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>>> import spam

>>> status = spam.system("ls —-1")

spanmodule.c U g BEL A o2 AFHAA L. (JAA 02, RES spanocl2ky 31, 9 TS
283=C o de SPammodule cetil Ptk BE o] F°| spammify A A v 2H, B E o|5& 1F
spammify.c¥ 4 A5YT})
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#define PY_SSIZE_T CLEAN

#include <Python.h>
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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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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.
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static PyObject *SpamError;

a3 2Ee] 27]3 & (PyInit_spam ()l A ¢ AR = 27|18 h

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;

of| 2] A9 ufo] M o] EL spam.error Yol 934 A L. PyErr_NewException () @'—T—t (NULL tj Al
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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) ;

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

}

return PyLong_FromLong (sts);

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




Extending and Embedding Python, £ A| B{% 3.9.23

2.1.3 GiRIZ E0}7}7]
oA 52 EolAA, o)A o e He o] B4 o]a T 4 Ylofof T Th:

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

AL EF oA o 8] 7} A M PyArg ParseTuple () o &5 A H Qo o] &3} A NULL(ZA] 291
B % vkl 949 ole) A7) 2 BRI DL 187 o A9 £ ghel 49 W4 connando]
EAE ST ol A2 2B i FolH Zte] 7= EAE S AN s S HU T (WEkA & CollA], d
command+= const char *commandZ W2 A A A F ofoF g},

o2 BHAL U2 ¢ system () & &0, PyArg_ParseTuple () oA €L EXE S A&tk

’sts = system (command) ;

29 spam.system () &= sts2 2 Ito) W AF 2 HI3e) oF Sttt} o] A& PyLong_FromLong ()
§4-8 830 o] Fol LI

’return PyLong_FromLong (sts);
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Py_INCREF (Py_None) ;
return Py_None;

Py_None2 5 3}-o| { 2} 4| None 9] C o] F YUt kol M KXol ti 22 3ol A “oll2)” & o=
NULL Z A8 7} ofbY gk A% sho] A A <)

214 D E9| HAME H|O|ED} 7|5 &t

spol W =2 IO A spam_system () o] A BA TEH A Ho] FHPTL FEFF U WA, A=
Elo] &7 ofl o] 53 F4E Yd sl of I th:

static PyMethodDef SpamMethods[] = {

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

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

Al A 5 (METH_VARARGS) ol §J 34 Al 2. o] A2 A Z oA C g0l AHEE & 12 & 4H
vz— E=ZY Yyt duta o7 A METH_VARARGS L} METH_VARARGS | METH_KEYWORDS o] oF 3T},
0 %2 B AHEHA & 0}— PyArg_ParseTuple () & o] AH&H S o vty th

METH_VARARGS TF AF§- & uf], 3=+ Fho]# ~F wj 7§ W47} PyArg_ParseTuple () & &3t & &4 9
S8EE FEE AGE AR 7 of gtk o] Faofl th gk ApA| §F A B = ofefoll Al-s-g Y th

71 E A Gpoll Adsof shw, Al WA B Eo| M METH_KEYWORDS HI[ES AAZ 4 AFUTh °]
B CETE 7] JE gxd 72 *ﬂ HMH PyObject * W7} W& H&O}—O%Okﬂ\%\:‘r. ol gt Tl =
PyArg_ParseTupleAndKeywords () & AF&351o] QALE & BEXTAAI L

WA E Elo]Be B E Ho| TRA A B2 ol of Fth
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static struct PyModuleDef spammodule = {
PyModuleDef_ HEAD_INIT,

"spam", /* name of module */
spam_doc, /* module documentation, may be NULL */
-1, /* size of per-interpreter state of the module,

or -1 if the module keeps state in global variables. */
SpamMethods
bi

Al o] F2AE B8 2713 oA dHzgEHE AL oo FUth 273 Fq49 o5
PyInit_name () ©]ooF Ut} oI 7| A name2 REQ] o] goln, ZE Lo Ao H F L3t ¥ static

3= o] o] of P Th:

PyMODINIT_FUNC
PyInit_spam(void)
{

return PyModule_Create (&spammodule) ;

PyMODINIT_FUNC+ &4& PyObject * ¥MI&g oz At ZhEo] QA S5 JI AAL A3
H, C++9] A 45 extern "C"E A AT GO A L.

A 28 Elo] & (PyMethodDet FEA] W) S 7Mo% ] P4 AAELS AL THE B0
PyModule Create () & WHE B o] et £ 161 & waghch =4 olelo 49 B A o) 2
SUE A, BES NS 271548 4 qlow ULl ek & gath 2713 s 2E A4S

S E Al Al Wkef oF Futh 221 ¥ sys.modulesol A4 H YT

o]y e WAAE o, PyImport_TInittab Ho]Eo] &5Fo] le™ PyInit_spam() FT7tAH5o 2 55
=2 g5uth S 273 H ol 8o 7188 W, PyImport_AppendInittab () & ARS3FaL, A €A S
2O RES Y2E FYh

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

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

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

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

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

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

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

(TH= sTelATol A%)
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R s S e e P I )

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

PyMem_RawFree (program) ;
return 0;

AL sys. modules0ﬂ/‘1 FE= Xﬂﬂﬁ}ﬂ%ii*ﬂ HollA Astdd 252 o8] dHZ2HE dxE
St (£ exec () 8 NAAZIA] 4L fork () £ W) A7 Z‘f fRE A7 EAAE A5yt &
=g 2= 141—r Eﬂ oY +2E iﬂﬁ}ﬂﬁﬂ -r«l 1 7IE°4°F gy

O AA A oAl ZEo] Modules/xxmodule.cE Tto] A & v gto] 2FE o IFUTh o] 312
| 23102 AREE Ay ] A= el e 5 dF Yt

ZF31: spam 9 A2} &8 xxmodule2 thebA & 7] 3} (multi-phase initialization) (3} ©] 4 3.5 9/] MNEL 7SS
A& T} of 7] A = PyModuleDef -2 3| 7} PyInit_spamo A ¥8ts] 11, B E AL AT E H =0 mﬁ
AUtk oA Z7]3}o] th & ZHA| 3 8- PEP 4895 FX 8 Al 2

Mg G2 BT Aol ok T F A4 2edo] o AgrUth Az shol Al 2HTte) 92, 57
S5 AR A G ALl A B s A £ ot} 2ol o] 2ol £ G 9 2 Ee
Wl =3l Ao Jd’ﬂ Z(Ce C++ FF L ETL] Z‘)ﬂrﬂ‘: A E o) tf 3k AR S FH = o]l ik HAFH =7}
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] Z 9] Modules/ U aE o 3L (o = spammodule.c)<S =11, Modules/Setup.local 3}
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spam spammodule.o

22 a FH A3 ﬂa‘ﬁﬂ oA makeE A3t JHZEE A WESAYA L. Modules/ A H T HH
2] o A make & 4 636 T AR WA ‘make Makefile’ & A 380 Makefiles HHA] WES] oF Tt
(] 22 setup 9 WA T wfuitt B2 Fch)

25 28 27 ol elel ) RN, ol A% T4 AL Bl 42T £ AT, A8 B

spam spammodule.o —-1X11

. CL} C++2 TIl0|M 2tZEH517] 11



https://www.python.org/dev/peps/pep-0489

Extending and Embedding Python, £ A| B{% 3.9.23

A7A SN C BEE TR £ AT S S o IBALI Y, 2 AT 8T CoA A ol
| 2w 945 A A5 e Heje) o] 9o sl g C AE o] A7t 2
o %% ol Ze e u oA 2 v A UEE Algok ¥ Ba st ALy Th

FAECERAA o)A B Yo g B GLITh hE BEE A4S 2 deun
chals, st QB meEE AR A0 R G B2, shol W Y48 T BE AT |27} 9%y
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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;

o] ¥4+ = METH_VARARGS Z & 1 & A& 3lo] Q18 Z 2| E o] 5 =3 O]: St} o] AL
o] B3 27|35} gh=of] A F o] 95Ut PyArg _ParseTuple () &9t 2219 2z}
w7 e S22 8] Aol A o] JlEuth

m) 2 2 Py XINCREF () 9 Py_XDECREF () = A9 ¥ 342 2774 A7)0 NULL Z 8] 7} 92

SEAZ U (2 o] —‘:.‘—uﬂoﬂ/ﬂ temp— NULLO] ol Yo 9ol E AN Q). AA = 30| oo Ul a2} B

AR 7F 95U

Uz, 345 358 v, C &4 PyObject_CallObject () & S&FUth o] Fgole F /e A=7L

i, 2o 1212) sjol 8 A7l B & EAE Yok ol T4 AR F . 4 Bwe I Do)
Ats] ol BE AR ook STk 215} o] kol d YT TE e B, NULLO| L W] B ES ARIAA 2

R, °W}i ié'ﬁﬂﬁ, O E FES AL AIL. Py_ Buildvalue () & T 21 o] B Aol

07 oA =Wl I =& FTAFHYS u] 5EZ2 vt} o9 =

int arg;

PyObject *arglist;
PyObject *result;

arg = 123;

(THE seTATol A1)

12 Chapter 2. &|AIxt £7 Q10| &% OHS 7|




Extending and Embedding Python, £ A| B{% 3.9.23
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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

t} ro vkl o 2 A3t AMEE = JF UL T2 Ao, A 5B E

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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R s S e e P I )

&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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R s S e e P I )

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_Buildvalue (" (ii)", 123, 456) (123, 456)
Py_Buildvalue (" (i,1)", 123, 456) (123, 4506)
Py_Buildvalue("[i,i]", 123, 456) [123, 456]
Py_Buildvalue ("{s:i,s:i}",
"abc", 123, "def", 456) {'abc': 123, 'def': 456}
Py_Buildvalue (" ((ii) (ii)) (ii)"
1, 2, 3, 4, 5, 6) (((x, 2y, (3, 4)), (5, 6))
21.10 =X sl
Cup Crr o 2 qlofell A, oA AL elel £ et G oh Aok A 222} B C
01]/\1%, mallOC(> I free () TFE AFE3HY o] S ?&14‘:} C++ol X+, A H}new?}delete%

[e]
A 3
AEE T LBl FuEs =95 CY 42 AT IS YT
L&t AR b v Re] E2
=9 FAE dojH AT, free()%

R&UTh o 22 v = e

HU
ot
oft
AU
il
rn
=2
il
AC)
e
e
rlo
o
o
0]
0]

malloc () & (
Sl ojoF St t). AAo) free () & T &= Ao
TEoA] ko T2 70

= HA
—r—r(memoryleak) 2t YT gkl Z2 I o] EE O 3l free () EZTET S EFSS AS /\}%6}‘3,
Emalloc() $E5 53 E5S AAES uf FEo] FAFTULE o] A& A=A v =2 2] AHE-3}17] (using
freed memory) BFaL U Th 27315 2] ¢k dlolHE Fxet= A 22 YR A9E 2 FUtt — T

CER S EREC LS

LEE RSN
S, oW Ate o ohe, B

U ok o

Ar Ay 2t
—b' o 2, ﬂl?{.'a
rr ol < oft

i
&1-
o{x
2,
]
[
2,
_{
ﬂwg
o
=)
e
oft
)
;
E
m T
J}m

:‘
> =2
_?L
T
E
O
e
E
o
o N
o
|
T
_\1

Q3= ¢ /\13145]1— rz_i/q]
o F Ao} Ake 15._ 3 Fo AR =

> f
ﬁ&

>, 0%
é
S‘i
_,\L
30,
_%
>
w4
b4y
_?L
rir
U?L‘
4>
i
Y
—‘N
¢
ko

S malloc() ¥ free() & @o] AH&37] wf 2ol W2 2] F4ot A1 W2 g AHRS 9)5t=
Ut A 7_42 21 4= A 7] (reference counting) B+ 3L UHJI:} A= 7ty 2 E A
& T HT, JHeel e AR08 227 ool 438 ) S71en, o)

. 7HEEI7H0o) 2k, AR ol th gk mhAl g 2 7F AA " A o] A A 7} s Al F U ok

_/'_\__

A AeRS A5 7HE] A = A (automatic garbage collection) 0] g Ut WE LS, FF 34 A7 = 7 A
A LAY M EARLe

57 Aol eha A, T A 2E ) 98 “AHET S RS A% H A
AgAT} free () B BAAOR 52T o7} Gtk AQUTE (£ e 749 o] e Sx v re A48

£ N B o [ S0
Sofko o rf &zt

N

or

ol

ko

1o

<

In)

Spo] AH ol AT — o AL A e AHLo] oL Th) DAL CE) A9 HE A% ALIE ol 44 A P AL
4 SIARH (@2 malloc () T free () B AFBR 4 915 8 o) C E o] HAGITH, AA 2 44 g

A1 A LA e AU A CE 9 3] 45 DE AB A+ AE A

9 AUk am A, 2 e 2 A5 e @A Aokok @ ALk

shol e AT A Fx A% A7 TR AEIHAT, B2 2B FA T <8 FA7 = AFH ) 0|2
Bol $g meade 4440y 4040 €8 & Be s ] d0] 32 A 4adtel 2L
7hil 2] £29] FA AU Thel thal A4 5HA shob= BUth FE €L (1AW 1Y A 02) A4l T3t
FzE e AN TAH NN, 89 2 AR 00] ohd F2 A2 2HUTh A B2 A5
A7 FRANE 23 AR D3 F71 F27} elehe G2 2] AR o] St vmel 2 do] £
ARl A B2 W2 E 25 5 Y

8 P27 A £ B2 GARIL B ALEE S YLV Th go BES T4 AE 3 o] 2291 A7 A2k
9772 W EA3 S 7 5B ok et B4 718 A st P (collect O FH) S ABTUTH 8
A2/ A8 74 04w 2R ARA R 2eT o] AT, FY4 SRS (M 05 X £3H) )
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configure AT Y E o ——without-— cycle
Ao g F3E2 7 E st d gc R ES
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ElO
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o
>,
ofo
ok
2
e
s
>
=
m |
ox
Lo
]
+
30,
fy
A
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)
e

O[Ol M EZ= Bl M7

Fx 349 7k FAE AEste 7 /09 W3 2 Py INCREF (x) 2} Py _DECREF (x) 7} 155U Th
Py_DECREF () &= 3 57F 09 =&231d AAE A= Ut A48 %
A FF Ut — oA, Az H 3 7%‘211 (type object) | Q= 4 LAHE 53 &Lt o] B4
S A8 BE AA o= s F 3 A EHEPM]EhiﬂH\JD}.

a9

o|A & A&o] F5uth AA| Py _INCREF (x) 2} Py _DECREF (x) & ARE U7 WA 2 712 §o] & 47
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g Usyth AAY Fx A oAl o] AAol e 2 E 2w T AU Fx 2= He
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H 22 7 g ey o
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=
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X
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o
°
£
=
[N
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B
rlr
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Bx
e
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=
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X
R
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>
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i
=1
o

AH F27} B4 FHOE A2 wjuieh, £ 4Wol F29 A AL A TLA FLA L G5 AF A o]
WA o ARGk

AAGl g@ FxE B@s REe PHe B2 Wl afAL vy =4,
PyLong_FromLong () ¢ Y Py_Buildvalue () & Z2 A AAE =75 S 71 2
AL FAZ A A Uch AR 7 AAZ A QA7) ot ks, of A3 ST ZE;‘Q]O}] =]
AL U5 Yt} o & £9], PyLong_FromlLong () = &3] AFRE = 719 /A& FA 5l
e AxE waT o

ge AdolA AAE F2oE B F4E Fxo BA 2502 AP, o g 5
PyObject_GetAttrString (). Z& Y & 7}X] ‘412401-‘?« a

t}: PyTuple_GetItem(), PyList_GetItem()
[e]

ol;

rulm -
r&
o =
o
Al
i)

BERE JAE EE gAYeA Y Fx
PyImport_AddModule () Y% AA L Meshe AAE 95 5 QAT e F22 WaTh Ao
EE 917] w2 of 7} g

r
3t FZ 7} sys.modules o A o
z =

AA FxE HE ‘?}"01] 74"/%‘“11 AR o, des ARz F2E IH YL — ¥2E AR
§-_]‘,

oF 3}, Py_INCREF () & AM§3t 59 &/ }% Utk o] 3o+ F 7HA T8 o7 syt
PyTuple_SetItem() JJrPyLlst SetItem(). o] 52 AEH FEHo st 2FAS AFYUtt— HA
Agsle et E! (PyDict_SetItem() 3 1 IAFEL £ FAL A LHUtt — o] 52 “HAP dUtt)
2 2z “1 g] 7] (borrowing)” &= A 3] &u}ex} gsUth A% A8 B2 AHEL 74N T g5y Tk
3Bz N27h 1 o ARIA) FASE AL AES A FELTH— 22 A% AR 7L AA D v 2 el ol 9L 5 9o} A] thE AR o] AALE
S Ay

