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2.1.1 73t 4

spam(Z B o] WS o] 7P Fofste w4 ) ol2ke A BES WEAIYh 2ea C gholBe g o
system () o th ek sho]d QIE|s| o] 28 WS T HrhA AT, o) FE W F2 EALL A= F st
s dgduth fele o) S e Lol ol T+ JVE dFUTh

>>> import spam

>>> status = spam.system("ls —-1")

spammodule.c YL WEL Ao F A x]-—a—]_/\l/\]_l_ (AAH o2 RES spamo| 8t 314, sl T+
2E3E=C g2 Spammodule cetal Utk ZE o] 5ol spammify X H vl 2, BE o] F& 1F

spammify.cd 4 A5 Th)

shee] A g ¥ B thed 2Eyth

#define PY_SSIZE_T CLEAN
#include <Python.h>

W
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Python.hE £&3}17] Aol &4 Py _SSIZE_T_CLEAN
A oA ) W 26 E AN,

Python.h7} Ao ALg 27 & = Qe 7|3+ £F 30 51l Jod 7158 A& 3t BF py py
HFAFE ZsUth A9 A8, 182 gto| A Az g 7} 3 SHA AFE-SH7] Wi ell, "Python.h"
=27 2F9H Hds EL_@'EH/]D]— <stdio.h>, <string.h>, <errno.h> % <stdlib.h>. Z2}9]
S|t st o] Aladle] glo, g malloc (), free() D realloc() & AR AdOd_zMﬂr.

2oz BE v 718l AL to]W HH A spam.system(string) o] 718 uj &2 C 44
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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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static PyObject *SpamError;

a2a 25| 27]3 @4 (PyInit_spam ()l A ole] AA =2 2739t

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;

NULL th Al

ol 2] AAA 2] 5ho] W o] 5L spam.error Yol Fo A Al L. PyErr_NewException () &4+ (N
d Zejrg UE
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O FHA7 LG A o= 3 W o] ZEH 2~ 7} (bltin-exceptions o] A A ™ H) Exception

F U

SpamError M4 A2 THEol A o 9] Zefjro) ti e F2E W&
Uth o8 T o o) o9 7t ZEolA AlAD - ‘2171 wf £,
(dangling) = ¥ 7} 5 2] F= 5 st |, Sefsol it F2E AFT %
Aol YA CILETLFo] HuL)h b o =54 o2 48 2+ d5Yth
o] MZ o] 51 R R A PyMODINIT_FUNCE 34 wkah 3y 0 2 ALg-3l: Aol Baf A3t

t}2 3} ZFo] PyErr_SetString () & &3] 7 R EA] spam.error o2& DA ZA 4 JH5 YT

FABAA L ol AL w4
W& A A SpamError7} W& d
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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;

8 Chapter 2. A At =7 §lo] 84 THE7]
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return PyLong_FromLong (sts);

2.1.3 oA 2 Eo}7}7]

o)A B2 SO, o)Al o HBL o] 2L o]l 4 Yojok gtk

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

Q17 5 20 A of 2] 7} A% W pyArg_parseTuple () o s 4B H of 2 of o) £ AA NULL(AA] £
B & wEste &9 olg] A7) 2 vkt 28 2] oW AAFY A+ ghol A Y W4 commando|
BALE F YT o] A2 2AH ti9dolH 7t 7]+ AL S =AM A= G F U Tk (EkA £F Coll A, E
command+ const char *command® ZH}E A AAF ook g}

Ade gt

rlo
g

e B2 28U 34 system () & 390, PyArg_ParseTuple () o] &

sts = system(command) ;

219 spam.system() & sts] ghZ vhol A A & wEs) oF gt o] A2 PyLong_FromLong ()

342 AHE3o] o] Fol WL,

’return PyLong_FromLong (sts) ;

o] A%, A4 AAE vt Uth (o, e AT gpol Mo e 7 A2 AA JUTH)
83 AR5 WEESLA] 9= C T (voidE HHEhel= gk 71 Q1o W, 3| 5o A $H4= None 2 W3S oF
Uk 28 A st W o] A&7 AR F Y th (Py_RETURN_NONE " 222 & P LT}

Py_INCREF (Py_None) ;
return Py_None;

Py_NoneZ E4 v}o]3 AA| Noned C o]E U th oA Ho], R AFSof A “of 2]” & L3l =
NULL 91 E] 7} obu] 2 214 ko] A 7] L]},
21.4 2ES) WA= Ho] B3} 2713} T4

sho] M =2 36| A span_systen () o] o] WA FEH LA Ho] FATT &AL UL WA, “H A=
Blo]B7o] o] 23} 342 L} of B o)

static PyMethodDef SpamMethods[] = {

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

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

bi
Al A 35 (METH_VARARGS) ©fl o] St Al 2. o] A2 JAE|Z oA C &0l AH8E S5 432 ¢d
FE=ZgaYgych dvltd o 2 A} METH.VARARGSUYW METH_VARARGS | METH_KEYWORDSY] of gt}

