A19 7 b WAL <2 T S oz o AT BE A 4H
2AEN B B EHEL §
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o] Aate= BF golBH 7 LM AT F G A RE AA Lol IHE FE] A G AT £ R E
S5 A 8L PEP 411 BT Fu T,

provisional package (373 #]7]x]) 74 API & A 8.

Python 3000 (3} 3000) Tho] 4 3.x W] & 2ol o] W (w4 3] w27} @ mlef o] o] o7 | A Aol TS0}
o] olth) o] A& “Py3k” & £ 27| & T Th

Pythonic (s}o] ATHe) ThE Slo]Sol 4 Ak Q) A E-L 1153
VA A AHEE = oA E S 7h7ko] M2 ofoltlof L} 3
ol AL for ¥ AHESlA ol HEY BE 84 £33

of +AEC| glen g, gfo| o J53o1A] k2 AFRES

m
N
m{m
=y
%
p
;

AL, shol 4 < of of] A
qmﬂﬁﬂzML
= 2 e Qojojx o &
g Alo] %7} 2B 2 AFEa 71 T o

#

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

o 253 spol ok 2 ol s yth

for piece in food:
print (piece)

1 2T LM Bgo] Fojd Selx, g, v =of o2 A =7

PEP 3155 o ] 82 St} 2 4H9] gt o) 22) F-9ol, 47342

mr“

>>> class C:
class D:
def meth (self):
pass

>>> C.__ _qualname

lCl

>>> C.D._ gualname_
'C.D'

>>> C.D.meth. qualname
'C.D.meth'

REZ 7t 7= AFS 2, A3 A FSE o & (fully qualified name) & 25 B 52 7| AN ES £
A RER VM= HoR "'—ﬂ% o] 5L ouFg Ut} o & £9¢],email .mime. text:

Q

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

reference count (2= 314*) The number of references to an object. When the reference count of an object drops to
zero, it is deallocated. Reference counting is generally not visible to Python code, but it is a key element of the
CPython implementation. The sys module defines a get refcount () function that programmers can call to
return the reference count for a particular object.

regular package (A 3}71A]) __init_ .py $YL 233= g o 2L AF A 97 A.
ol F7HI 7)1 A = HAM Q.

_slots__ FeA FH AAH, A2HA A ERESS A3 30 m 2] AAstaL A2 HA
AAZozZN v R E Adete 5 FUTE A7) A7+ sHA ¥ o] Hl 2 = &
= 7Hb 22 HolghA, vl R g o W17He S 3 & Z2 WA g2 5o AxEHAT = 53

AR5 Aol T4UTh

sequence (X] @) Aniterable which supports efficient element access using integer indices viathe __getitem__ ()
special method and definesa ___1en__ () method that returns the length of the sequence. Some built-in sequence
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typesare 1ist, str, tuple,andbytes. Note that dict alsosupports ___getitem_ () and___len__ (),
but is considered a mapping rather than a sequence because the lookups use arbitrary immutable keys rather than
integers.

The collections.abc.Sequence abstract base class defines a much richer interface that goes be-

yond just _ getitem__ () and _ _len__ (), adding count (), index (), contains__ (), and
_ _reversed__ (). Types that implement this expanded interface can be registered explicitly using
register ().

set comprehension (Y& A= 2| A) oJHHE &= 84 AAY RE A3ty 2345 2 A< v
B3l= 23 Y. results = {c for ¢ in 'abracadabra' if c not in 'abc'}E &R}

g A3 {'r', 'd' 1= AT} comprehensions S 2 FHA] Al L

single dispatch (42 Tl 25} %) @ o] shite] Axke] Yol 1234 AR & AV T4 o257 2]
& .

slice (&2lo]X) HE AA~ 9 R E E@‘}L A, Sefol A AH ATHE B7)HES AFLSA W5y
t}. variable_name[1:3:5] A®, [] ¢tollA o8] A A& FEo= EEFYLh dZE (MR
A eE) RS R AR o1iee AN E ALE BT,

special method (54~ | 4 &) jJrO] ol Pol| o AL, QA 22, AF T uf] FAIH R TE5 = WA E.
oA MANEE F NY UEZE A 7(}'6}1 Zu= 0]% FAS) W] 4] = %= specialnames ©f|
Az s %y

statement () &2 29 E (ZE9] “EF (block)”) & 745 FEJUTH B4 3294 o] AL 719
=8 AFE SR ole) 744 22 E £ SUIUTh 48 i, uhile, for.

strong reference (733t 2+ X) In Python’ s C API, a strong reference is a reference to an object which is owned by the

code holding the reference. The strong reference is taken by calling Py_ INCREF () when the reference is created
and released with Py_ DECREF () when the reference is deleted.

roh

=

mlo
30~
ol
A
Jlm
b

The Py_NewRef () function can be used to create a strong reference to an object. Usually, the Py_DECREF ()
function must be called on the strong reference before exiting the scope of the strong reference, to avoid leaking
one reference.