18 Chapter 2. ®|AtX} £ Q0| BH&F OHE 7|



Extending and Embedding Python, £ A| B{% 3.9.23

cas 7}#01“40M T2, EESARREH 2 A R Fx S DHYUTh T2AE AX ol T G2 S
ety dEel, 98 Fxo] £y drhukshd wizhx] BAg U ol Y FxE AgstA
As o & uj vk, Py_INCREF () & 253to] &3 F2 2 vhsolof gyt

spolHell | T C FpolM wbehd AR 2= AR oo FUT — AfAL ol TSA=
AEdgys

AlOi2

=220

ARz Fa gk e F2o) Abgo] FAIE 4o ¢ e B 7HA Aol huyth o] AE2 BF P
AFAEF2E ALSES S 5 = dEz Y A4 2E3 #d el dsUnt

7h3 A Fotob & 71} T 83 A9 HA2E FE HE F2E U 54 Aol e AA A
Py_DECREF () & AF&-3l= ZA YUt & 91

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

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

o]a¢f~b ukﬂ llst[O]ﬂ] 3 =+

pal

A4 Th Falal B ol X 22 817

LN
. mlm

WA o, 1ist (1] %002 WL, v o 2 WYl 2
D] Qi

gl
L
B
i

PyList_SetItem() S22 Ao 35S W/l BAIthH B|AEE RE FE U FRE AFA, 51
S WA T H FE 1S Xif(dlspose) OH OoF FtU T} oA Y& & 1o] ARZAF F ] S dAad A
7petaL, Se a7 del DM =E Aot o 7H4 oH ﬁ/\lw o] Fef AR A FR Z 4T}
1 o, o] & ALt _del_ WE# TPk

3} del () MIAEE 9499 slojd I=E AP 5 Y ych 1A
bug () ol A] item°ﬂ of gl @i% FER = AAYS TELT T AL EE2 YUt bug () ol A2E 2l
E7}__del_ () A=A AN 7SSk 7145, del 1ist[0]9 EHE 2= 242 Ay 5
l.er, o] 7lo oHDL A ol it wpA wt Fxreky b, 1A AdE R E AL, ZefA iten

&
EA9 41 41 e, A e Atk AA R B2 ASE wIA L. Suke A B
o}

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) ;
}

o] 212 AA| o] of7I AU th. o] W& sfol o o] W1 WY
A =7k A 3) 8= ol oty 7 CHuWANA et A
Ld o A7 A= Y=o AHE Ay Y
HZshe Ao Fof 9loj A, sfol i OJ B2 B9 o 2=

W3 & Py_BEGIN_ALLOW_THREADS & Al&3}o] o] & IA| A

e,
g‘a
E
r[r

o] AR AA T
s 9sdch 28,

=
& #| 5t 1 Py_END_ALLOW_THREADS

HU
[

(]

N
=
o
m[n 2
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2 AFE5to] Al FH 3 5 Qruith ol B2 V0 T30l A B, V07 HEF 71 A chelE Sok ohE
SAE Z2ANE AEE S YRS FUTh BB, T @t old @9 22 B4/ A&yt

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! */

A A2 ArE Aote dee L e Add glew A s geor, 157
EIJDHEEL o]F9 Fof g2 g FIPUD. AA IS vt Fee

& WER 7] 9 A ek NULL 2 RERFgHU TR NULL IAFS A ARSHA] 9 ol fr & &

AR S o el AEsh] i dutt — Z2F 7k NULLE AT, S5 QA Ee l ‘ﬂa“g%}i
g 3

NULLY 4 Qe EAE 7F S A 1] <o a” ol A7 NULLS AARSHE Ao] B4 UL ol & o, malloc ()
olubel 9l & AN D 4 I FolA.

w3 2 Py_INCREF () ¢} Py_DECREF () + NULL 2 HE HAASA gsuth — A v 259 W3
Py_XINCREF () 2} Py_XDECREF () &= &<lgrc}.

S AA d< s —‘H@UHEE(Pytype_Check ())=NULL Z O H & 30314 5t — thA], of g
st Aol el AAS AAE7) Yo AL A o] 5L o] W TEe= T} WobA], =H AT
73 F Utk NULL HAME St W E 2 %i*wu}

Ceadr &2 HAYESLC g A2d QAR EF (Ao A= args)©] 22U NULLo] o} d& BAT YT —
AARE FEFELL LATU

NULL Q16| & 5ol 4 Abg <ol A “WhA U 74A” e 22 A2k of & o,

2.1.11 C++ 2 EH&F ZHMF}7

Crr2 94 LHE A48 & AT I AT AT 45910k W =22 ool d ARzl E)
o C ez AnAs 1 s B, AR} Y Aol ) A A tate) 2 £ A8 T <= Sl o
o) Crr Ao A S Bl 35 A5 A S1orel . SHOIA 16 1t} e 3 (8

o

(0,

(

—

E5 278} @)= extern "C"E*P%ﬁhﬂ AdAdsfoF gyt extern "c" {...}Z Jo|W & L=
222 AFYUT — _cplusplus 7|27 B H W (BRE HA C+ Aopd el 7} o] 7138 A FUth
on] o] P A& A+ Th

o
teeaE 28 d T & AL AT ol T B2 FAH A FHUTE— o] AL A3 7| E ZEof A Fo] AP YT
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2112 2 D EE 2|6 C API X357

e 30 R EL thA] sho] Mo A AL 2 F40) 8-S Al BEA v w2 3 RES A= E FF
BE §LT 4 YU o E S0, FF BEL oA Y= grEANY AF o “AAA” F S AT 4
AL UTH BE ol B 2E Yo B REo] g|AEE ST 228 4 9lA 8= CAPIZF Y= 24 H,
o] M2 AaM Po| = thE G REA I 22 4 = C T4 o] gojok Pt

Ao o] AL AL AAE BUth @A) 42 A48 (B2 staticS A A3HA 9kw1), A A3 3T
S-S A Fet, CAPIS AUt A o] AL RE 33 R Eo| P4 EJrOM*i ez e FHo 7
gaxo] duid A5 2} RES FH PolBy g ALY, 3t BE HH 7157} e
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ol v NESLE, AE oleS 2 3= A Y PyCapsule New () ¥4+ name
uj 7} M<4=(const char *)& H Y D}, NULL name% AL FE= 97 UP o= AAES FYs AL
o= Hz o] AP A 7HY A E A 1*5“41‘% shte] o] & e AES

modulename.attributename

3 A 2E CAPIE 47 2= & 5 A, A%

A &4 PyCapsule_Import () & AFRSIH HES 5
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7F 235 o vk Al FYth
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sfolnelzl wEol AT U] kol 5= void EIES] vl ol RE C APL EIE (o] o] At
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314> pySpam_System () 2 BH 3 C 401

static int
PySpam_System(const char *command)

(= sl ATT A
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return system(command) ;

Ll
=4

Ab2sHA A Yo

rlr

spam_system () &5

static PyObject *
spam_system (PyObject *self,
{

PyObject *args)

const char *command;

int sts;

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

sts = PySpam_System(command) ;

return PylLong_FromLong (sts);

"S",

REe) A R A, TS & vl T2

#include <Python.h>

= = O

T E=

e o % 7bsf ok g ok

#define SPAM_MODULE
#include "spammodule.h"

RE 2¥HES

L) o A-gH U v e

#define2 3|H 5}d o] Fgfo]AdE B E] ofd YR U=
2,259 %273} 34 CAPI ZQE v g & = 7)3}a) oF 3 )

PyMODINIT_FUNC
PyInit_spam(void)
{

PyObject *m;

static void *PySpam API[PySpam API_pointers];

PyObject *c_api_object;

m =
if

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

/* Initialize the C API pointer array */
PySpam_API[PySpam_System NUM] =

/* Create a Capsule containing the API pointer array's
P g p y

(void *)PySpam_System;

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;
}
PySpam_API+ staticC 2 AAFPUTH 2HA oW PyInit_spam() o] FE T uf Z£AH v o] Atet

22

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




Extending and Embedding Python, £ A| H{% 3.9.23

Ay eH
Z] f HEL 3o 9tY spammodule.ho QloH, t}2 1 25yt

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

#endif

/* Header file for spammodule */

/* C API functions */

#define PySpam_System NUM 0

#define PySpam_System RETURN int

#define PySpam_System PROTO (const char *command)

/* Total number of C API pointers */
#define PySpam_API_pointers 1

#1ifdef SPAM _MODULE
/* This section is used when compiling spammodule.c */

static PySpam_System RETURN PySpam_System PySpam_System_ PROTO;

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

static void **PySpam_ API;

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

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

static int

import_spam(void)

{

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

}

#endif

#ifdef _ cplusplus
I
#endif

#endif /* !defined (Py_SPAMMODULE_H) */

PySpam_System () o AM 2317 35 =
W H =) import_spam() & 3= Ao AR

PyMODINIT_FUNC
PyInit_client (void)
{

(Th= s e[ Ao AI%)
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PyObject *m;

m = PyModule_Create (&clientmodule);
if (m == NULL)
return NULL;
if (import_spam() < 0)
return NULL;
/* additional initialization can happen here */
return m;

mpA e g HE F7t 75 Zﬂ*ﬁ}‘l] 53] Aol A 2UdH o v g &
W /C

i
=
o] A A

FFUTh A% A2 Bho] 21/C APL &3] € 2 o3+ 91 9] capsules Ad AE 7H (el SR p
Include/pycapsule.h®} Objects/pycapsule.c 3d)o] AHE o] 5Tt

22 5% Holsi7l: HENM

Spol e C 8 2 F AR W st list B3} vpRsbA 2 shol# B A 22 5 i A2 e
P BT UAEE AUtk BE AP Y T =+ 39S WEX|RE A ASE7] Hof| o] sfjaff of & A - AF}o]
AF Ut o] A= FA O o gt I}_’-\JH?J‘J‘:}

221 7|

CPython AEF QL B2 vho] W A S PyObject* @] MR ], of= EE vpo]d A “H
o]2g” 4&E Pyt Pyobject 72| x}xﬂL AR x5l op AR g AR e ZAE R
ERRL oj717k Aol ol ik ZULh & AA = oS So] AAA =B HES 23371},
HAEE 228 AY, thE Al 52wl JHZEYL 225 (O dE AR Pk oA C TS

weh A, A E3E S F s, Al 8 AAE wEolok YTl
ol T/ AL AAZH HAYE = 9lojA, 7]l C FF EE custom WA Customo| 2= Al FE
Aol o= Hadto| A AT R Eo] dFUTth

FaL: o 7)o A= A2 A A A (static) B2 Aok H54 < &
oF gy} C API= _‘E}PyType FromSpec () &S AMste] 3 €3 &P = 49 ¢+ dsUd,

o] Ak A ol A= BHFA] ghE YT

#define PY_SSIZE_T_ CLEAN
#include <Python.h>

typedef struct {

PyObject_HEAD

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

static PyTypeObject CustomType = {
PyVarObject_HEAD_INIT (NULL, 0)

(THE sTeTATol A%)
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.tp_name = "custom.Custom",

.tp_doc = PyDoc_STR("Custom objects"),
.tp_basicsize = sizeof (CustomObject),
.tp_itemsize = 0,

.tp_flags Py_TPFLAGS_DEFAULT,
.tp_new = PyType_GenericNew,

bi

static PyModuleDef custommodule = {
PyModuleDef_ HEAD_INIT,

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

bi

PyMODINIT_FUNC
PyInit_custom(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)
Py_DECREF (&CustomType) ;
Py_DECREF (m) ;
return NULL;

return m;

<

0) {

OJ Al = g Wl mj oF & Z o] WA g, o] A A3} v 3l Hoo] 7] E vy th o] 3}
1. Custom AA| o] £H Z: CustomObject FZA o1, ZF custom A~ H
i

=
2. Custom 9] 2% W4l CustomType XA o1, EA Ailo] 2 4=
g2} g 2QAE TS FYFeh

=

3. custom 2 EE

AR A2

X

71315} = W PyInit_custom &2t #¥H custommodule -2 A Y U Tk

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.

%31: PyObject_HEAD WA E F ol Aln|Z&] glFUth AF=Z F71se 2

4

o Fo S AL AR

2.2, EEH ™olst7|: AHEAM
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v 24 AUTh

EE, AAL YulA 07 FF pyObject HEAD FEF 9o 27} to]EH] & AZFUL) o & Sof, 5

s}ho] A floats ol o) 3+ A o) = thS 3 24U th:

typedef struct {
PyObject_HEAD
double ob_fval;
} PyFloatObiject;

= R AL g AR ) Aol U,

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

bi

7 A 2R 4= EEPyTypeObject BEE UE3}A] 11 B0 AN =AE AA 2R oy,
99} ZFo] C99 ~EFY 9] A ¥ (designated) 27]§]r7<]-‘2 AH&eh= Aol 5T

object .hol| 9 PyTypeObject 9] A4 Aol A9 Aol Bt vl B =S RLE UL U7 EEC
Azt ol o8] 002 A A, Do oA o WAH o2 2| Bl A i o] LAY

3 wlol o W=A whe theel gk

’ PyVarObject_ HEAD_INIT (NULL, 0)

o] & folA dF3ob_base BEE Z7]3}617] 93 B4 A4EF I h

’.tp_name = "custom.Custom",

22 P o] . o] AL A2 7| E HAE FHI QB o7 v A Ao YEFE U, o & Eo:

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

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

O]EO] RENFHEEWFY )5S EF 2= HoE 24 o5 9l 04_]'“/\]—1— o] AL EE
2 custom©] T L custom©| A, & o] 5L custom.CustomZ A AT YT} 3 o] pydocH pickle
= o 3
Lre

RENSHEEE U LA Jog F2H dZXE FEE AHESh= 20 HE}
.tp_basicsize = sizeof (CustomObject),
.tp_itemsize = 0,
)AL ME L Custom ALEAE BHE ) sholflo] FFE MR FL & 5 AES 317 AT AQY )
tp_itemsizer 7} A7) AA| o9 AFEE 1] 12| ¢k oW 0o] o] oF g

FaL: «401“401]/\1 Fe B AL 5 AVE Dok, Fol wlo] A 22 tp_basicsizeE 7HAH,
o g5l -r7<ﬂ7P % T AU P9 Fold HE FP s bases ol o] F& WA Y D3foF
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Fuch 134 Fod e g0l 89 _new () WASE EET 4 fEUTh ol Wolagur =
Co haticaize 8 e Sicl ol EARE TR 4 Ik, ARES o AL oI HE e,
Wl g F7hse] 2718 57 W

Hlo]2g o] object o] Ak, T A] F oW W] Ao HolE WWE

ZY 2 Z#Y1E Py _TPFLAGS_DEFAULTE A A3t}

.tp_flags = Py_TPFLAGS_DEFAULT,

o] A& Zel 2o = oF Futh Holx Sho] K 33742 HojH RE W E EASh
& Z e 2= OR 3l of it}
tp_docell B SAEHS AT FTh

.tp_doc = PyDoc_STR("Custom objects"),

AA A4& 7 st st W, tp_new X%ﬂﬂ%.— Alssl oF gtk o] 22 ol MM E __new_ () 95
=5 Aul WA Ao g x]xgsﬂo]:g-qq_ o] 4 $-oll+=, APl § PyType_GenericNew () 9| A Al&3le 7]

TS TFASY S Y&

’.tp_new = PyType_GenericNew, ‘

PyTnit_custom() o A% TEE A2 elw, Y| T2 BE &L o4 of Fuirh:

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

o] 21 Custom F = 27|3}et=H|, HFol NULLE A A3 ob_types E£33to], o2 M E A ET 7| &

Fo= Atk

Py_INCREF (&CustomType) ;

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

< B2 28 gAd gl F7HEUth Custon FHAE TS| Custon J2H2E e F YRS

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

o] A ARG ULH dolgle AL WESE AYUTE 99 TEES custon.cehs Yo Y3

L.