2 Tl AFS S A b= PyArg_ParseTuple () W] A= o vyt

0
METH_VARARGS BF AHE- & olf, §= glo] A & w7} W57} PyArg_ParseTuple () & &3 7% w4 ol
FE&EE FEE AGE AR o8 of I th; o] Tl th gk AA g A B = of#f o] Al Yt
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71N E AAE ol Al of shd, Al MA] =0 A METH_KEYWORDS HIES AAT &+ st
%%CJ$blltﬁﬁdﬂﬂgkwmmwmumt*ﬂﬂﬁ*amﬂ-ﬂ%@ﬂﬂ—ﬂﬂ¥&¢ﬂ%
PyArg_ParseTupleAndKeywords () & AF-&35}o] QRS & EA30A 2.
WA o8 5E Fo) FRANM x5 ol of Ttk
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 ZE9] 2713} oA dHZHE AEH o] of Fy T, 27]§]' R l%%
PyInit_name () o]0} ok T, o} 7] A namee R 5] o] &oln, & stelo] JoH §A 3 1] static
% o of o Pt
PyMODINIT_FUNC
PyInit_spam(void)
{

return PyModule_Create (&spammodule) ;
}
PYMODINIT FUNC = &S PyObject *HEZP O 7 HAstl, TR ZRF S+ I HMAS AU
o, C++9] B¢ g5 extern "C"E A AT of {2 Al
vpold 22 0] A5 02 BF spame YEE & ull, PyInit_spam() ©] ZEF Ut (3] U3l o3l
A= okl A dFdUth) o= PyModule Create () & &&=, 28 A& Wh&stal 25 7 2ol A
2 H ol & (PyMethodDef 7248 M &)= 7|¥te 2 WA o AA S e e EE 44Uk
PyModule Create () & WE 28 AA o th 2AHE Wt Uth 54 o212 ¢ XA o5 =
FUEHAY, RES HEAHA 2738 4 glow NuLLS e £ Qs Ut 2713 s B E AA S
S EA A s of it 1 W sys.modulesoll A YH Y Th
gto] M-S WS ul, PyImport_Inittab H o] Eo] FEo] §lo™ PyInit_spam() ¥/t A2 5 &
97 51T, WES %715 H o] Zo] 271812 B, Py Import_AppendInittab () S AlS-8hil, AH 4o

2O RES YEXE dYth

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.

10 Chapter 2. AAA ©F ¢lo] &3 w5 7)
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If this step fails, it will be a fatal error. */
Py_Initialize();

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

PyMem_RawFree (program) ;
return 0O;

—~

B ays nodulesol ] REE AN/ 222 Aol 9 BAYE W EL oI Az E 2 A

8 (L exec ) B YA 717 $3L fork ) B 2 w) AR Y BE 2AL 34T 5 dFUh 33
UC
2=
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U5 A Al o Al Z50] Modules/xxmodule.cE Jpo] W o vz o] 3 o] lsuth o] 3pd2
| Z2lo g AR 74‘%‘3&6] A= ej= + AFUTh

Z3: spam 9 A FE] xxmodule-S thA| % 7] 3} (multi-phase lmtlaltzatlon)(-’} 144 3.
AHg-3HU o} o] 7] A = PyModuleDef T2 | 7} PyInit_spamol| A WI&E 1, R & AP JxE & ;{]-oﬂ qu
AUt oA 2 7] }of] o F 2FA| 8F W 82 PEP 4895 H X34 Al L.

215 A3EH H=

MES 32 AHg3E7] Aol ok & F 7hA Aol B AUtk Aok shol A Al Ld el Y, 4
292 AS31H, AY e A 28o] Ag et 54 29 Aetdo] uhe debd £ gtk g BES
WE sl Ao BE AHCo} Cor S U=0] T AES WEo] Do AAT ARE ool g BAH 27}

Au (Aol A €2 Crr 38 W57 HE BRI L
50 292 A8T 5 gAY, BES ol d SEZE e G740 RO T HEHW, 74 4AL WG
5}"’ Sz HE A HES o gyt & AL, o] AL FY 2o A ¢ gy %}Z%%ii
Wl Z 9] Modules/ T A E o] 3} (o] & £ 0] spammodule.c)= £ 11, Modules/Setup.local 39
e ge] AL e B ES FAAAA L