Wy 22 T HAS.

text encoding () 2 E 217 9J) A string in Python is a sequence of Unicode code points (in range U+0000-
U+10FFFF). To store or transfer a string, it needs to be serialized as a sequence of bytes.

Serializing a string into a sequence of bytes is known as “encoding”, and recreating the string from the sequence
of bytes is known as “decoding” .

There are a variety of different text serialization codecs, which are collectively referred to as “text encodings” .

textfile (H2= 9hed) stx AAS 97 % 4 A 4 A4, $F, 9AE AL AR 2 vhel= AT
AHAEYE AR D05 15 & AT AL, SAm S e dam B
TE'w') 2 99 99, sys.stdin, sys.stdout, io.StringI0o ¢ <l

& % gl o AR ol A £ kol ¢ 59 =

Mol EAR A 8 ¢ ) 7 Bz
) B ) ALGEL () A A2 EAA A

al
triple-quoted string (X% u}-&

987 2w
S Shbe Be A BA4de] gt 7152 AFSAL FA W, ol 7HA ol fell A LE A} g Th
ol A 0] ) 92 AL LE DAL ES TAY ol LFT S A F 7, AD EAE 24

FIE ofe] Zo A4 4 YrH, HAEIS L0 53 2= YL uth

type (3) The type of a Python object determines what kind of object it is; every object has a type. An object’ s type is
accessible asits ___class___ attribute or can be retrieved with type (ob7j).

type alias (3 ol Qe]o]2) 8 A8 Aol B Y she] W o)A o 5o,
g o Qelolat ¥ A= Gt o R o2 W
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def remove_gray_shades (
colors: list[tuple[int, int, int]]) -> list[tuplel[int, int, int]]:

pass

£ ohew 2ol o 97 9 BE 5 A&k

Color = tuple[int, int, int]

def remove_gray_shades(colors: list[Color]) -> list[Color]:
pass
o] 752 AW typing ¥ PEP 4845 2 HA 8
type hint (3 YE) W5, 22 o2 HE 9 4 vl W5 o oukg ghe] Aols & WL A G she of |

ol 4.
Type hints are optional and are not enforced by Python but they are useful to static type analysis tools, and aid
IDEs with code completion and refactoring.

A9 Heg AYgety, A9 A, Zd92 JEYRE Y F49 3 I E & typing.
get_type_hints () & AFHEEF] A AT 5= QJF YT
o] 71%5& A 3t= typing ¥} PEP 4845 Fx8kA4 8.
universal newlines (FUHA & 37) U 22 A5 EF €9 o2 A4 3=, HAE AEH S 34
St EHl=: e N 24 & \n? ﬂE%é B N D R RACIIE T
u

AFg-of A= bytes.splitlines () ¥7FolY 2} PEP 278 2} PEP 3116 = B A &

variable annotation (4> o] = ¥]|o] H) W E= F P2 oJE HEQ] o g o] A.
He TEe Fda oEHEY 0117—‘3] ojldE Edul g2 A ALYtk

class C:
field: 'annotation'

M4 ol e ol He dubd o o SR AHUTh & Sol, o M4t int k2 M Aoz A4
otk
=]

count: int = 0

H O%iEﬂ o] -2 Al annassign o A A g o)
° 7)%% AASHE U of v o] 4, PEP 484 9 PEP 5262 F2 5 2. 50
2 /\]—?—1] = annotations-howto & I+ 314 2.

virtual environment (7} 87) 3ho] A AFE AL} S8 =R O o], 2 A AH oA A5 = ThE T}
S8 Z2aREY FZ dFE FA ‘i’%—‘l“"ﬂ v}o] A ufj 3= JH7] AEs AAAY g ol =3
A 71sstA o, FEF o2 Aejd A

f
2
br
)
o
i
.
2
K
fu)
<

venv E H A 8.
virtual machine (7} 717]) AZEgojwto g o AFE. gto|H o] 7H) 7| A& vlolE I = Huld &7}
Y3 vlolE I =8 AgFych

Zen of Python (3} o] Al) .L}O]M_ T #}ol Ye]9f AstS o] EE oy

, Aol & olsf st A ote vl =50l
HUth o] 552 3}y ZFZE A “import this” & Y3}

W E AU
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APPENDIX B

About these documents

These documents are generated from reStructuredText sources by Sphinx, a document processor specifically written for
the Python documentation.