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

o

< setup.py®he 9ol B2 v o=

$ python setup.py build

Ao 483 AE T e o] 59 custon. so & A4S oF U TH A Tl 2 2 o) 5] v S

Al 28 Al & — import custom & 4 111 Custom AA 2 = 4 J5Yh

aZA P A A5t 134 e
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=8, @74 Custom -2 18] v FA] gk5UTH tlolEl 7} QLA b7 21 2 814 ebsUth Al B S x2x &
T syrh

Fa: o] A= CEFAZ UES Y] 38 £F distutils ¢€r§ Hof Ak AA AR AbE o A &=
MED SA FHe) 7} 2 F setuptools 2o B 8| E AJL3t= 2 o] 25Ut o] AL 285} v o
it AP A= o] TA1S BAE oA oL sto 4l s 7] A ARg-AF Zl@/‘ioﬂfﬂ g 5 Adsyth

2.2.2 7|= of|x|ofl IO|E{=F HIME =71517|

2l 1E%9‘rﬂﬂ MEE FIFSES 712 A A E 3] G AT e vlola SHAEE AT = J=F FAIHL
e 7|58 2718t A B T‘ir ustom2 & WE A Yk

ON

#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)

(= el ATT A
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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) 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, O0)

(TS sl AToT A
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.tp_name = "custom2.Custom",

.tp_doc = PyDoc_STR("Custom objects"),

.tp_basicsize = sizeof (CustomObject),

.tp_itemsize = 0,

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

.tp_init = (initproc) Custom_init,

.tp_dealloc = (destructor) Custom_dealloc,
.tp_members Custom_members,

.tp_methods = Custom_methods,

bi

static PyModuleDef custommodule = {
PyModuleDef_ HEAD_INIT,

.m_name = "custom2",
.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 ALY BEoll o 7HA] WA A o]
o2 3} Z+e =7} £ 3 (include) &

#include <structmember.h>

o] EFE Eo] AW el AN A ELREES A ejshe o] ASehe AL AT H
Custom &2 oA C FZA| 9 first, last D number2] M| 7}A] tl o] g o] E ] HE 7} Y5 YT firste} last 4=
0|53} 4% T shol W £ A1 1 U Th. mumber o] E 2] 3 E= C B4 U T}
A7) 72 AL b3} o] AANH )
typedef struct {

PyObject_HEAD

PyObject *first; /* first name */

PyObject *last; /* last name */

(TFE sl ol Aol AI%)
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int number;
} CustomObject;

oA B vlolEl 7k 7] W, AR T B A B 6 AF o FuTh H T A
WA =78 e gk

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

°o]& tp_dealloc WH ol thYF Ytk

.tp_dealloc = (destructor) Custom_dealloc,

0] HAEE HA F gold oJERES X 34E AFYth Py XDECREF () & A7} NULL QI
A% (tp_new7} S 7ol Asfstd DA = JdFUhE SvlEA Aggych. 28 o3 A4 ¥

(Py_TYPE (self) & A4 UTH O tp free §HE Fo] AA e wrgE AT YT AA °l

CustomType ©] o}d = Lo Fo A 2, A= A B Fef29 A2dAY 5 Y7 &Y

Z3: CustomObject * AAE FHSEE Custom_deallocS FY P AT, tp_dealloc T EQAEE=
PyObject * Q1AE W& Z1 0 =& 7[tf35}7] whiE o]l 99 destructor29] WA A AAE7ZF F Q3 th
287 god, Astd oA Bzt AT YTt o] A o] CE st AA A &F thF A J Y tH

L= A o)l 2o) Hl BRI R 273 EEE 8t Ao A, tp_new 7+ A2 Th:

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

CustomObject *self;

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

self->first = PyUnicode_FromString("");

if (self->first == NULL) {

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

3
return (PyObject *) self;

223 I7e tp_new WH o A g

.tp_new = Custom_new,

tp_new A 2|7l B2 AAE (27132} thu]ste]) B st= AdS AUt spojdol A __new_ () HIA
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E2 23U tp_new A E BT 28 = glon, AR W2 HFI2 919 Custom Fof 3 WA
H A o A A PyType GenericNew () & A AL S| 9 ST A 2L, tp_new A 8] 7] & AFR3}o] first
9} last O] EFHEZS NULLO] obd 7|2 gk e = 273t

tp_new A2EA 3= J(HH Fe 27 QLR 3 S, HEA] CustomType A I = gsynh
HPol T uf AGdd BE JAAVF AGH H, J’ oA A~ E v 210 g 7 Uth tp_new
A2l 7] B AR} 7| = JAAE Wols o] ARk, FF AAE FAISHL A A 2] & 2713} (CY] tp_init

U atolH e _ init_ ) WA A FAFUTH

H3: ez et AA S Aolgh A, tp_news WA HAOF tp_initE F=3E o Fych

tp_new 7L tp_alloc £€%S T &3t W2 & &G

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

m 2] defo] A 5 oA, Y sk7] Mol tp_alloc Z¥7FNULL O] opd A] 2Hls] of gt

3. fEEtp_allocERE

A WA skFUTh Al PyType_Ready () 7} Hl o] S| (7] £ 4
S 2 object YU Th A &3t o

Al
12 A uth R Ee] 98 /8 B A ALg gt

Zi: P tp_new(do]AF tp_ newur new__ () & &3+ A %{E% 735, A A Tkl WA =
AR A E AR 2T WA EE 2A 3 I BFA] kolof 6“43} Aold PSS TEIA AFow 4
Aok, 149 tp_news ZVS,E—type >tp_base->tp_newE Ebﬂ i%i‘ AA L. o] A 1A ko,
o2 shol A Jo] FH AR LS & F 9] ol B Fe At &nta A A5 A e 5 dF Ut
53], TypeErrorE GA] Fo WA, o] 23t HH S A9 AAEAE HEA £ % JFUTH)

o

Q2R 20 ZAGE AT HE QXS Bololt 273 Y=

o,

g

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

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

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

}

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

3

return 0O;
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O] ZACZE tp_init €F& Atk

.tp_init = (initproc) Custom_init,

tp_init €2 FolMolA __init_ () WHEZ = EFUTh A7 BE R F 27351 dl AHEF
Ut zﬂﬂz}h FF A2 71 = QLS vopEoln AF Al 0 = ol 2] Al -1-8 §EEkal of P Th

tp_new A7)} 9, tp_init7hofel £EH A o4& £ = Y&VTH(EIE Sol, pickle BEL JBAL
29529 Q28204 inic (08 EEHA F5UD. o8 W 558 FE dFUth S99
AA _init () WANSEEET 5 A5UT )T ol R, A oEelRE e YT W 2
Foshof g o8 S cirst WS che3} 2ol Hfsteln & 4 A&tk

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

}

e o] 2L Sl PRvITh 92 WL £irse WS P ATIA ghobd, RE SR AA 7D 4+ A5
o £irat Wlo] 9 2311 A S ok IE A AR EE ohe 313 20} 918 4 Gtk w9 A}
Ao ez el E %2 S AT ohE Ad =ol A AA o] AAATT £ H e Qo] RS AARES

T JsYth

BA5H0l 2 o) A PO RRE $) AN BT A3, FolE A B B2 L5E T Al
Wl 2 ohA) T AU Th A ol A 814 skotw P 7h87

« BE AR A 22 B9 S Y2 W)
- AR B AA LS AANAE 3 Po) =S A TEHAE $2S T3 9
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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

183 tp_members €% FE d5Uth

.tp_members = Custom_members,
2t 9u) ool W o], W, 224, AMx Eej1 D SAEYo] gk AT WS of H &
olEEHE Fe] Mg FRHAN L
ol o G ol o EGHE AT 5 = A Y FS AL WS A FoHA devhe A
Utk o] g7 4 ALY Ao A aA w, RE Stol 1l AR S BT 5 dgUh T olEeHES
AAE = Ut C 2JAHENULLE AU th NULLo] ofd gho 2 YIS 27|31 & 4 YA vh ol E
JHEES AA Y WM S nULLE A48T 5 dsyTh
o5 F & ol AR o] 5o E EH et Y WA S Custom.name () & F Pl

o

o ¥ AFAT 2L A EFoleht A I 9IS w FY Yk
£ A Q8 %7 W ol o] ol Ao A1 tp_dealloc A2l 7oA ol A& A8 AU
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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);

o] A E & Custom (2= Custom A B ZEA) AAHAE X HA] QA2 FH 5= CUL—’F—E?- Sk o
Nes '6]'”' AAEAE A HA AXZE HAFULh A== 55 X879 E AAE H3HA| 1, 9] 7§-c|’“°ﬂ%
OFFAE H A gFobA A A2 FEoly 7| HE A3 —/\4 el & wolsd 28 gyt ol fiA= =
O3 22 gho] A A =9 F5 3 th

=]
A
=

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

first 9 last W 7FNULLY 7b5 A& S5 of Foll 934 L. AAE 5 97 W e, o]l NULL
2 44gUch o3 o= HEY AA S BARIL o EB R E ghS FADE A BSE o] B FH UL
ke A Mol A o] & S ashe e An R AL Th

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

(%8l METH_NOARGS Z&| 1& AM&-3lo] WA =7} self ©] 2 Y] AAE 7|t 8HA] 55 YERI Sl 793t

A L)

183 tp_methods €& 4k

.tp_methods = Custom_methods,

npA g o 2, 29 PZ A B FHAY oA ZHARE AFET A BHE Ad Uk 2= AF7HA
HESAA AU AFSE 3L = ARG Fol| thsl] 78S oA F=F HAEE %«l ;A 2 UTH ZEiA
2 =2 Aol py_TPFLAGS_BASETYPE-S F7}317) % 3519 U th

.tp_flags = Py_TPFLAGS_DEFAULT | Py_ TPFLAGS_BASETYPE,

PyInit_custom() 2] ¢]5<& PyInit_custom2 () & B} 1, PyModuleDef XA A BE o5& 7
Al3}al, PyTypeObject 2 Ao A AR S o) & E < AT

nA e 2, A BES WES] 98] setup.py AL AT T

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

(THS seTATol A1)

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




Extending and Embedding Python, £ A| B{% 3.9.23

R s S e e P I )

Extension("custom2", ["custom2.c"]),

1)

2.2.3 H|I0|E| ({EZ|REE O MZSHA Mo{5}H7]

o] Ao A&, Custom S| Ao A first 2} last JEZHEZ HAATH = A2 ¢ MUSHA Ao g}
ol WAL BREoANE, 2T M first & last & £AE 0] obd e 2 AAFGA Y AATS 5
gtk o ol = HE S B4 AL RS o1 AU

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

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

} CustomObject;

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

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

CustomObject *self;

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

self->first = PyUnicode_FromString("");

if (self->first == NULL) {

Py_DECREF (self);
return NULL;

}
self->last = PyUnicode_FromString("");
if (self->last == NULL) {
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;

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

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

}

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

}

return O;

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

bi

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

Py_INCREF (self->first);

return self->first;

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

PyObject *tmp;

if (value == NULL) {

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

return -1;

;

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

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

return -1;

3

tmp = self->first;

Py_INCREF (value);

self->first = value;

Py_DECREF (tmp) ;

return 0O;

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

{

Py_INCREF (self->1last);

(TS sl AToT A
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return self->last;

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

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

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

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

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,

(TS sl AToT A
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bi

static PyModuleDef custommodule = {
PyModuleDef_ HEAD_INIT,

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

bi

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

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

Py_INCREF (&CustomType) ;

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

return m;

irstof last OIS Y HEE o AHAL2 A0l AN, A8} Ao} A E et o A E eten) B8
AEFUL first JERES AT BAFE G TS H 2E

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

Py_INCREF (self->first);

return self->first;

static int
Custom_setfirst (CustomObject *self, PyObject *value, wvoid *closure)
{
PyObject *tmp;
if (value == NULL) {
PyErr_SetString (PyExc_TypeError, "Cannot delete the first attribute");
return -1;
}
if (!PyUnicode_Check (value)) {
PyErr_SetString (PyExc_TypeError,
"The first attribute value must be a string");
return -1;
3
tmp = self->first;
Py_INCREF (value);
self->first = value;

(TFE STeTAT AZ)
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Py_DECREF (tmp) ;
return 0O;

Al E] (getter) <ol = Custom 24| 2} “F Z A (closure)” (void EJE}) 7} AZH Ut} o] A%, 22X = FAH
Yt} (:r;;q 7 2] ol o] B 7} Al E] (getter) 2F Al E (setter) 2 A G H = A7 /\]—%‘ﬂ% ALZ U o & =91,
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PyGetSetDef A9 wjd-E w54t}

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

181l tp_getset EXF° SEF T

.tp_getset = Custom_getsetters,

PyGetSetDef FZ A 9] npA| vt 22 QoA AF3 “ZFZA” AUt} o] F¢, FEZAZ AFRHA] FolA,
NULL 2 A &3k o},

Rt ol2et o ETRHE e W HoE Al AT YTH

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

bi

3 EAAT AYEH SR tp_init 22712 A ok gk

S

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);

392] % ol A first 9} last WM H EApGolehs A2 B3 Yol d, 2 A5E Folt d € XAF  YAW, S B4 AR
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self->first = first;
Py_DECREF (tmp) ;

}

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

}

return 0;
}
o2 e WAL Eal, firse 9} last Wil 7} Aok NULLO] o2k SAIE 4= IOl A, 7o) BE Agol NULL
A ANE AAL $ A5 UTh o] AL Tl Py XDECREF () &% °| Py DECREF () 332 Wdhd &
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>>> 1.append(1l)
>>> del 1
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>>> import custom3
>>> class Derived (custom3.Custom) : pass

>>> n = Derived()

>>> n.some_attribute = n

S8 GO Fz w8l Fd3h Custon ALHAE SHEA AA BT 24T 4 JEF, Custon Y& F
Mol 27} £ %e AT ol e 8 £ RS FAstele Se) 18 B4 of T ok

#define PY _SSIZE_T CLEAN
#include <Python.h>
#include "structmember.h"
typedef struct {
PyObject_HEAD

(THS seTATol A1)
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PyObject *first; /* first name */
PyObject *last; /* last name */
int number;

} CustomObiject;

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

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 0O;

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) H{
Py_DECREF (self);
return NULL;
}
self->number = 0;

}
return (PyObject *) self;

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

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

(TS sl AToT A
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sfirst, &last,
&self->number))
return -1;

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

}

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

}

return 0;

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

bi

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

Py_INCREF (self->first);

return self->first;

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

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

Py_INCREF (self->1last);

return self->last;

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

}
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"
by
{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 = {

(TS sl AToT A
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PyModuleDef_ HEAD_INIT,

.m_name = "custom4d",
.m_doc = "Example module that creates an extension type."
.m_size = -1,

bi

PyMODINIT_FUNC
PyInit_custom4 (void)
{
PyObject *m;
if (PyType_Ready (&CustomType) < 0)
return NULL;

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

Py_INCREF (&CustomType) ;

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

return m;

AR, G (traversal) WM EE T3 GC7F ool FoJTd = JdE= AR AA o ds) & 5+ JEE FUot

static int
Custom_traverse (CustomObject *self, visitproc visit, void *arg)
{
int vret;
if (self->first) {
vret = visit (self->first, arqg);
if (vret != 0)
return vret;
}
if (self->last) {
vret = visit(self->last, arg);
if (vret != 0)
return vret;
3

return 0;

—~

E3o] FolP S gt 2 A8 AR ojs) G WA E0) AL visic () F4E SEA ok Fuiek
isit () Bt AH ARG G WA Se] AL 27} AR arg AAE ARz A G 00] obd 73

H
gho] W& visit F4 T E S AF 33t Py _VISIT() WA EE AFFUTh Py _VISIT() & AHE3HH,
Custom traverse"ﬂ/ﬂ HETF FE HasT 5 O]AWD}

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

{
Py_VISIT (self->first);

(THE seTATol A1)
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Py _VISIT (self->last);
return 0O;

#3: Py VISIT() 8 A88el | tp_traverse Ao A A o] 2L visitTh arg= 4 2314 A Aol of
ot
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static int
Custom_clear (CustomObject *self)
{
Py_CLEAR(self->first);
Py_CLEAR(self->last);
return 0O;

Py_CLEAR() WA E A& FHFAHA L. F2 IAFE ZolWA U9 39 to]H 01 PHEE A=
AAE 31 AT W QY UTH NULLE A A 317 Hofl ol E]HE| A Py XDECREF () & th4l &3 o,
JERRES IR EGHEES A A FE(53] FR o] ol )& gA 32T 754 o

3 o33 Zo] & eke] Py _CLEAR() & o[ E& o] AT 4= AFUth

PyObject *tmp;

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

JHHE, JJEYREE AAT ol &4 py CLEAR() & AFE37|7F X g ol g7 A5 Ut A4S
3] ABFAA ML FH A IE A=A upA A 2!