_>.:

spam spammodule.o

83 AAY U EE o)A makeE A3 te] QB = EE thA] A EFHA A 2. Modules/ A B t]dE
2o A makeE A3 % 9|1k M A ‘make Makefile’ S Al 8 5-0] MakefileS ThA] =3 of 3L ok,
(017-] o Setup .4‘%,1_% Ul-wﬁul_q_ _;E,']_Jci ‘J_]/]Tq_)

Bgo g3 F7ketolBe vt 226, o] AL 74 949 Eofl < # A5 Yt

it
il

o]:

spam spammodule.o —-1X11
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2.1.6 Cojl 4] s}o]# g4 5 &317]

A7 AN C G B S2Y - JF ot ATATIT, 1 F4 5o ol ol
P5 B2e]. o) AL 53] T P48 A Aok 2ol Hejelo) Aol 5% QI3 o] 217} 2
EA80E Sodslolde 33 w0t 220 ﬂﬂﬂﬂiﬁwﬂ ok @ Bat A5
CEWolA sto] 4 2 P45

3=
yIbol A QIE ZElH = AAZHoE 4 ol
S YYo= vholA A E TESE o UeIAE vFA] FAsUT— F Ao 9,
T oA Modules/main.cd —-c 38 & 24 LIS AT HAA L))
slo] A & S E317]= g5yt WA, 1o
ﬂ%ﬂWGI%%ﬂﬂAWLﬂiﬂﬂﬂlé%
o] o] B 7] —.?:‘l??}/\ oo} o spol A g4

¥$~ﬂ
~ o

& A ol

A ol th 3t QS # A3 Al £ (Py_INCREF ()
dof k= o FYFAHAL). dE £, th3 Tt BE F9 45 d = dH5Unh:

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;

°] g4 METH_VARARGS Z ¥ 15 A-8-3}0] QA Z g o] 5= 3] °¥ FU T o2
Bl o] &3} % 7|3} ol AW E o] 95U PyArg_ParseTuple () &2t 129
W7 W 2557 A4e] A8E ol gt

]2 2 Py_XINCREF () £} Py_XDECREF ( AN FxIA+-E WA
AT (2el1} o ool e NULLo] ool #1514 AL2), A1 2 51 ol ool e &b 511 1
BHE7F A5

Uz, d+E & ], C &4 PyObject_CallObject () & EZ3th o] &5ols T 719 A7}t
ALril,¢T Aej o sto] A o tf gk Z N E T} JJroW T AR HE. A HEL

A2k 1 FZ A o of Futh A7t gle] shol A F+E zgo}aﬂ?ﬂ_,NULLOM NEES %
St AR &S H, G FE FES DDA L. Py_ BulldValueo%E
07 o] 48] 20 FERZ FAHJAE v FE& WU ol

int arg;
PyObject *arglist;
PyObject *result;

arg = 123;
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/* Time to call the callback */

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

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

PyObject_CallObject () & o] AA EAEHE vt Uct: o] AL mlolH 49 w3 3zt
YUtk PyObject CallObject () = AAe} #&Ast] “Fx A4 FHAYUTE o] doAs
PyObject_CallObject () && A% Py_DECREF () H < A FF L2 AT A FEo] ehsolHsUth
PyObject_CallObject () & W& g2 “AHﬂ”ﬂqq— e E

A3 A d 7} 748
AA AU whekA, A ‘?*:?011 A st = Aol obd “GJ, AAH(ES) 2 ghell #4le] glHete 435

Py_DECREF () af| oF gt}

Tejuh, o] A4S 2] Aol wHek gho] NULLe] o} A S1a)of Ptk TR Th, sho] A Fpk o] 9] &
24 A7 £ 88 AU Pyobject_Callobject () 2 C TE7} shol Mol H 525 et o1 st
W T E Ao A o8] EAIE Ao, AB LB} A8 Edo] AT AM A TE o ol ZET]

o

FHN'
o

AAE AT = A=F FUth ool ErbsstA Y vt AstA] ¢ o, PyErr_Clear ) € &
e E AU A& &

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

skel 4 24 5] o3} A3k el s o] 0] whek, PyObject_Callobject () ol At B52 A3 3 of
5= YUk wo] ek QA BES 2w G2 AH 2L AF o] A8 F3 ol A 2 TA A
AZHUT 28 T B4 AR 2L P02 AGIILAS S 5 AF U THE P PolE, AA B S
CE AT N FE= AN T £ A5Yth ol ¥A dh= 7HE e Y2 Py_Buildvalue ()
25 AQUth o2 Sof, 45 o[ ME TES LS W, 0h LES AT+ JLth

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) ;

=, ol 2 X”é ol Py_DECREF (arglist) @] Wi x| ol o sF Al ! B3k & A 5FA] &t
1 ?%8 NE Fo B A 2: Py_Buildvalue () o] W22 7} £Z3F 4 gloj A &9l
719 E RS A Yok PyObject_Call () & A& 7] = A7} Q=

th 99 oo A etzo], Py_Buildvalue () & AHEst - Y& FA Y TH

SE
&4

9 19
X
j:jg ﬁﬁjx

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) ;