AT A et o] 2 f 8 EA A TS sthol ApA of v A 7 A A o' AG B AR =y th 7] o5k
Althd, Zhof W o] of 8t A K 3= reporting-bugs 3] 0] A & Z A AH A 2. A2 AL E 7\}1]'% A 29t
YtH

O3 2504 B2 ZAE =g Ytk
o Fred L. Drake, Jr., the creator of the original Python documentation toolset and writer of much of the content;
« reStructuredText 2} Docutils 22¢] EE HFE = Docutils Z2 A E,

o Fredrik Lundh, 1.2] tj] ¢t 5} o] #1 2% (Alternative Python Reference) = 2 A E o] A Sphinx 7} &2 o} o] ]
2 a9zt
= Tt M B8

B.1 Contributors to the Python Documentation

olH FF gtolBd g ¢ TholA A A 7| F U 72t BEEF
MSL/ACKS E ZAxIAANL
z

14 2 xy
oj4o] ol@ WA AFAE 2A B AL ol W ARUE S 47} 7o) i # U T ZATI TR
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C.1 AZEQ0{Q A}

Python was created in the early 1990s by Guido van Rossum at Stichting Mathematisch Centrum (CWI, see https://www.
cwi.nl/) in the Netherlands as a successor of a language called ABC. Guido remains Python’ s principal author, although
it includes many contributions from others.

In 1995, Guido continued his work on Python at the Corporation for National Research Initiatives (CNRI, see https:
/Iwww.cnri.reston.va.us/) in Reston, Virginia where he released several versions of the software.

In May 2000, Guido and the Python core development team moved to BeOpen.com to form the BeOpen PythonLabs
team. In October of the same year, the PythonLabs team moved to Digital Creations (now Zope Corporation; see
https://www.zope.org/). In 2001, the Python Software Foundation (PSF, see https://www.python.org/psf/) was formed, a
non-profit organization created specifically to own Python-related Intellectual Property. Zope Corporation is a sponsoring
member of the PSF.

All Python releases are Open Source (see https://opensource.org/ for the Open Source Definition). Historically, most,
but not all, Python releases have also been GPL-compatible; the table below summarizes the various releases.

HY = =t oAM= 2 [ 5 AL X} GPL compatible?
09.0~1.2 | n/a 1991-1995 | CWI yes
1.3~152 | 1.2 1995-1999 | CNRI yes
1.6 1.52 2000 CNRI no
2.0 1.6 2000 BeOpen.com | no
1.6.1 1.6 2001 CNRI no
2.1 2.0+1.6.1 2001 PSF no
2.0.1 2.0+1.6.1 | 2001 PSF yes
2.1.1 2.1+2.0.1 | 2001 PSF yes
2.1.2 2.1.1 2002 PSF yes
2.1.3 2.1.2 2002 PSF yes
2.2 o] A 2.1.1 2001-& z} | PSF yes
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ZF31: GPL-compatible doesn’ t mean that we’ re distributing Python under the GPL. All Python licenses, unlike the
GPL, let you distribute a modified version without making your changes open source. The GPL-compatible licenses
make it possible to combine Python with other software that is released under the GPL; the others don’ t.

Guido 9] A& 3}o] o] vl ZE 753 WHE W2 2] 5 AL BARFE AN A ZA= U T

C.2 TO|4Mofl HMASIAHLE ALRS}7| R 0|8 2kt

Python software and documentation are licensed under the PSF' License Agreement.

Starting with Python 3.8.6, examples, recipes, and other code in the documentation are dual licensed under the PSF
License Agreement and the Zero-Clause BSD license.
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C.2.1 PSF LICENSE AGREEMENT FOR PYTHON 3.10.18

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

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

3.10.18 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 3.10.18 alone or in any derivative
version, provided, however, that PSF's License Agreement and PSF's notice.
—of
copyright, i.e., "Copyright © 2001-2023 Python Software Foundation; All_
—Rights
Reserved" are retained in Python 3.10.18 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 3.10.18 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
3.10.18.