& 3f| Al 7] Custom_dealloc ﬂEI’J%E'rE% AL doo] FI=EFTET S JF UL o=

AM =& GC7F ERA @ 5 &S JuFUn. GCE F=x 57k 00] ohyehal 7k 87] w2,
HE 2971 Ao PyObjecthchnTracM ) & TE 3 GcoM AAE F2 A S oF T Th
PyObject_GC_UnTrack () & Custom_clearE ARE3lo] ThA] 3 & 5"31- oHZﬂ 714yt

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

ulA] 9o 2 py TPFLAGS_HAVE_GC ZY 1 & E~ S 2 F718Yth:

.tp_flags = Py _TPFLAGS_DEFAULT | Py_TPFLAGS_BASETYPE | Py_TPFLAGS_HAVE_GC,

A9l b ggUth A2 A9 tp_allocolt}tp free A2l AP O, £ HH A £ AE A o) 2
GAs ok BT B e B AFOo2 ASH NAE AS I
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>>> 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)
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.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;

—~

HAThA S, 22 SEE o] A A4 Custom A2 S A UTE St TE Aole] £8 Rl B
_E_ [e)

typedef struct {
PyListObject list;
int state;

} SubListObject;

SH4Y A7) %8 Aol AL vl ol 2B Al F2A7 A WA Golol ok Brhe AGUTh ol =g ol

T4 /‘]Z—}—‘?——E—C’ﬂ PyObject HEAD () & 2t}

glo] W A A 7} subList dﬁkfﬂizglm PyObject * X9 E]& PyListObject *2} SubListObject *
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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;

Aol Wol 2B init  MASEEESHE PSS B S A
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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 () & Z&3}7] Ael, & FZA ¢l tp_base £Fo] YA doJoF Tt 71& F & A4S
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typedef struct _typeobject {
PyObject_VAR_HEAD
const char *tp_name; /* For printing, in format "<module>.<name>" */
Py_ssize_t tp_basicsize, tp_itemsize; /* For allocation */

/* Methods to implement standard operations */

destructor tp_dealloc;

Py_ssize_t tp_vectorcall_ offset;

getattrfunc tp_getattr;

setattrfunc tp_setattr;

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

reprfunc tp_repr;

(THS sleTATol A1)
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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 */

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

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

/* rich comparisons */
richcmpfunc tp_richcompare;

/* weak reference enabler */
Py_ssize_t tp_weaklistoffset;

/* Iterators */
getiterfunc tp_iter;
iternextfunc tp_iternext;

/* Attribute descriptor and subclassing stuff */
struct PyMethodDef *tp_methods;

struct PyMemberDef *tp_members;

struct PyGetSetDef *tp_getset;

struct _typeobject *tp_base;

PyObject *tp_dict;

descrgetfunc tp_descr_get;

descrsetfunc tp_descr_set;

Py_ssize_t tp_dictoffset;

initproc tp_init;

allocfunc tp_alloc;

newfunc tp_new;

freefunc tp_free; /* Low-level free-memory routine */
inquiry tp_is_gc; /* For PyObject_IS_GC */
PyObject *tp_bases;

PyObject *tp_mro; /* method resolution order */
PyObject *tp_cache;

PyObject *tp_subclasses;

PyObject *tp_weaklist;

(Th= s Ao AI%H)
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destructor tp_del;

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

destructor tp_finalize;

} PyTypeObiject;

oA WA =7k o} BTk U AASA A S - Belstelt Bol 90w, o] F ARV TAR s

ol S wgUT

obul 2| 7 AT,
Do Aol FFE 07
229 4=} 234 oA

ol 2o th3) A3 31 ke M2l sle) v A ARE AT
£ e A2 el ol A, FaA el A E £ A2 AY5A S
g 2o ohe A Fol 2A ke WA FF M Atk

’const char *tp_name; /* For printing */ ‘

B o] 5 - o] 1 Aol A AF 0], o] AL of & ol A Uehiiztl, 7o) Ask 22 T, 12 8 Aol A

Egol R e AE s Al 2!

’Py_ssize_t tp_basicsize, tp_itemsize; /* For allocation */ ‘

o WEL o] ol A AA 7} S0l W) T vl m e FL AEFQo] Ll F U Tl AL Al Ao] P
(A7l 2: EAFY, T2 ol B g A AL WAsla ), ol tp_itensize BEZ} FA G o A

2y T =
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const char *tp_doc;

o1 7]0] Stol Wl 2T YETboby. _doc & FEFe] SAEYL AW VBT EAL(EE FALL] F4)
29e 4 deun
oA 7% g WAl sl A AL TH- R R Fgyel TAY AT YUk
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’destructor tp_dealloc;

G BEE g davind 42 951002 olEastold deade} aAE ALE LA T
Utk o e £ Foll AAT el 7 DAL B ek A Ghe] Do, o 7o B 5 Y&y
A3 A= 01714 A A} T of Yol ol the st 2 eh

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:

static void
newdatatype_dealloc (newdatatypeobject *obj)

(THS slTeTATol A1)
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PyObject_GC_UnTrack (obij);
Py_CLEAR (obj->other_obj);

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

(0]

B AN F5) T2 2T NG F e AR FA A E IO 2 @A Folof drk Ag Yt 9

Bz elE 7} ol d 282 32wl 87 SA717 A5 T2 ) Wl Bol TRk Ado] (F444 )
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0 F5E A&l 2B T+ ik

PyErr_Fetch () & PyErr_Restor

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);

i G A Fgol A AAFA AT 5 = APoll= Aste] dsuth WA, Fo] M| A A E
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sfol WA, Ao A BHE P43
e dA str () & TEFYTH) ©] A

reprfunc tp_repr;
reprfunc tp_str;

tp_repr A7l 29 d2d20 RH S st AL AAE vl of Ut o2 0 E A Y

Yk

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

tp_repr A 7|7} A A E 2] koW, AE|Z B E&= 9 tp_nameT} AR IF A FS A= 2H S
A&yt

tp_str A 2] 7]E str () ol thak 20| a1, ol A A3 tp_repr A 2] 7|2k repr () 719] A 22 BA Y
Utk &, slol A iEﬂﬁxﬂA AAE A str() S TE3uj E%%HD} ?ﬁ%t _repr &9} v
AR B, A A2 Abgo] A3 7] Ale AdUth tp_str2 A AFIA] O, tp_repr X%’Jﬂ 7}
Al AREEH Ut

ge et g ek

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

2.3.3 O{ER|EE ziz|

JEYREE ANT 4 Y= BE AR thal, s W o = HE 7 2B (resolved) B L Ao} 5
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Utk 2+ g2 739 Ao o gt S A8 4 5y

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

VA V4

getattrofunc tp_getattro; /* PyObject * version */

setattrofunc tp_setattro;

222l ol E g HEO HA| 2Tk Z o] 4 st Aitold (BHA A AYGUTh, o ERRE & ‘6‘*«1
PyObject* WAS A F ot vl AR S 5 v A 73 o] Ads5Uth sfolA 22?3 FHE oJEH
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PyType_Ready () 7} £ 2 wf, & AA| 7} ZFx23= 3709 Bl o] &S AHE-31] 3 A A9 T‘/]}»:]L-]ﬂoﬂ i X =]
UAIYHE ORI AT QAT AN W ol el o 0 A2 Aot
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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;

Boll A A5 & 7} w4 ol o] Shbel BB Aol s ok Fuith Wlo Ao A FLE B =& FEol
9 8.5 kU Th mhA vel Shuke] £} 95 o] D vk WA 22 hekth ALE Y (sentinel) ¢ U o,
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typedef struct PyMemberDef ({
const char *name;

int type;
int offset;
int flags;

const char *doc;
} PyMemberDef;
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static PyObject *
newdatatype_getattr (newdatatypeobject *obj, char *name)
{
if (strcmp(name, "data") == 0)
{
return PylLong_FromLong (obj->data);
}

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

tp_setattr A 7|= Y2 A2rHA9 _setattr ()olY__delattr_ () WA=z 0 5=
AUt o EREE AAS ok 31d, Al A vl 7] W4+ NuLLo] HUth V/}%L LLO] oo & YA 7] =
o Utk o] Zo] L= ofgfFo] Yot A F ey, tp_Setattr 8] 7] NULLZ A Q= of oF g th

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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richcmpfunc tp_richcompare;

tp_richcompare A g 7|=8urlEod ] &gk 22 FHES v w A =0 & gt
o, PyObject_RichCompare () 2} PyObject RlchCompareBool O o gdAx= T&H Ut

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.

W QB e 3717 Zow grka sk ol HFel A E TAL e 2E Utk

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;

' & AAFYTH o & A o) A8 AL 7] S8 A FH = FAA A
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PyNumberMethods *tp_as_number;
PySequenceMethods *tp_as_sequence;
PyMappingMethods *tp_as_mapping;

AHE AA =2, ADd2 EE o] APAY Z53 52 533, C3 PyNumberMethods,
PySequenceMethods .+ PyMappingMethods & Z+ZF F 83l 2 A9 F4AE AT Ytk o] +#
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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;

AUtk tp_hasholA -1-& whaksid
5 s oF gyt

=
)
it

Py_hash_t+= Z ¥ Zo| ue} Hal= vu|o 35 = A5
FAIBNAL, S 9F Zo] S A] Al kel A3 3E w wkEketA] ke

ternaryfunc tp_call;

R

Eaysl

>
)
kd

ro

ol e HolHF e dxdart e E7d W TESHUT, & S0l objl o] HlolH
Jpold 2T HE] objl ('hello') 7k 2= ] Qlo™ tp_call A2 7|7 EEH Ytk

o] T Al e AAHE FH Fth:
1. self© 359 A tolB @9 dadAadUnh TE0] objl ("hello') o)W, self+= obj1 Y th.

2. argse T2 3 AAE £F8= FEJU T PyArg _ParseTuple () & ARG St JAAE 2T

% A%tk
e 4G AHE AR ARAADG, ol A0 wrLo] A HE A E A A

PyArg_ParseTupleAndKeywords () & A5t QAAE FEIAAI L. 7IHE AAE X HTHA]
1 o 70| NULLe] ol B, 191 Q1071 A 915 A SHethi A A o) @A Typerrror & A7
AAL

T3 tp_call +AL 23 25Ut

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;

o] St olElelo) e LEEZ ANL AFFUCL F A7 BF A5 St o) 45, EET & Ax
G928 Sl FEE B, ol ok A, 918 AR LS Wk P cocer

ho] A __iter_ () WA= 6H‘%}?'Y}i,tp_iternextt?ﬂr 1% __next_ () WA= gt
olH HE AAE o H & o E AAE WSS oF = tp_iter 2B 7] E F& 311 oF gt tha2 shol X

ol rolE 485 - 3E AQAUTh:

«ole] e S ol E AUT e AAACHY J2ER FH) AP, tp_iterE 5EF

d 7 Holg e ol del Fagor Al AA s 222
M2 F2E Weeto] tp_iterE TAL F YFUT - WebA tp_iternext A 7= 79

N, b
rln

olH @l o] E] AA|+=tp_iter$tp_iternext & BF T3 oF Futh o|H B o]E Y tp_iter ﬂal
= ol olHol e 22 F 25 Wk of Futh tp_iternext A2 7]& o] Hd o] 9 th3 A
(015}‘11)011 gk A G5 whetef oF et olH gl o] o] 2o Rt d, tp_iternext & o9& A A THA]
923 NULLZ WHHsl AL}, NULL-& WF8Hoh= 210l B3l stopIterations AR T 4 AFUTE o9 & 95}
W 5ol R FEE 5 AsUth AA ol 7 288, tp_iternext+ A 9 A A8, NULLS

§k2ha) oF 3 oh.

oh

weakref 25O th3t A A,

=
AR 7 ok A H2E 4 o, BAH ol T /A 24l S e oF ik

Lo 2 oA UG 48 C AR 2EAC Pyobiectt DEE EFAN 2. AR AL RS
NULLZ A Folof FUth (7] tp_allocs AHE & uf &= A5 Yy th.

2. A= E 7t 2o AM st A= WS €5 JETF, tp_weaklistoffset P BHE
C AR F2ANA oA A7 S D] 2mAL R HAFIA S

H
TAAcE, Gee A5 BER Aad AR F2AS st P AUk

typedef struct {

PyObject_HEAD

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

gl A7 AAH 3§ Ao s A

static PyTypeObject TrivialType = {
PyVarObject_ HEAD_INIT (NULL, O0)
/* ... other members omitted for brevity ... */
.tp_weaklistoffset = offsetof(TrivialObject, weakreflist),

T3 271 AFE2 F=7ENULLO] ofY W tp_dealloc©] (PyObject_ClearWeakRefs () & T&3519))
BEE S AR E A IRV o= At
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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

ZE TS v S o8, CPython 22~ T EE T34 A 2. Objects T HE
] tp_oll 93t 7152 B3t 2 (& 9], tp_richcompare) = A4

o
=
A2 QA Felsfof 311, PyObject _TypeCheck () && ARSIl L.

‘%
A e Tt g

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

¥

] B7):
CPython 22 Y| A5 &2 534 A L. https:/ /www.python.org/downloads/source/
GitHub 2] CPython Z 2 A & CPython £~ F &7} 7)== 3L, https://github.com/python/cpython

CPython®] C #73-2 27|13} & WE W= &f el 2 JUtt (& 01, Bl 52 .so, EFE
pyd).
QEE 4 90w, FF ehol vel el 7k pyTRONPATHO Ylojof kv, B E o] BL wel 4 A% SR
=oA ol & g o} distutils & AFR31H, 2H1E 31 o] 2o] XpF o g7 AAH YT
2718 Gt eI 22 A YL 2E U
PyObject* PyInit_modulename (void)
&3] 271319 EE ol PyModuleDef IAHAE HFERHU th AFA| 3 W82 initializing-modules & 3%
SHALL.
ASCIHZ % o] 0] J o] 55 7H BE9] 4-¢, 9] °]F< PyInit_<modulename> o] o] of P}, of 7]
A <modulename>2 BEE2 o]E 22 X &3t} multi- phase initializationE AF-&& o ASCII7} o}d 2 &
o
S <~ Py

o] o] F&HYL o] A%, 7|3} §+4 o] 52 PyInitU_<modulename> 9] ™ <modulename>- I}o] 4
Q] punycode Q1T PO 2 A FQG= 11 U2 thA| T sho] 2o Al

def initfunc_name (name) :

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

return b'PyInit' + suffix
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o 2713 $48 Ao ste] B FH ol ne oA ole BES YR £ FUTh T}, 052
QEE Seiw B JA SR A YEEE Gk FUh EA 02 3} o] o] A
4l 9 7] Q] Uk A4 3 82 PEP 4899] <3t thol Hefelof oje] mE” AL AR A S

2.4.1 distutilsZ2 C2} C++ =& HIE5}7|
3 R EL go] o =TH distutils =S A 3to] W=
ﬂﬂﬂﬂﬂfﬂﬂ£ﬂ—ﬂﬂ°“ﬂﬁﬂﬂﬂ¥%ﬂ-H%mmmﬂ ﬁﬂ““*ﬂﬂ

distutils 3 7] 2] ofl = E2}o]H 2T HEQ] setup.py 7t YFUTE o1 212 BRI vho]d spd ], 7
B e Ao o]’ A gyt

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 = [modulell])

o] setup.py$ 3} demo.c 2 thS& A 3P3td

python setup.py build

demo.cE AIYst, build Y E gl demosts & EES A4 oh /\]i% of et B E g2
build/lib.system 39 T E glo] £0]7} 11, demo.so} demo.pyd 2} 2L

setup.py A, BE AP L setup TFF TE3to] A F Yth o] A2 th g3t 7 =

th A9 o= R AR ZUTH FAFOR, o] o= 7 A S ‘31':5}7] st v e} FHE XA 5}
71 A9 &2 AZF U dutH o=, 3j7] 2] = Tho| ¥ &AX BE, 74, 13 3} 7] A

2 Eo| £ Ut} distutils 2] 7]5of] o 3F AFA| 81 W& distutils-index 2] distutils A WA S FZSFAA|L; 0
oA g RES YEste AW A8 dch

ZglolH AT YEE H ZL?‘ 3}3t7] A&, setup () ol 3t ARLE v] 8] AlAFsH= A o] LRk J Ut 919
olol| A, setup () o] B3t ext_modules QA A}= 51';{]'3 ol glAEW, Zt R EL Extension?d AAEHAQ]
Ut o] oA, A" A=t 1/\/\_,4.01 demo.cE A3} Y 3o E]E'G]—L demo #t= AL Ao}

B A4S, S Bt A2 o 538U dvkstd, F7HE QA AA e 7] Foj s} gtelBny e vt 28 %
T A7 EH“':“?JQ‘:]’ ol&= ]’EH"ﬂ/ﬂ 01]/\]?1413]-.

from distutils.core import setup, Extension

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

(THE seTATol A1)
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R s S e e P I )

url = 'https://docs.python.org/extending/building’',
long_description = '''
This is really just a demo package.

v
’

ext_modules = [modulel])

o A0, setup () = 27t ol AU2 Samoh, L A% Aok @ AGH L 3 el
oA, AA ] A, A2 EE )i e), eholtiel ol el o] 3 sjo] Helel 2
W), distutils = o] AR E Tha e w Antdelo] AT o2 Sof, 4U2A
Ao B o oojd 4 gyt

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

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

o] 2L oA BA Y Hel}; distutils AFR A= distutils 7} S HFE A &3t Do of gt

o] A 02 WES W, o] B ALFFHE Al /A B o] AU
A% HEAE HE BES 4X5T 42 Rolx, the e AP

’python setup.py install

BE A 22 7| AE A oF duth 23 H Y, o3 A A3t

’python setup.py sdist

uj ol whel, 7 A A wjze Zgsof Fut); o] 2y & MANIFEST.in 314 & 53 =3Ptk
ZFA 3F W8-S manifest S ZZ 314 Al 2.
/\/\HH:'L7}_}H.‘_TLXJOE EE]EQ, ﬂx}-“‘\ﬂ}— ]Lﬂ\‘l]ﬂﬂ_—?’—_ u_g_ 9}%1/]@ %%%Oﬂﬂi}—,o]%_ﬂﬁﬂ
o2 BE 5 e A S o s uTh

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

N
()
.|

=0 C2} C++ =& EIES]7]

+ Microsoft Visual C++5 A}23lo] oAl & A= FF nES vle
o] 2 Ao o gt Kok ApAI Sk v A A EE Alw gt AW AR
o o

fo o,
2ol é
30 4o kd —u
r el i £l
)

i © O
o

g ‘“41‘}1 B A F&
Eated o] XA At 2 thAl distutils 2 A& AR S 2l o] 5
ﬂ AH4E C Aatd 7 o A3 83t} B E Microsoft Vlsual C++d Yt}

u} il o o |
N

o

25

% 0

o J

M,
mE

L
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2.5.3 DLLE AlMIZ AF25}7|

Windows Python is built in Microsoft Visual C++; using other compilers may or may not work. The rest of this section
is MSVC++ specific.

e 01]/\1 DLLS s ufl, pythonXY.libE & A A
SR
o =

o 1”“41'/} % 7§ 9] DLL, spam ¥} (spam°f] $1+=
CE+E AHE3he) g WeEstd, o 95 2

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

A AR BEe A A FLE UEYSU T span. obj, spam.dll ¥ spam.lib. Spam.dl11-& 3}o] R
_l__(7]—3:] PyArg_ParseTup e ())—‘;; ;—‘_—r’—_‘;_j '6}—%] O}X] pythOHXY. 1lib E:}‘{'t_]_q] II’}O]@ iE";; ;l-\_l:' Bo}lﬂ_‘%

S ni.dll(TE T .ob)S . 1ib) S BEYL U spam stol A A o) A D2 & G4 E
3t g JFYrh

BEAUAE BE HolBE UH AL S5 ThE BEGIN Xhel AUAE B 4+ S
3l# ¥, void _declspec(dllexport) initspam(void) PyObject _declspec (dllexport)
*NiGetSpamData (void) ¥ _declspec (dllexport) &t A A3 ofF ).

Developer Studlo— AAZ ZRFA e o oz E glo]|H S YA doji] A3 updoj 2F100KE =7}
FUth o] AES A ASH Y, T2 A E QA 3} AALE 535l ignore default librariesE A 7 M Al 2. =¥
msvertxx. lib% glol B 8] BEof 27134 A 2.
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shol A& WS 7bg ke el o9 4 E o) A% S s A YT of AE ok
S8 Z2Id7 A% 45 48T A2 glol o8 AAHES A7) A AU o] AL o & o]
shelol tia) ol | 14he FaAlshE o A8 4 AFUTh

#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;

Py_SetProgramName () & dhol® HELY] gtojBejgo] i3t A2 & Az el A & 7] 93l
Py_Tnitialize () Bt} WA T &= ook Ut tf32 2, o] QAEZ2 B Py_Initialize()
2 2713t8 3, @9} A S st ot I HH Io 2aFgEV AP Ut 11 oS,
Py _FinalizeEx () TZ&°] JHZIHE TSI 22O o] ZHUTh AA Z2 I A= TolA
A2THEE OE a2 (otvte 9AE AJ 7] £ 8, 5t E= H o] g o

=

2ol A 74 & 5 Utk 5
o 4 Thol 4l IEE A+ AL PyRun_SimpleFile () B4 8 AHG5HH o 28 4 g, W 372

FPo 5D J§& 2o MAZSL Dol FUTh

31.2 049 D4E WIS HolA: AL

05E dEHol At 38 TR o)A P9 sl W IES AP F I SYL AFHAY, H 4T
Hlol B g meshe Ao] A WAFHU 1212 AT A2 $FS Aok U Th H BeC
=8 s ok she A, A BE AL BT 5 AUk

shol & 43t AT shol Ae WS AL ThE o mol= B75h1 3 £2L BF o2kt Aol §93
oF Uit o] 4 g A £ W B 22 FA L o] 5| FEAFU o AL WA, shol Ao A C2 g
TEA AR e DS AR R 2

2. A e ALg3hel vl A AEjTo) 2 £ O P4
3. 35 E0 N 2 Hol ghe sl Ao A C Y
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A 3], Ho)E W 27 o) 2 A0 e BB £437) N3] D) 2 e HUY Al
Ae FuolE W ko] TEehE 2UAYUTh S4B W ECFUL T2, WAL Wl o)y 2EL
sE gk

o] ol A= st Mol A C2 Hl o] B S AFSH= W 71 Wl 2 o o[ § 2 WBshe o] oA AT

A U Th 3, F2 0] SHHE AT ol 6 E BHRE A2 ol stn Yrku PG o3 Zw e

A EeIe|E Ao A5 b= fhome, ol 8 Bold AL ANE FEE S ST

A WA T2 WL oW 2AYEN Y= B4E Aol AL BER FUTL )¢ n52e) A ol
2o 2Hek Aol M 2hzto], Thol Wl A ZelE = of B Ao AT A AT A8 Rt (AW L

#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;

-

o] ZEL argv([1] & AF&dlo] shol i £
QA= amvﬂ“ﬂ%%ﬁ%ﬂwﬂ-]zi
REA), 023} 2L ol dl AAPES Aale

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

=290 A5 nt 4 SE O C Aol dlE B o w0 E AT

g0l = ¥
FERE AN Wil

s
floF
LY
mo
nﬂi
>
¥
o
°
O

Py_Initialize();

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

B
uu
rlo
[
2
Fu

AEZEEE 27838 &, AT YELE pyInport_Import () & AFS3le] 2 =g Ut} o]
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glo]l W ExF-ES QF3=4|, PyUnicode_FromString () HlolE] W3 FE & AL-&3}o] FAAE YLt

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
th ol o] EAstaL, vk AA7E = e Eold, 2le] FpEhal oS A 5 s ynh 19 T
L2IYLE AL FE2 b o2 7St APFFutt 2 o sfo]d I TEL2 o) 7

SEXEE=E

pValue = PyObject_CallObject (pFunc, pArgs);

F4 7k B@E W, pralue s NULL Ol ALt B9 whe gholl T 9t $2 8 TRPUTh S AR F 42 E

S Al sl oF U o

3.1.4 LYZE=El mlo|M e EHaks|

23744 WA sl A Qe el B o) A o)A A 9] 7)ol M AT 5 QiU Th sho] A APLE
W38 dE =g FIFon oA HEFUh Z, N8 dHzelHE S5 m2 IR A AF
st o 38Uk Bae SeA T 19 Ym AL g5 $A 28 =2 o] o4l
A melEE A RBTHE AL oM P A L. A, $§ Z2 IS A8 FEo Yo 55, Ay

342 AT AA Y Tl Aol A AP Relo] AT 5 UEF Ad TEES AYFAN L. o &

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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o =5 main () ) T HER Sl At Al L. =3 Py _Initialize() o it &€ Holl vh& F &
e AL
numargs = argc;

PyImport_AppendInittab ("emb", &PyInit_emb);

O

] F &2 numargs ¥M4E £7]3}48131, emb . numargs () T8 WH Sto| A A Z | E 7 AN AT 4=
AEE HsUth o]yt &S 59, JolH ~2A3HdEE= SH T2 AF S T3 = JdF5Ut

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

AA & ZE2 YA, o] HHL2 S& T2 APIE vhol Mol =& P

3.1.5 C++ = UlO|M LHZES}7|

Sho] A€ Crt 22 18] WASHE A% 7R T Th o) o] of @A £ 85 A & AL E Cov Al 289 A
Aol gel Q5 UTh AR R Cr 2 Q) 22 1S AT, Crr A5 A 2] A F] AL
Aot ota Jas ok Gtk Cr+-2 AHg3ho] shol A AA S ThA] A5t AT B2+ gU T

3.1.6 A ALY A|AHIOA Hulal 213357]

ol M AEZEE & S§& Z2 I a7 93] Aatdei(@ FA) ol Add EHI1E F+= Aol &
et A = 5yt 53], 53] stoj o] ApAloA F3H C 54 FF(.so JJr°‘) oz F3d golHe g
HES EEoFe7] WiE Y

2ot Astdel A S E Fovd, X AAe] R E AP E pythonX. Y-config AT HEE
AT 5 F YT (python3-config /\3%} ET AL 7}:ﬂ¢ 9&5Uth. o] AT YE = ofg] 24 o]
Rom, o3 2 A2 ool AH 8T AYg Uk

» pythonX.Y-config —-cflagst A3Y T ufe] A4F EH1E AFFUh

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

pythonX.Y-config --ldflags+ B3 @ uje A% ZHI1E AFFUth

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

i oe] ghold A A 719 (53] Ala" sho] Mt of gl o] A3 Hupd gt shold 74e)) TS 5t |,
9] 9] o9} 7o) pythonX. Y-config® At A2 & Alg8t= 7o) 25U

o] a7t A HE S F3l FAF oA Fevhd (RE Y2 AE SAFAA A5 o A2 B A g5Uth
SIARE W1 R IE %P"ééMDH B4 g3 A3 A" AYAE &= I ol sho] A < Makeflleﬁr
(ZAXE oy sysconfig.get_makefile_filename () € AFSSIAHAIL) ASY 342 74/\}01101:
Futh olu, sysconfig RE2 o] dFste = 74 g2 22 Iy P eE 2S5 ol 78T

=7y o & Eol:

()
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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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APPENDIX A

0%
>>> h3}q Ae) 7|8 so] W mEmE. AEHAA P oz 49D 5 9 T oA AF 2 5

it

e Ellipsis W& Ab<.
2t03 TolM 2x T EE oMW 3x TEE HISIH I A E5=
S22 AN 2AT & d R R B He ohE
2t03 &= % gol B oA lib2to3 E AlFFUTH SHA SR AP 5 9= 2T HE & Tools/
scripts/2to3 & A& YT} 2to3-reference S H A 2.

abstract base class (34} o] A Z|A) FA W o)A Fd2Ehasattr () Z2 2 HIYEO EHIA YV
n 53HA ZEE (& 9], M2 HAE) F-L, ]Eﬁﬂo]’\e 7“-43]'& P2 AlST 2N Y ELol

2 B3t ABCE 7R A B %a}ag T8y, = 7:]]~'6}Z] X0 HAE isinstance ()
9} issubclass () o 93l A2 1% %"/H/\E O]D]T/}, abc E2EEAHAE BN L. Slo|Ho= 1

2 Y& ABC 0] Wt =d v 3’4— 2 759l dFYTh: A8 F X (collections.abc E’_%oﬂ/ﬂ),

XA} (numbers 2EA), 2EF (io ZEA), ‘?:]EE et 2 (importlib.abe EE 9 A]).

abc R E& AMHE3)A A4l Tke] ABCE 2HE 5 FUTh
=]

annotation (o] - H| o] ) T5Hol Wl 8 SIE 2 AHEEH =
Wk 7k A A9 glo] B Yyt

A M4 ool e A ATl AA2T 5 YA T, A W, 22 44 B G4 o] el o]
AL 7 2 g, Ed2, 42 __annotations_ EF o]EE|HE AAAH UL
o] 71%5< AW st= W ol H o] 4, 9 o] = E| o] 4, PEP 484, PEP 5265 X 3HA] 2.

X]- =} _tl_:_
o 7|19 = QA (keyword argument): S+ T2 wl] A FE2}7F Lol B2 A2} (A& E9], name=) T== **
£ Y & E}"%LﬂﬂiﬂuﬂLo]z} d& & ) &

BEI7I9E 2z
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complex (real=3, imag=>5)
complex (**{'real': 3, 'imag': 5})

o A X AR} (positional argument): 719 = A A Y <]z} o)
A olH e & o ol » & 2o A2 5 FUH A& S0, A 2

B 9] %] QR e,

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

QARH= G4 whE 9] o] & E2 A9 W o th ol 2§35 75 Soll thah A= calls L
BAS BRACE oW ZA4 0|7 Az AHEE & AUtk 7oA gkl A Mol B9 ok

o149 v 7] W% =3} FAQ A2 Q1A1e} ) 7} 4e] Aho] 9} PEP 3625 HA| £

asynchronous context manager (W] 7] AYAE #A2]R}) _ aenter_ () & _ aexit_ () HAEE A9
gt o 2 async with Bo|A Hol& 374 Alo3t= AA. PEP 4922 T = JdFUth

asynchronous generator (8] % 7] A& o€]) v]5 7] Aly ol E o]EldolE & E8F= ?:L-r async def
A= IAFHFFAYH Hol=tl,async for FEIIAEST &= dHY HFES TtEEyield
Fd4E 26l Ijrh Aol vty th

HE W57 AU ol §48 A2l 7| AT, o Eulo] A w5 7] Al el ol E olEjal o) 8 & 7elx]
Utk ol £ o o vl 7l WEeiA e A9, BAT 8015 AN BEFS QY Th

B]Z 7] AlF g o]y &4+ await EAAT} asyne for 3} asyne with & 288 4 54}
asynchronous generator iterator (¥]% 7] A& o] €] o]g]|o]¥]) u|5 7] Al d ol 7] vt== A A,

H]5 7] olElg[o] B QY] __anext_ () & % P“ﬁ ojdlelBE AAE EHF L, ol A2 = yield

o %

£ 4] 7hA] v E 7] Al e ole &9 vt & AT
Ztyielde AR R A& Sk, 2 AAY (N WLEF 7] 5 uy-FES ZT5}E)
A3 A E 7)) vE 7] Al ol olE @ olEl 7} anext () /FE#F = d1e o9
O HER AN W, W 2o 7 B3t PEP 4928} PEP 5258 H A Q.

asynchronous iterable (8] % 7] o]6]2] &) async for EolA AFEE = = AA. _ aiter_ () HIAEE
v 5 7] olH @l ol & B8 oF Ttk PEP 492 2 = Y= dFUth

asynchronous iterator (8]%-7] O]Ei dole]) __aiter. () & __anext_ () HIAEZE A= AA.
__anext__ = oldolHE AAE & FH ok @HV/]— async for+ StopAsyncIteration of 9] 7}
g iy cq17]}z] H] 5 7] ©] Fﬂ g o] Fﬂ/] __anext__ () MINEZI EHF = o€ EZ FUth PEP

4922 =45 s th

attribute (M EZ|HE) HEH A4S ALt
YRE as 7MY, 0.0 H F2H UTh

awaitable (o] o] E]E) await T A AL 4 9= AA. FFE ot} await_ () WA EE 7}A
AR 72 4 U Th PEP 4922 H A 2.