4. PSF is making Python 3.10.18 available to Licensee on an "AS IS" basis.

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

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

WARRANTY OF MERCHANTABILITY OR FITNESS FOR ANY PARTICULAR PURPOSE OR THAT.
—THE
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USE OF PYTHON 3.10.18 WILL NOT INFRINGE ANY THIRD PARTY RIGHTS.

5. PSF SHALL NOT BE LIABLE TO LICENSEE OR ANY OTHER USERS OF PYTHON 3.10.18

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

MODIFYING, DISTRIBUTING, OR OTHERWISE USING PYTHON 3.10.18, OR ANY.
—DERIVATIVE

THEREOF, EVEN IF ADVISED OF THE POSSIBILITY THEREOF.

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 3.10.18, Licensee agrees
to be bound by the terms and conditions of this License Agreement.

C.2.2 BEOPEN.COM LICENSE AGREEMENT FOR PYTHON 2.0

BEOPEN PYTHON OPEN SOURCE LICENSE AGREEMENT VERSION 1

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

(= el ATT A
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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
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 CNRI LICENSE AGREEMENT FOR PYTHON 1.6.1

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 THEREOF.

(= el ATT A
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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
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 CWI LICENSE AGREEMENT FOR PYTHON 0.9.0 THROUGH 1.2

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.2.5 ZERO-CLAUSE BSD LICENSE FOR CODE IN THE PYTHON 3.10.18 DOCUMEN-
TATION

Permission to use, copy, modify, and/or distribute this software for any
purpose with or without fee is hereby granted.

THE SOFTWARE IS PROVIDED "AS IS" AND THE AUTHOR DISCLAIMS ALL WARRANTIES WITH
REGARD TO THIS SOFTWARE INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY
AND FITNESS. IN NO EVENT SHALL THE AUTHOR BE LIABLE FOR ANY SPECIAL, DIRECT,

(TH= sTel Aol A1)
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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 EgrEl AT ES0{of| CHet 2jo|MA & SOl
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C.3.1 HE2M E[AH

The _random module includes code based on a download from http://www.math.sci.hiroshima-u.ac.jp/~m-mat/MT/
MT2002/emt19937ar.html. The following are the verbatim comments from the original code:

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.

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.

(Th= sTel Aol A1)
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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)

C.3.2 A3

The socket module uses the functions, getaddrinfo (), and getnameinfo (), which are coded in separate
source files from the WIDE Project, https://www.wide.ad.jp/.

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
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 H|S7| A3 MH|A

The asynchat and asyncore modules contain the following notice:

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.

(THE seTATol A1)
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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.3.4 F7| &g

http.cookies BE-L T}e 7} 2 79 ARHS EFF T

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.

C35 M8 &5
o}

trace RE2 U3 &2 39 Ak 233 th

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

(THS seTATol A1)
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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.3.6 UUencode & UUdecode &4

The uu module contains the following notice:

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
version is still 5 times faster, though.

- Arguments more compliant with Python standard

C3.7 XML A Z2A|X &=

xmlrpe.client REL 047 22 29 A8e TR

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:

(THS seTATol A1)

C.3. Zgt=l AmEQo{of CHEE 2lo|MIA 2 59l 95




Extending and Embedding Python, £A| B{% 3.10.18

(14

gl

# o] A ol A A<)

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.3.8 test_epoll

The test_epoll module contains the following notice:

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
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.3.9 Select kqueue

select BE-S kqueue 3B 3] o] 20 tha) The7} 22 0 A1RHS EFF T

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:

(THS seTATol A1)
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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. 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.