BDFL A}H] -2 £ A1 = 2] A} (Benevolent Dictator For Life), = Guido van Rossum, 3} 0] % 2] ZFA] =}

binary ile (sho]112) 3}9D) o] = A7 A3 £ 3 & 5 e 5} A wol e A9 ol 2 o
U] RE ("rb', 'wbh' Ex 'rbt+') 2 9H 3}Y, sys.stdin.buffer, sys.stdout .buffer, io.
BytesIO 2l gzip.GzipFile & A2HAE & 4 Q5
str AAE A & U= 3L AA of tfsiA

bytes-like object (B} o] E D5 ZAA)]) bufferobjects & A P31 C-A < tﬂ.ﬁi% AAZTE T4 9)
2% memoryview 7—’,‘ AEL EEo]a bytes, bytearray, array.arra =
NELR AREL vhol T2 HolHE GhRL o) /14 ANE] 8D % U]
Az A 2 AL B0 A% 2L Aol AU

olgor FxHE AN} AT 7. AE 5o, AA 07} olE

=
AN
E)
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| A vtold g HlolHZF 7 A D 7 s Uth ol Aol ABAE FF “Ya-27) \t

O|EGHF AA S RETYLE ZPA HH AR J2E= bytearray Q]-bytearray./] memoryview

7 AsUTH thE A2 vtoly gl ol H 7 B AR (“8l7] A& vl EG R/ AA”) ol AFHES
LF3YY; ol A& dZEbytes bytes AA 2] memoryview 7} 01—1/]1’/}

bytecode (H}0]E T =) Tlo]H & FEF Hlo|E I EZ 55 =1, CPython 1 E] Z 2] ¥ of| A] 3}o] K

z2 3P YR YU ¥lo]E FE& .pyc F Lo JHA Hof, 2 oS F AR AP of

o whal 2] A S U T (A2 A BlolE TEZ o AAFFAL 9T 4 YLy Th. o] “=7F ddo]” = 7t

Hlo| E F T o tf $3l= 7| A S A3 st 714 7] A ol A A E o DUt HlolE FE= A2 T E

vlo] A 7} 71 Al A 2 2o 2 7SR T, sho] A ul Z Zhol] Qb A o] A & ekt A o] F2] ) oF
S

HlolE I & HHo]5o EE2dsEEAY

callback (%)) 2z2 ALH = 3

N

A
cdass (F2l2) AHEAF Ao AA S HE7] AT 9. %Eﬂé Foe e 2l dadaEgdor
Adste A= e I
AN

class varlable (EH2HS$) =9
TAH = "

coercion (o] A) 72 o] F oz}
A4 o2 ARSI A o n
ZF A= o Yol AL (3= int, THE oa
137‘] ot oW TypeErrorE o fYth FolA Qo+, 53
Fow %%ﬁ‘roﬂTo%OF FUth o & S0, 2F 3+4.5 k= thAl float (3) +4.5.

complex number (¥ 45) 538t A4 AAH O &390, ZE A/ AFRS} SR oz dH Y
. s Aol 6P B (19 AFDE FU Ao, $E SR L7 FRAE 2
LTI AolHE Pl S 2k HARE 1L AR AR AVE Eel

o], 3+1j. math 282 E4 4 Ao HQ3HH, cmathE AR U B4 49

554 F15 Uk B8 stk w4 Reehe, A9 B3] FANE Fauch

context manager (ZE 2~ E #e|2}) __enter_ () & _exit_ () WA EE ZAATOEZN with FollA &
o= S ZM 3l Az, PEP 3430 2 T 5 5 UTh
YAE W) AYXEo npeh b gha 7H 5 9

?A rdlE-2d AFL9}HS

A A e AUAEA UL 5 Gon] AGAE W] % 5k FA4 w57 o2l A
‘?’i-?% 2 A= AJLU T contextvars S IR L.
contiguous (<) W ¥ &= A &3] C-A <5 (C-contiguous) ©) Ay EE 2 AL (Fortran contiguous) 4 W] Aok

AAR-YT JA-4d ‘31:‘41%(3 oﬂ“‘o]t‘“ﬂ ZEZALEYYTH dAD v GoA, FEE2 A2 A3}
a7, 00| A Al &l @5 Ak Qa0 AT E w2 g o vl X] =] o] of Tt} thld C-A % ul Fof A,
W2 249 AHEHE FEE5S W@ o upA| e E A 7E 74wk e] ¥ g o) SFA] gk, 4‘5%?‘15—?
W dol A, A WA A7) 71 wke] H gy T

coroutine (ZF¥l) FFEH L2 AHHZEH ¢ duistd Fefd Ut A

A g2 Ut 2
async def 202 73 4 J5UTH PEP492E H A Q.
)

ruin rd

coroutine function (ZF£€ 34) FZ2EH AN E EHF =4, T2EH T4 Easyne def FOo7 HoEH 4
Q3, await E}async forQtasync with Z|¥ =& Z3s 4= A E5 UL o] AE-2 PEP 492 of 9 5
= 9% 9l .

CPython }o|H Z2 10 o, python.orgoll A} W =g Yt} o] F+3 & Jython o] L}

ARSES
o U
IronPython 3} Z+-& o2& Z1 &34 + 7F A& uff & “CPython” ©] /«}%9 Utk
decorator (] Z#o]E]) T2 -5 E8|F = -9, H5 Gwrapper EH S AR S Mo w A
AUtk dZ g o)e 9 &£3) o= classmethod () ¥ staticmethod () YUYt}

2
ro
ko
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s ole B vA Al BUY LYY TS F F5 A e B2 FSFh

def f (arqg):

f = staticmethod (f)

@staticmethod
def f (arqg):
22 Mol o= A A vE E 2k 2 QU Th vl Z g o] Bl of] T §F B ARA| S W82 T B 9
o} e o o AdBPAE HH FHuYth
descriptor (CJA3YE]) WA= __get_ () o] __set_ () o] __delete_ () & AY3= AA. :'EH

2O EREVIHAIYH A W, o ERHE 23] = 58T A4 ?%‘38 de %‘41’/} HE, abs 9

th 2 A, AA SH=T AFE 2 T, a2 Sl MY 2ol betal o] F 2 AAE 5T 6}11‘?}
b7t A e *ﬂ”ﬁ}—ﬂ"ﬂﬂﬂ AAEZFZEE YUY I HHE Ol*ﬂﬁ‘}— 212 vo] A of]
g3t 22 olsle] A, B, WAE, 22 e, Zeha A, 2 A S, 57 FUs F2
S 275 7I2E ol FA AV WHE YU Th

U223 HE 9 A =S ot XA 8F W& descriptors L} T] 23 B AR H S A o] Y3 U th

dictionary (r’]’q""‘—’/]) O]-’] LA 7]E A vl D (associative array). 7]+ __hash__ () <}
_eq () MINE %E%wﬂﬂ% 9l yth Hoj| A A gt 22Ut

= Z
Py
dictionary comprehension (E,‘k]L‘]E] AzZzEA) olEHEol v 84 AAU GFE A st dHE F2
gMveE H]—ﬁ]—zs]-*Z_]' 3 ¥, results = {n: n ** 2 for n in range(lo) < fkn *x
20 BB H 7] ng e AL 8] S A4 T T} comprehensions < R 3] A] S
k

dictionaryview(‘ﬂk]b]ﬂ H) dict.keys (), dict.values (), dict.items () HIAE7} B8 F = A X
=< 94ve | 3}1—‘?—3145}. oA=L YA FE= Hist %Z‘i‘ﬂ FE AFste=d, 94
Qel7b @78 o, §7) o Wahe B atis EQUTh GAYE 8 208 AER wRy
list (dictview) & AFR-SFHA H Ul dict-views S E AL

docstring (5 2E¥]) 2=, ?J% EgoA A WA @A or ee wAE B EE. 29 EVHAYE
&= FAE A Aapd ol o) A Hol Ee Fef s, ¥4, REY  doc OEIRER 4Y

FUth dEEAH AL 5ol A8 4 Jong, A ABAE AT THAA FodYTh

duck-typing (=] epo] ) £HHE IEI8 o128 75l TR A0 g wA @ 22 ae
;T A, T WA = HEN B2 A ASHUTH S e A d Mol 1 ¢ o A2 Aot
Eﬂ,l Zegth”) 53 ]Oﬂ AE o] ~E ﬂZﬂoi’Vﬂ ZAAE Z=E+= TP F QA X

A AUt 9 EFo] -2 type ( O]Urlsmstance () = AH&3 A
2 S guich (BAT, © ol o] 4 o]~ o) w 89 4 98] fola ok gl ch) Ao,
hasattr () AAFVEAFP 22 189S £ th

EAFP 3] 2tH t}= 8 A& 3}7] 7} 4 o} (Basier to ask for forgiveness than permission). ©] £3] & 4= 9l+= 1}o]
W EAY 2L, SuE 7|U o EYREY EAE 7ML, 1 7HF o]l EW o9 & .
23t w2 AEhY 2 W try Sl except Y EAEZ EZX A YL o] HIZ Y2 Ce} 22 oh 2
W2 Aojo| A A AFE-E] = LBYL 2R 3} o vl g Y T}

expression (X3 2]) oJH Fro= A 5 Q)
OEFHE AN OMH}ﬂAE z
Qojsh Bz A, RE do] THEE|
Qi £ 5ol gt B w2 £ ol Hal Aol of

extension module (3% 2&) C U C++ =2 ZAH EE 4|, alo]# 9]
o AT AgF

f-string (f-£Atg) '£' U 'F & ol 29 FAE HHEES &8 “f-EAE ol REsd, 2 A E
ZEHE o EdUdYrTh PEP 498 2 H A Q.
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=
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file object (¥} A A]) a5 2ol o3l 3+ leé APl(read () Ywrite() T2 HAEE)E =HUE
AA. TR o me}, 3ty 7“11% Al “4’\3-”-4 JJro] 011/}‘4— A2¢ ZAY FA ZA (A
o, 2 Y49, d-HREg W, &7, sto]Z, T St ANAE FTAT 5 JdF ULk 3t A
= 9 AF AA (file-like objects) L} éEE]D (streams) olgt1x &7t}
AAZE A F7Y 5t A= 0] % HE} G (raw) vlo] 1 2] 314, ¥ 7] = (buffered) vfo] 1] 2] 3+, €]
AE 3hY. O]t-/] AEFH )2 io BEAA FogUth 3 AAE Tte+= A 2 B2 open ()
FFE 2 AYYTH

file-like object (¥} Y -F AA]) st 2 A o] v]s=3k o

finder (3}¢Q1lt]) YT EH RES 3 2 & 2o d 1 A =35+= AA.
vto] M 33. o] 2, F F 7Y 3B 7F 5 UtTh sys.meta_path & T AHE St w B A & ThQlH
¢} sys.path_hooks I A AME-3t= 4= dEg] 3 H.
o 2kA| 3 U2 PEP 302, PEP 420, PEP 451 of] V& t}.

floor division (4~ W24 7H 77k B4 E Wi dhe £34 YAl A5 vxA A // o dE
o, 28411 // 49 F227FHAY ;/%'l‘{l\‘]’]'?\“}‘“o 2.75% Eﬂ Utk (-11) // 47F-2.75
E WH st-30] Holl FolafoF Futh PEP 2382 HA 8.

function () TE7toA o 2 T €Y 4=, LAY L o] A 7 AEE 5 =,
vht] o] Aol A2 4 QlG U Th w7 ¥ 5 9} v A = 9} function A AT B A L.

function annotation (g~ o] E| o] A) 34 v 7 H 4} ¥k %k-o/] o] - o] A

&

B ol de dunon g Ie 2 HEUE: dE S0l o B8RS ine AHE BolE
d o2 71 oL, Al int W e & —E71"41914EP:
def sum_two_numbers(a: int, b: int) -> int:

return a + b

34 o] ;B o] A B2 function H ol A A g ch
o] 71%& AWt W ol H 0|4l 7 PEP 4845 FxSHA 2

_ 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 collection (7}9] %] 7)) B A= A ¢h= vl e S Wbt A4} sfoju e Fx Sl F A0 Fx

SEE BARY BE 5 Yt €8 A FANE B A A 2AE ST A A
ge RES ALEHA Ao At
generator (AW oTE]) )1 ¥ 016 o] 1 E] & BT P AW BEAT Kol o, AB S
S 52 for-FZ 2 AFE AU next () T4

BELyield E@AL ERATE do] BEYTE o @t
3wl s AW 5 )

RE Ao E §4E =
St et e A5 S Bl M A B E B E Gt

) AlvElelH g7k ite = A A

i}

generator iterator (AU @] o]€] o|€]g|o)
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Ztyielde AIA R A& SOt T A9 (A Hss - 2]

R preri e b AP S BB HR St

A =ah 849} o ul E U oh.
generator expression (#] 1] #] o] €] _,,_?fj}:_‘, o] ¥} Al

A3 AR b5 if o) Hol £ AU BAA AP BUth APV RV L Sen PLE AT

HEL WEAYUTH

>>> sum(i*i for i in range (10)) # sum of squares 0, 1, 4, ... 81
285
generic function (A V|8 &) 22 AXMS A2 2 P tis)] S o8 T2 FAH g4 & 1)

ol 7o) AHgHA & T 25 A el Sl of 5 AFH I,
AZF Y2z £o]%] 853} functools.singledispatch () Bl Z & o] E]} PEP 4435 H A 2.

generic type (A]U] 2 &) A rype that can be parameterized; typically a container class such as 1ist or dict. Used
for type hints and annotations.

For more details, see generic alias types, PEP 483, PEP 484, PEP 585, and the t yping module.
GIL 7o olE]=ZelE 2 & HA Q.

global interpreter lock (9 Qle]Zgg] &) 3l Ao 2 & s} Ad =7} ufo]H vfol E
8274317 9150 CPyhon VE| 2] E 7} A8 3 MAUF. (dict 9 2L 2B UATEL £
AA mdo] FAH o7 FA AAH 20 thsf] - T w5 0] A CPython 7+ =

=

e zele] AAE F1E AL AH ele S R =akay] A7) Bes A, ThE 22 AN 714
AAESE FDAY Be RES H AT,

AU ol 4y LEEL TENAYI LT, GRS L AL YA AUL ST
= GILS Rt 5 AA S A5 U th =3 /0 %%Uﬂ% GIL& Wby

(XN o nANFA 29 dogE Far) “Aad =0 ]—-.Qri—v—(free threaded)” A B Z 2|6 & W& A}
She B2 oo A Aol BHed, Eak vl AN 492 4% As7L A5 e o
o] 45 ol E FHotE A2 7S 4 ERSH el A ‘ITX] Hj-go] B SojZ Ao g o AX AL

hash-based pyc (3] A] 7]Qtpyc) 23S A7) Yol ST o2 5L HF A Al Zbo] ofd Al & AHE
3= nlolE F = ) A] 35}, pyc-invalidation & FFZ 3HA] 8.
hashable (3] 2] 7}5) AA| 7} 448 1 szI tﬂsm e AIRES ZEAL (_hash__ () WA =7 23T,
o 7“1]%‘3]51%—’:\—?10“1( W=7 2 e, Al 7Hsetthal ok 1
== A 7hs e AA S A7 ‘o 7L°}°]EU“/]D}
A 7B AAE 9 E Y ZIu J T AW E A E £ QA sk, o] AF R TR E RA
O 2 A FES AHE-BHY] Wi F U T
&2 o) 2 WA A =2 A 7HsEUh (BI2EY H
aFA 55Ut (20l frozenset 22) & AHOUS2 159 845
}‘“3“41’/} AHSAE Y Sl A" A 7—‘1?1]%%
3talyE) EF thE 0 v a s a1, sfA g2 1d () = FE
IDLE s}o ]43‘_% A3t 5% 71 27 (Integrated Development Environment). IDLE-2 T}o] 4 9] 3 & )] 3 3o
W}E}-‘?—% 7128 AR 71} AH =2 H &4 J YTt
) AAFE e 2= AA B AA= AL BAE, Er%% 23 ol AAE2 W
%A= —/F RsUTh Al F2 At A AAE whEo]oF Pyt WetA] ok s Al gho] lojof =
Al

Mel 22 7hd AR oS L
1 31 A 7152wl v 3 A
Yk (7] AL A9)

N,
ofr
=

S >
N
)
off
EQL' [

RN 23 4T FUh NS Sof, gAY 7.
import path (= F2) 4= 7|9 51916 7} QRE @ BES 7] 98} AAE AT (EE 4= s
¢) o 55, JEE St 5k o FAE] BEL BE oys.path =R E FUTH AW AR 3] A ]

= ys
A9 BT AN _pach _oEeRERNE & FE duuch
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importing (Y £¥)) 3 52| sto|@ ZETFthE BEQ) shold ZEA AHRE 5 =S st E Ak

importer (Y £ ¥]) RES 275 &1 2T 37| 5 d= AA; TA o el o) 2 = AR YUt}

interactive (313) stol {2 thaly AE =z B & 2Ha e, Bz ZF2EoA E4 7 2 d 4
YET S A, 52 D A3 2 5 s FY e AR 9] 94 pychon & AAHAL
Fel] Fol A Adst A% b 5 dsUh. Al oot ol g AAIAL R E 3} 971 A
Sojhu e oS ZFEst PR (help (x) & 712 5HA 2).

2%, o

M o%rr

interpreted(°]E-]“‘E]E]E_) HlolE T & And g9 &A uﬂ—rcﬂ] I FBo] 383X 7] = A vk, dfo] M

25+ Qloj7} obuet A Z e el Aoj Utk o] AL FAHOE AY AL ¥HEA YUK, £

Hde AH AW+ ks =YYk 2 xzae] E o A AW )= A, Az
OJOJ%E Aot dolioh g2 /e 7 715 ZEsuth ti3l e = AL

interpreter shutdown (Q1E]=Z2|e] £8) £5
Yok=tl, BE ol o2 714 2.3 ‘41-‘?—
w3, 7R =AY E 0431 H &9
AZAZ = 5y S8 A7) &

2|
mL o
rlo

ko
rin
sk
oft
(i
N

)

o r:°1'
>
o2 B
i
ofo
i
N
i G
g
w
LN
= O
S
=
o
e
1=
%0

£ AgEel o 71%?‘%1 3

)]
2%
1/]-
AE = rﬂEﬁ TEY FH AL *é%oﬂ%_main_ECOM/\i%Eﬂ SR,
14—

g N
R
M
o
Lr
v
ot
<
2

10),\134¢ tﬂc ,dict ZE‘
BH= _ getitem_ () HlA|

olH 8L for FxO AHEE 1 2]
A 5 1"‘44 1E1€i%7ﬂiﬂ7}141%‘@4iter()°ﬂ 12}
=95 Ych 1°lEiEﬂ°lEi FE TS W Az
HEZiter() € ZE3tAY, olEE oH AAE
& A A X}EOEﬂZLtﬂ,Tz%E% =0}
OlEﬁﬁﬂ olE], A| 2, AL o]H = HA 2

iterator (o]E]#|o]E]) Hlo|EH Y ~2EHS T3 = AR olEHE)H Y __next_ () HIAEEIEH =R
TE5Y (== LH;G— S next () B2 AEsiH) 2EFo] Q= dEES x]_E:“EHE 8 &Ytk g o]
&e] dlol el 7} ¢l Eﬂ% o4l stopIteration Oﬂﬂe °‘£7‘HD}. o] ARl A, o] E &l ol ¥ AA=

AXE 1, 0T BE_ next_ () HIAE TE& Stoplteration 99 E tiA] 4o 7] 7] gk gt}
o]l & o] B} &= ©] E] Eﬂ o] A A4S EH = _iter_() HAEE 71 Zlo] 875 7] ufZel, o]

Eelo]B £ olHE EC]7IE St & oY EES WotsolE FE2 ol AHgE 5 st

T2 oled= o] W] ol ol de AlEste ZEYUT. (List 22) AHolY AA = iter ()
Rk ﬁ%ﬁ}ﬂurfor Fazof ARG uj ittt Af ol H | o] Bl & WUtk ol | ZS ol B 2l o] B o] thsf
A skl sk, A ol H o] d el AFEE ol m] 2318 olHH CIHE EHFHA, ¥ AH WA H
HolA syt

typeiter o] T Z}AI S W8] 54

kd

key function (7] ) 7] &4 == =9 o] M (collation) T+= A H (sorting) o]} HH 4 (o rdering) ol AL E =
#Fe s FHEYYULE A& 59, locale.strxfrm() S EAL S A== AL 7| &
TE = o AR E U T

o] WY g 7 2 A S o] oBA A Ao A AL Fol =R E Aol st fE 7] TE welE T
o] ZlEo+=min (), max (), sorted(), list.sort (), heapg.merge (), heapg.nsmallest (),
heapg.nlargest (), itertools.groupby () °] AFY T}

7| g4 e s dle o2 o] stk o Bol, str.lower () MAZE Alola PR gl
GEE AU BEE BT 5 NG BAAO R o] B4 lanbda EAA 0L BE SE 9L
o, o] & A dYth lambda r: (r[0], r[2]). =3 operator &2 Al 71| 7] &5 A4 A5
A&yt attrgetter (), itemgetter (), methodcaller (). 7] &4+&E U&= /\}%5}% H
) 3t o]l  Sorting HOW TO £ X A 2.

=21
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keyword argument (7] 9] & Q1z}) <X} & B A Q.
lambda (Feh &2 ] gol FalA = el £o4 2w FAT o F Gt vkl B4 dy gE BE
= EWHL lambda [parameters]: expression YUYt}

LBYL % 7] Aol B2} (Look before you leap). ©] T 2ElL L S &0y 23] & 517] Aol HA|H o2 ALA
== 7\:1/‘]'@‘4‘:]'- o] AEFY 2 EAFP @EL@J/}EHH]QT—, G ifF A2 SRR P Y]
= =

:L

)
1o
i

27 7ol A, LBYL JH -2 “B 779 <5 7]” Zholl A 2L WHEA 2 Ao AFUTh
=9, _]_E_ if key in mapping: return mappinglkey] & AA} 3o, A 23] A,
S 7} key & mapping | A A A S A 5 YLl o @ ol 4 ol v} BAFP 422
Fagro =4 528 4+ gk
list (B]2E) WA alo] Al A2, T o] Foll = E75taL, Aol th ek AA27E0() o] 7] w2, 92 gl 2B
(linked list) 2 Th= T/PE Aol vl g} FAF U T
list comprehension (2] AE A=z 2|3 A) A ALY QA AR =gy
Z‘—71-75'<5]—t”“§ result = ['{:4#04x}'.format (x) for x in range(256) if x % ==
0614 255 Aolo] Sl A0 1645 (Ox.) & L FAAS] P AES BB if
z* 3 A2 5 Qs Utk A=Fel Y, range (256) °fl Jle BEE 247 A2lgth

7
loader (2¢]) EES 22X 5= A A, load_module () ©] B}% o] £ 9] w| A]
2 A} o] o] 2

> 08 0 [N
mmmw

AHE AL 1 ANE D LER EY

=2 golsol guich 2t B
E gloly 7 E3 E Utk A4 3 U8 PEP 302 5, T o]~ F8 2~ = importlib.abe.Loader
£ HA 8.

magic method (W] 2] WA &) S w4 = o] vlF4] A <l w523

mapping (W33) ¥2] 9] 7] 23] 5 A Y5}l Mapping o] U MutableMapping 744 o2 e of 217 A
HAEES LHSE Aoy AAl. JEE dict, collections.defaultdict, collections.
OrderedDict, collections.Counter & & & U5t

meta path finder (W€} 2 5}¢lt]) sys.meta_path & AMo] Z8FE= vl . Het F & golgE= 4=
A=) shele) o els] of 971 A hgh
et A2 37 £ S WA =S tha|lA] = importlib.abc.MetaPathFinder & X §
Yth

metaclass (e} Fel) S Sefa. e Fo= SHs o) F, A 9V, Hlojx SR 259
552 UEUth WE Zd2E o Al AAE Wobd Y2 E BEE AAS FYh thEE] AA)
AFY 223 Aol 7R FELE AT FULE shol WS S W= A2 ALE HEFSY
25 s Yok Ad Utk 2R ARg A A o]l =77 A da A, 2a 72 o, v et
Sdlae AEetal fotgt S AFIUTE AEEFE QA2 27 (logging), 28 = AFHA 9
F7h AR BG4, e TN L oE Il A RS YT

o
method (WA =) F 2 vt Stoll A A= = 4. L E
HAEE A HA QAL (HE self gt BT 22 JAA"HA A E HFUTE &+ & 53 252

method resolution order (W] A= A A £4]) /“]E
259 =AY YTE 23 2R E vlolH QE
2.3 Method Resolution OrderS H 3 F Ut}

module (2-§) Jo|# F =9 223} A9 & ot AA. RES A9 gto|H AA =& e o5 o1&
ZrEUth BRES Jxd AApo 3 stojxor 2= Ut
71 A &= HA Q.

module spec (R E 2%) ZEL 230 AHLHE dZE
importlib.machinery.ModuleSpec 9 01/\€/\.

MRO "A= 27 =4 & HAL

r

4 4RSS 1 gt olF ¥7.
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mutable (Z7}H) 718 A A
named tuple (U] /= 7&F) “named tuple(H] &} = F&)” o] 2t §ol= FEoA F&HdtaL ol F 22 ol E
EE ARG JE A T 5 e 40 AN T 5 e BE Folu 2o A&F Ut Folvt
Zead e A5 E U8 4 dEUTh
time.localtime () ¥} os.stat () 7} WtESE ZhS £3510o], o8] YA F ol Y Id= F=d Yt} =
T} 2 o= sys.float_info YUYt}

rlr
=l
o
&
ok
4
30,
N
rEl
'_l

[oR
rlr
ne
o2
ok
X
Jo
N
i)
<
v
Mz
2
b
i
=,
ko

>>> sys.float_info[1l] # indexed access
1024

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

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

True

R UJE FE2UHZZ S o) JUTh E+, tupledA] A&t o5 £ BEE BY e
it S HgR VdE FES UE 7 AFUTh ol S A A AU HEE T
collections.namedtuple () & 75 F JF5UTh 29 7[HE A A WZ UIE &7
ZoA = 22 7 e 2 7HA FIH A =S ke = T

namespace (0] &7H) HS7E AL = 4. o5 32 YR FAF UL Ao SHE ol F &3
(HAE o A) Bk ot et A Y, Y, WA o] 5 T3] Ad5UTE o5 342 o5 T2 WAHA
TEAS AYTULE 9 & 9], & builtins.open ¥ os.open () & 252 o|F &7t o3
FEEYUTH 3L o] F T2 ol BEo| 45 FHS=AE B wHEoAA TS T 7
HEAdo =5 FUHh o€ 9], random. seed () & itertools.islice () Bfal 2W 1 3=
< °| 27 random ¥ it s Zgol oo +dH Aol H&aiF Ut

namespace package (] & -Z 7t 7] 7] A] 2 A B
7 A= S AL AATE e 5 AL, 58] __init .py 3ol fleng A4t 97 4] &=
gk
HE E HAS.

nested scope (3 J € 232) 2| oA 4S5 Fxoh= 5.
Far 2 el i WAES #2 T 4 daUth $HE AnEe
B, Y2 HA =tk 2ol Y8 oF itk A
WA R, Ao A EE A
s etgh ot

new-style class (7 2ElY F#l2) AF2 BE Fela AA ) ALH T A& Fda
2. 279 oA WAME, 27 KA Fehaw  slots , O
__getattribute_ (), FHH2 WAL, 2B g vA =9} -2 Tho] o A F L

5 da5Uh

package (| 7] 2]) A E 25 7 =
7] A= _path_ AEZFEZ} = ol REAYTh
At W71 A & ol F T IHNA =
parameter (Wi 7f ¥ 5*) T (B HA =
gote o5 & AEEH. A S/ w7k 7 A5t
o 9 X-71 9 = (positional-or-keyword): ) %] 912} U 7] 9] = 012} & AE 4= 9l o112 2 A g )
ol Zlo] 7|1 & FEj o w7 AUt} oA E S0l th=oll Al foo £} bar:

def func (foo, bar=None) :
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o Y X-AL (positional-only): YA E9 A2 .
Cige 0-44 WARS FFol / BAE 2@ T FA AT 5 AsUth &
posonlyl T} posonly2:

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

o 1N E-AE (keyword-only): 7|1 EE2 W A2 5= = AAE AZ T 7|9 =-A-8 w7 vl
—‘C—“?:V‘ Aol o] w7 A H S ol A ol FFLte] ZPA- X wi /AU x & U2 25 A o
T AF UL oAl E S, th ol Al kw_onlyl £} kw_only2:

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

o 7}A-9 X (var-positional): (CF2 o] 7| H =50l &3l A] o] u] RholE o] X 9] 2] A==l Bl 38l) Al&2
4 e A AAEY 4 AB2E AFFYULE o)A v gE W HS o] Fof x & <ol
A AgE £ AdF5Uth A& £ thaoll A args:

def func(*args, **kwargs):

. 7}?‘;—71%5 (var-keyword): (th2 w7 A S0l Al o]u] WolE o] X 7| = AA-F ol B 3f)
AT e 49 Mg 719 E AAES AT ol Wil w7 b o] Foll x+ &
ool 2 01"1 7§4Q T AFUThH A E = A9 oA kwargs.

WARSE AEE AAES A A BEB Y oh e A =oAL} B4 AAES AT 5 YUk

1A} o] F] &, AL} u /M =2] Z}oof L} 2= FAQ A&, inspect.Parameter & 8|2, function
2, PEP 362% R A Q.

path entry (A2 A=) 42 /|7 sholt] 7h JEE T BEES 27 A9 Fuste J== 2 49 s

o2

o] s,
path entry finder (F 2 = al #}QlE]) sys.path_hooks ol Ql& FEE (5, 4= dED F) o] EHF+=
shele] Qdl, Foln A2 dEr] 2 BES RS 41 dF U

= X
Az e solfgEo] £HEE=HAEEL importlib.abc.PathEntryFinder o v 4t}

path entry hook (F 2 Q& E]—?,—) sys.path_hook B|2Eof Q= Fej &, 54 4= AEZ AN ZES
=g ady iy A= dlEg 3ty & 28 EFYTh
path based finder (3 2 7|9 5}Q1T]) 712 v e} A% 3}AHE F s, drE = o RES 25

.

path-like object (3 27 ZAA) 3L A" A2 Yetle AA. A2F AA<= J28 Yol str 4
bytes AA| o] A} os.Pathlike T2 EZ S F3 3= AA YUt} os.PathLike ZE2EZ S XY
3l AA| = os. fspath() T2 TE3 A str U bytes S A28 Az g H3tdE 4 21 Uk
4] os.fsdecode () £} os.fsencode () £ Z+Zt str Y bytes 235 B3 3l=T| /\} 255
Ut} PEP 5192 =<5 95U Th

PEP 3}o]4d 7§/d A <. PEP= 3to] & AfFUE o] AHE AF st A} sfojd £
e 2R 7se A stes AA £4d Ut PEP= Al b4 7)ol th 2k 2b
A g3l oF gy ot

PEPE #8 Al2¢ 7152 Adetm Ealo] da ARUE 82 2500 stolme] Soj7t 44 2
e AR BET] 98 718 W AYS YT PEP AR E ARUE YA §el & T2et T uio)
BEe U,

portion (E41) PEP 420 o 4 421 AR d, o] & B2 3717)of ol uhA s shpel ezl Solsle
A5 13 (zip FYol AFE = A% AU,

positional argument ($] 2] 21z} <12 & HA &
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provisional API (ZFQ API) A API= & gho]l BB g A 53
o} AEF o] 2 0] F BT} o AE A= b A v, 7 A o] E‘ril
AZFOHE 747 3B o] fAE A g Mol Dold & Ayt
Qoj A& 9 e AU APLE 2 5H57] Aol ¥ 2 %o o7 o

ol AU},

B AP 2 AL, 1A S84 o] A5 A g WAL “H T £ oz AL YT- RE 48
Sol el A SHYL fAFE A S Roelt mE AR ARF
S| =i

b ®2E golBy g7t A A F ok 2
SUth o A3 Y &S PEP 4112 A H Ut}

provisional package (23 #]7]x]) FA API S EHA L.