C.3.10 SipHash24

3} Python/pyhash.c o= Dan Bernstein 2] SipHash24 €37 2] 2] Marek Majkowski 2] =& o] ¥ 3}%] o]
AFUTH 7)ol &= b5 Z2 80| 235 o] 5y th

<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>

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)
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The file Pyt hon/dtoa. ¢, which supplies C functions dtoa and strtod for conversion of C doubles to and from strings,
is derived from the file of the same name by David M. Gay, currently available from https://web.archive.org/web/
20220517033456/http://www.netlib.org/fp/dtoa.c. The original file, as retrieved on March 16, 2009, contains the fol-
lowing copyright and licensing notice:

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

*

* The author of this software is David M. Gay.
*

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

*

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

* %

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

C.3.12 OpenSSL

The modules hashlib, posix, ssl, crypt use the OpenSSL library for added performance if made available by
the operating system. Additionally, the Windows and macOS installers for Python may include a copy of the OpenSSL
libraries, so we include a copy of the OpenSSL license here:

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

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

X% ok X ok ok ok ok X 3k X %
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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-core@openssl.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. 1IN 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
(eayl@cryptsoft.com). This product includes software written by Tim
Hudson (tjh@cryptsoft.com).

L I S I S S N S N S S S S S S N S S T e e S T N S S S S N S

Original SSLeay License

/* 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

(THE seTATol A1)

C.3. Zgt=l AmEQo{of CHEE 2lo|MIA 2 59l 99




Extending and Embedding Python, £A| B{% 3.10.18

R s S e e P I )

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.]
/

L S e S S N S N S S i A R T N S N S S S T S T S NS T SN S N D N S

C.3.13 expat

The pyexpat extension is built using an included copy of the expat sources unless the build is configured
--with-system-expat:

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

(THE seTATol A1)
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"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.3.14 libffi

The _ctypes extension is built using an included copy of the libffi sources unless the build is configured
——with-system-1libffi:

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.

C.3. Zgt=l AmEQo{of CHEE 2lo|MIA 2 59l 101




Extending and Embedding Python, £A| B{% 3.10.18

C.3.15 zlib
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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.3.16 cfuhash

tracemalloc o &3] AFEEH = S| A] Hl o] E2] 3L cfuhash Z2AEE 7|wto & s}

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

(THE seTATol A1)
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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.

C.3.17 libmpdec

The _decimal module is built using an included copy of the libmpdec library unless the build is configured
——with-system-libmpdec

Copyright (c) 2008-2020 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.

C.3.18 W3C C14N EH|AE ARIE

The C14N 2.0 test suite in the test package (Lib/test/xmltestdata/c14n-20/) was retrieved from the W3C
website at https://www.w3.org/TR/xml-c14n2-testcases/ and is distributed under the 3-clause BSD license:

Copyright (c) 2013 W3C(R) (MIT, ERCIM, Keio, Beihang),
All Rights Reserved.

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

are met:

* Redistributions of works must retain the original copyright notice,

(THE seTATol A1)
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this list of conditions and the following disclaimer.

* Redistributions in binary form must reproduce the original 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 W3C nor the names of its contributors may be
used to endorse or promote products derived from this work 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.

C.3.19 Audioop

The audioop module uses the code base in g771.c file of the SoX project. https://sourceforge.net/projects/sox/files/sox/
12.17.7/s0x-12.17.7 .tar.gz

This source code is a product of Sun Microsystems, Inc. and is provided for unrestricted use. Users may
copy or modify this source code without charge.

SUN SOURCE CODE IS PROVIDED AS IS WITH NO WARRANTIES OF ANY KIND INCLUDING
THE WARRANTIES OF DESIGN, MERCHANTIBILITY AND FITNESS FOR A PARTICULAR PUR-
POSE, OR ARISING FROM A COURSE OF DEALING, USAGE OR TRADE PRACTICE.

Sun source code is provided with no support and without any obligation on the part of Sun Microsystems,
Inc. to assist in its use, correction, modification or enhancement.

SUN MICROSYSTEMS, INC. SHALL HAVE NO LIABILITY WITH RESPECT TO THE INFRINGE-
MENT OF COPYRIGHTS, TRADE SECRETS OR ANY PATENTS BY THIS SOFTWARE OR ANY
PART THEREOF.

In no event will Sun Microsystems, Inc. be liable for any lost revenue or profits or other special, indirect and
consequential damages, even if Sun has been advised of the possibility of such damages.

Sun Microsystems, Inc. 2550 Garcia Avenue Mountain View, California 94043
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sho] 3} o] WA E:
Copyright © 2001-2023 Python Software Foundation. All rights reserved.

Copyright © 2000 BeOpen.com. All rights reserved.

Copyright © 1995-2000 Corporation for National Research Initiatives. All rights reserved.
Copyright © 1991-1995 Stichting Mathematisch Centrum. All rights reserved.
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