Python 3000 (51017 3000) Sho] 2 3.x Wl 2 e}l o] 2w (1 39 ¥l £ 7} @ vl 2j o] o] of 7] Wl Al Ao BHE 03]
o] o]t} o] AL “Py3k” & o] 27 % 7

Pythonic (s}o] A1th-8) ThE ol ol Ak el AP ES
7174 A% AR E = o0 A5 L 7ol B ofolT)

Mo e
oL

2

)
i

v
omn Sog

>
o
:(n)l'_',
>,
ky
[
s
4
e

F T4, sho] 4 9lo] el A

Ui 27t og £, JJrOWoﬂ/H A 2
ot} YL for BG AR A oE B EY RE 247 25 AYUth o2 Be oaoM]L ol &
TR FAE floen g, stol o 9)%5kA] ke AFELS thAalol AL A EE AMEEH = Pt

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

o 289, Fol Ak e oI5k

for piece in food:
print (piece)

qualified name (7318 o] &) REY AG A7 =X RE AYHA ZH A, T, wA T o2 «AHg”
£ HojFE o g &4 o] 5. PEP 3155 o| A Ao g Yt &4 ?:—’Fﬁ} o0 Hgoll, A2
ol Al ol B 25Tk

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

>>> C.__ _qualname
YC’

>>> C.D.__qualname_
'C.D'

>>> C.D.meth. gualname
'C.D.meth'’

B2EE 7t 7= AHE , AAS] AF3H o) E (fully qualified name) 2 & H 12 3] 7] X &
A RER 7 ﬁii 2= 01%—%5411]?;\41:} o & 50}, email .mime.text:

o
f
%

>>> import email.mime.text
>>> email.mime.text._ name_
'email.mime.text'

reference count (X 314) AR o 3k 2o M. AA Y A= 3471007 oA W, v 22| 7} v
SEREEN P tomwoz%ﬂmwcﬂhzﬂﬂt%ﬂwcamm%ﬁqﬂﬁﬁi%qw

sys BEX 54 AA9 Fx A+ 585 £ getrefcount () & Z P ch
regular package (J+F #7|#]) __init_ .py 3L 8= QE“EiﬂlQ} 22 AFHA 7 A.
ol FH7A = BA L.
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_slots__ FEA YR A, JA2E A EYRESES A TS vg At d2dA g e E
AAToZHN W R E Asle EFE FUTE 7] 7= AR o] Hla Y2 St A AFS-3H7] 7
Z 728 Ho|gA, W2 o Hl1Ad 28 22 T oA WE F AAHAT Y= EEHI HLE
st sk Aol E5UTH

sequence (A]F2) _ _getitem () SF HINEE T3 A5 AHAE ASSMIE 84 AMNAE 2 P35,
A2 dolg 58 F+__len. () WANEEAYS=olHYE R WZFAEAES YEH 2,
list, str, tuple, bytes 7} Y5 Y Th dict =3k _ getitem_ () F__len_ () € A YAl

t = <
zZ3)o A gAl delo] B 715 AR 7] u Rl Alg Aol et miF oz HFH k= Ao Fo
SHok 8] .
collections.abc.Sequence FAF Hlo]A F#lAaE_ getitem () I len () S golA
A ZB3 e H o] A~E AHosE=]|, count (), index (), _ _contains_ (), _ reversed_ ()
F7HgUth o] &34 AEH o] AE FHS F S register () € AMSA BAH R SET 5 9
S

set comprehension (3 A=A A) oJEHHE = 84 DAY LFEE At 235 G2 %
#et= 438, results = {c for c in 'abracadabra' if c not in 'abc'
Qe AT (7, 'a'}E AP TIh comprehensions & FEAIA S

single dispatch (A2 t]239]x]) & o] 3u}e] AL Fof 7|23 ZAHE = Alvl g g tagx9] o
FE.

slice (E8}o]2) HE A|A2 o QHE 23t A4 Setolas ABE AT HE H7]H S AHS8A wsY
th. variable_name[1:3:5] A&, [] ¢ollA] o2 e AE S22 LUtk &S (M B
ATYHE) BV|HS YR H O Z slice AAE AT

special method (5 WA E) 3lo]w o] o o AXS, HA 22, AdTu] ZAHOZ TEF = HAE.
olF HAEE F Y UER AZEIA L= ==
TAZ BEAA JdHFYTh

statement (=) TF2 A E (ZE9 “E5F (block)”) & FASIE FEYUth 282 2384 oAU 719
ZEEAEEE Y VA 2 E FY g Yt 7F if, while, for.

text encoding () A E 2137 YJ) 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.

- DX
o

2 o

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” .
text file (I 2E 519) str AAE 3 & & Y= 9L A4 $F, A2E 91D 2 AA 2= vholE A3 |

NHAEYS AN AT Ak Y S AT el Gk HAE HIY o2& BAEBE (p

= 'w') 2 49 349, sys.stdin, sys.stdout, i0.StringI0 & AAEAE & 4 95T
pEESEREEERENRERE TR =3

FAE) wEE () U F20F3E () Al 7
| = = AT 3tA = FA R, of 2 7HA] o] f-of] A

HoEdR AN E 9T L 5

triple-quoted string (A% u}-& & =
xR YA A E
olaAl o]z 5 2] 9k Fr2uw) R
BT g £ 22 + 9J=d, 52EHS LU 53

H

X

AN
type () 5ol 4 A o) B TR 0] o] F
H

N
ofr

i=]
=
o

pas
a

S50 AA QA B AR BE A= o) A5 Al
B class_ OEPREER AAAT S U7 type (b)) E B F YFUTh
type alias (% o Q| ol2) §L 4B th sl WEoi A& o Folo].

il
2

Foldelolae @ AES desste dl F8US A S

82 Appendix A. 0{%!



Extending and Embedding Python, £ A| B{% 3.9.23

def remove_gray_shades (
colors: list[tuple[int, int, int]]) -> list[tuplel[int, int, int]]:

pass

o= 2ol o ¢7] 44 we & dsdth

Color = tuple[int, int, int]

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

Q
type hint (3 3 E) W, Se2 ol EZRE W g w7l

& U kg ghe] s = S A A s o mH

o] 4.
Y e A ALgo|y Fhol Mol A FAE A= SFUTh AT, B A 3 A4 =40 §-8310 IDE
A= AL YAEFE FHUT
A9 MEE Ay, A9 W, P2 oEfRE 9 49 3 I EE typing
get_type_hints () & AMg3Fe] AA AT 5= QlHUTh
o] 71%5& A% 3t typing T} PEP 4845 F R A 8

universal newlines (FFUHA & 37) O3 22 AES 2 F £2] 2o =7 A3, HAE ~2EH S J| 4
Sl S YA NS EXF A '\n', 9= B '\r\n', d A N EA] FF '\r'. F7}H
Aol #a| A= bytes.splitlines () 2k o}l 2} PEP 278 9} PEP 3116 & H A 2.

variable annotation (14~ o] = g|o]|A) W4 = HE o] o] - H|o] A,

Ir
oy
£

[>

2

fut

0

Mg Fo A OB HE o el AL T th & A A Tk
class C:

field: 'annotation'
W5 ol Elo]He AwH o @ FER ASHYTh A o, o] W4t int g /M Ao® A
gk
count: int = 0

H o] mH o] £ -2 A A annassign ol A A g o
o] 7l5& AW T o] .o H o] 4, PEP 484 € PEP 5262 2314 8.
N

o) AHE A} S8 mw I o], 22 A2Ho) A AW & ThE o)
§ z2aREe] S FFE 74 LoBA, shol W ME 7 A5 A AL G o] = et

=.
-
=
=3
g
=.
5
5]
=
3
o
=
-
N
N
ox
ot o
o,
<l
r‘s\-’-

venv & HA L.
virtual machine (7} 7] 74)) 2z Egojwto g A ojH HFE. sto|p o] 714 7| A= violE = AL # 7}
g3l nlolE =8 AP

Ptk o] 222 oj3ky ZEZEA “inport this” & LW BV

B I T
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APPENDIX B

O] dHAMo]| 25}04

o] A A= reStructuredText 22 A TE R Z1 o2, gto] AHYAE 93] 53] A ZH A A7

Sphinx & A& g5 U th

ArgA et ol & AT EA QA NE2 Fhol ApA &} npI A 2 A 07 A F AR = Ut 7] of st
ATk, ZHol ol 3k A reporting-bugs 3| 0] 2| & FALSFAA 2. M 22 AHAE /\}XP% AAG g7t
YH

e RS B 7AE S YUk
o Fred L. Drake, Jr., Y2} 3to] ¥ AW A T Jgo| Zdzto| 2 B2 Zdl=9] 27}
« reStructuredText 2} Docutils 22¢] EE HFE = Docutils Z2 A E,

 Fredrik Lundh for his Alternative Python Reference project from which Sphinx got many good ideas.

2] 9 gtold Al 71 FUth 7oAk REA A

shol#o] o g WA AWAE 27 B AL Fold AFUE Y A7} 7)of whE Tk - ZHAF T
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appeNDIX G

AALRL 2fO] Ml A

C.1 AZEQ|0{2| A}

o] 2 ABCzl= dojo] T A A2 A v d #X 9] Stichting Mathematisch Centrum (CWI, https://www.cwi.nl/
%) 2] Guido van Rossum ]| 2] 3l 1990 dth Zubol] TS o] H5Uth spojols thE AHEE2] W2 33
235 A 9, Guido= 3ho| W o] £ 8 AR Fof JlF U T
1995 d, Guido+ Virginia 2] Reston ]| ¢} Corporation for National Research Initiatives(CNRI, https://www.cnri.
reston.va.us/ ) o A Iho] AW B PG ALY, o] RollA o WA AZE A E SAAF YT
20004 5 %ﬂ, Guido 2} -‘ﬂ-ol é‘ﬂ o A 7] 9HEl 2 BeOpen.com 2. 2 & 7 4] BeOpen PythonLabs €12 A A5 Ut &
2 3} 104, PythonLabs ¥ -2 Digital Creations(& A Zope Corporation; https://www.zope.org/ ZZ) 2 =754t}
2001 4, ,ﬂro] HAZE %’rﬂ 01 A (PSF, https://www.python.org/psf/ Z2) o] A Y= A5 Yt o] &A= slol#
FHA A QA E 4273 E 5E3] A HE vl g 22 Y Yth Zope Corporation2 PSFe] &9 3] 4 9yt

2 E slo] W vz ) ’\/\‘?J‘/]D]'(J”H 4o~ Aol o] ths) A= https://opensource.org/Z

=}
h=4
©). Ao 7, UEE (A 9 ARE obdUTh Fho] A Wl £ ¥-S GPLF T 3HF T o2l o & Tha
W E L 8 ok AU ok
TR, o E 3T T & AS Kt GPL &7
09.0~12 | n/a 1991-1995 | CWI yes
1.3~152 |12 1995-1999 | CNRI yes
1.6 1.5.2 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 2.142.0.1 | 2001 PSF yes
2.1.2 2.1.1 2002 PSF yes
2.13 2.1.2 2002 PSF yes
2.2 o] A+ 2.1.1 2001-# A | PSF yes
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F3: GPLY} EFATH: 2L 927} GPLE o] 42 W Eohche 21
eho] 2 GPL3} 2e] ol e o] WAL 37} 248 BEA 9 £ 48
S8 ehol Mt sho] W3} GPL Stof REH ThE 2 mE oS AYT 5
oLt

Guido®] A= 3}of| o] Wi £ Z 7hsstAl e W2 o7 A BAAS o Al AAFEH U T

Oh

C.2 mo| Mol HMASHHLE AFESEY| 2It 0|8 of&

r

shol dol BEHE UM 4z eg o] o T2 zho] M) A
2E9 3 g Uth ol el at ehol Mo BEA T 52

C.2.1 PSF LICENSE AGREEMENT FOR PYTHON 3.9.23

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

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

3.9.23 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 3.9.23 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 3.9.23 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 3.9.23 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
3.9.23.

4. PSF is making Python 3.9.23 available to Licensee on an "AS IS" basis.
PSF MAKES NO REPRESENTATIONS OR WARRANTIES, EXPRESS OR IMPLIED. BY WAY OF
EXAMPLE, BUT NOT LIMITATION, PSF MAKES NO AND DISCLAIMS ANY REPRESENTATION.
<~>OR
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WARRANTY OF MERCHANTABILITY OR FITNESS FOR ANY PARTICULAR PURPOSE OR THAT..
—THE
USE OF PYTHON 3.9.23 WILL NOT INFRINGE ANY THIRD PARTY RIGHTS.

5. PSF SHALL NOT BE LIABLE TO LICENSEE OR ANY OTHER USERS OF PYTHON 3.9.23

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

MODIFYING, DISTRIBUTING, OR OTHERWISE USING PYTHON 3.9.23, 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 3.9.23, 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.

(THS sleTATol A1)
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This License Agreement will automatically terminate upon a material breach of
its terms and conditions.

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.

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

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.

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."

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.

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.

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

(= el ATT A
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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. 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.
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C.2.5 ZERO-CLAUSE BSD LICENSE FOR CODE IN THE PYTHON 3.9.23 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,
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.

)

3 ESEl AZESo{ol CHet 2to|dA H SQl

A
Y

B
j=7)

e

&

2ol 238 AR £ E g ool o 3 B A TA B ol 1T 9 holAlAg) 52l

OH‘_ l

Jo o
d

kd

C.3.1 24 EQIAE

_random EE-2 http://www.math.sci.hiroshima-u.ac.jp/~m-mat/MT/MT2002/emt19937ar.html o] A U] &
We BEo e LES ERPUT 0L Aeh mEe] A2 vk $7 Atk

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. 1IN NO EVENT SHALL THE COPYRIGHT OWNER OR
CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL,

(TS sl AToT A
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EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO,
PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR
PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF
LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING
NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE OF THIS
SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.

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

C.3.2 A%

socket REL2 getaddrinfo () & getnameinfo () +E A&t} o] &2 WIDE Project, http://www.
wide.ad.jp/, oA L HE 22~ I 2 FYFH o] dH5Uth

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.
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C.3.3 H|S7| &3 MH|A

asynchat ¥ asyncore BE-2 thg3 22 39 AHgS 28§ Yth

Copyright 1996 by Sam Rushing
All Rights Reserved

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

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

C.3.4 #7| &z|

http.cookies REX thg3 22 £ AHeE 283

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

Python 2.2 license.

Author: Zooko O'Whielacronx

http://zooko.com/

mailto:zooko@zooko.com

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

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

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

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

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

C.3.6 UUencode & UUdecode &4

R ES ST 2L 39 AE TRk

%

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

(= sl ATT A
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version is still 5 times faster, though.
- Arguments more compliant with Python standard

C3.7 XML EH Z2A|XN S&

xmlrpc.client BE-2 b33} 22 £ AFgS 233 T

The XML-RPC client interface is

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

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

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

SECRET LABS AB AND THE AUTHOR DISCLAIMS ALL WARRANTIES WITH REGARD
TO THIS SOFTWARE, INCLUDING ALL IMPLIED WARRANTIES OF MERCHANT-
ABILITY AND FITNESS. 1IN 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

test_epoll RES 0h 3 28 9| AL ZFFUTH

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

(THS seTATol A1)
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MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE AND

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

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

C.3.9 Select kqueue

select 252 kqueue Q1E 3] o] 2ol thal The 3} - 39 A9He EFE UL

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

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

modification, are permitted provided that the following conditions

are met:

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

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

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

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

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

C.3.10 SipHash24

3¢ Python/pyhash.c 9|+ Dan Bernstein ] SipHash24 <11 2] < 2] Marek Majkowski @] <=8 o] 3£ 3} of
Ut of 7ol bz 22 8ol Eglof ATk

<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>

(THE seTATol A1)
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Original location:
https://github.com/majek/csiphash/

Solution inspired by code from:
Samuel Neves (supercop/crypto_auth/siphash24/1ittle)
djb (supercop/crypto_auth/siphash24/little2)
Jean-Philippe Aumasson (https://131002.net/siphash/siphash24.c)

C.3.11 strtod 2} dtoa

Sk C 3F4= dtoa &} strtod £ A &3+ 3+Y Python/dtoa.c & @A) http:
/ Iwww.netlib.org/fp/ ol A 2= David M. Gay9] Z+2 o] 9] std oA FAFH A5 T 2009d 3€Y
16gof 2 A& sl o= th& 2 AZE 9 ol Al FA 7 28 E o 5tk

C double ¥} FA+E 7He] H S
[e3]

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

*

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

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

* % o

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

* % o

* % o

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

* REPRESENTATION OR WARRANTY OF ANY KIND CONCERNING THE MERCHANTABILITY

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

*

*

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

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.

(THE seTATol A1)
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Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions
are met:

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

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

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

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

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

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

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

NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES;

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

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

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

Original SSLeay License

/* Copyright (C) 1995-1998 Eric Young (eay@cryptsoft.com)

*

All rights reserved.

(THE seTATol A1)
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This package is an SSL implementation written
by Eric Young (eay@cryptsoft.com).
The implementation was written so as to conform with Netscapes SSL.

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

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

the code are not to be removed.

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

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

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

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

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

ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE
IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE
ARE DISCLAIMED. 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.

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

[including the GNU Public Licence.]
/
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C.3.13 expat

pyexpat &2 T 5 ——with-system-expat & FAFA o= 3, EHH expat 22 AHES AFR-3} o]

dEgych

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

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

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

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

C.3.14 libffi

_ctypes FF2 W EES ——with-system-1ibffi 2 FA3}A] o 3, ZFH libfli & AHRE-S AFE-31

ey

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{% 3.9.23

C.3.15 zlib

21ib B0 Al 2 E o A B H 2lib W o] L5 @ 25 o] A M=o A2 5 §low, 3 glib 4 AR

Agstel et

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

_decimal REL2 YE=E ——with-system-libmpdec & FASIA] ¢+ 3F, E 34 libmpdec A2~ AFE-S

Ahgste] =P ok

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.
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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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