2.1. CY C++ 2 glo|H &3}3517| 13
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21.7 g Pl A vl WS 25

PyArg_ParseTuple () ¥4+ a3 2ol AAdH Yt

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

~

5 F 3
EAG ol o of 6?‘11,t‘%§t JJr Md/C ‘API 31141 %i “H‘n‘ & ] arg-parsing ©f] A g = o] %tk Ur‘ﬂZ] "JZ}—:
E ALl o5 Fo] AARE = W FoofoFFTh

WMQEM%NME(%#ﬂmﬂﬂﬂ°¥ﬁhﬁ”ﬂﬂﬂ&ﬂ  EEo] AYH C WS 7o) $3A
< ol b A5 2 B, A S ESAL Hol = Wmele] del MES Dol LUtk 1)

ZasaAel

SEANA AlFE = BE gto) A AA) g2 A (borrowed) F2 Aol YA L; IR A& E0]4
A Al 2

% 74 oA B E

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

int ok;

int i, 3;

long k, 1;

const char *s;
Py_ssize_t size;

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

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

ok PyArg_ParseTuple (args, "11s", &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)",

14 Chapter 2. AAA ©F ¢lo] &3 w5 7)
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&left, &top, &right, &bottom, &h, &v);
/* A rectangle and a point */
/* Possible Python call:
f(((o0, 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 3 #4293 719 = uls) W4

PyArg_ParseTupleAndKeywords () S4E oS3 Zo]l AAH Yt}

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

arg®} format ") 7 M4~ PyArg_ParseTuple

() gt LUtk kwdict W7 A
oAlA Al WA w7} Mgz faE 79 E 9 il
1

2 QU T kwlist 7] W % ) 7
©EFO2 fornars] B BUSL YA TS 4T
Hl 2} 4

ZtE 9] NULL £8 B2 Ut} o] 28 9Z4 &34,
PyArg_ParseTupleAndKeywords () & Z& ti, 282 o d 74 A& wresta A A o9 &
AR

B3 ANE GRS AST U FHE FES FREAT 5 flw UTH kvlisrol S 7R ) At

-
ral
AGE A TypeErrorE WA A A Yt}

£-2 Geoff Philbrick (philbrick@hks.com) 2] oA & 7]|WFC & 3}, 7] Y EE ALR-31= oA EE YUt

#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);

(THE SOl Aol A1)
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Py_RETURN_NONE;

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

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

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

21.9 dolef & 7535171

o] $4& PyArg_ParseTuple () o ¥h I Th The 3} Zo] AAPYTh:

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

PyArg_ParseTuple () oA A= & 23 FAS 29 @9 = A4 sHA 9 <l

A,
Qe QUTh e EAE 7} of e} i gho]of of Fuith. Sho] Mol A T 58 C Fol
shol W A & Wl aHEh o)

PyArg ParseTuple () 7] 3 7bA] Zho]d: Fabe 3 Wi 2127k & ol ook 3pA vl (o] 4l <17} B &2
?‘5“‘ YWirAow FEE 997 tfEY9Uth, Py_Buildvalue () & F4 FES LEstA+ g5ttt
£ FALo] & ol 4e] TU B9/} 238 290l 9 & YT 29 220 o] 90 None
% st A 5] st W H%Efﬁ%}tﬂ,lﬂﬂ—‘??ﬂ olA i =W 7} 7=t AAE
t&%‘r%b}ﬁ} A717H00l 18] FES ZAE MEst e 5 o, T FAE S ESE FoAAIL

A (AF-L TE0lal, LEF-2 A3 oA P Uth:

Py_Buildvalue ("") None

Py_Buildvalue ("i", 123) 123

Py_Buildvalue ("iii", 123, 456, 789) (123, 456, 789)

Py_Buildvalue ("s", "hello") 'hello'

Py_Buildvalue ("y", "hello") b'hello!

Py_Buildvalue ("ss", "hello", "world") ('hello', 'world'")

Py_Buildvalue ("s#", "hello", 4) 'hell'

Py_Buildvalue ("y#", "hello", 4) b'hell'

Py_Buildvalue (" ()") ()
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Py_BuildvValue (" (i)", 123) (123,)
Py_BuildvValue (" (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) (1, 2), (3, 4)), (5, 6))
21.10 Fx 34
CLFCt 81 22 Aojol A, Pol A vl el o] 2 B3} 9 shAshe 2L Zz a7 FFgch C

o A, malloc () 3 free () 48 AHE3te] o] 29SS AFUTh Crrol A, A4 news} deletet

%é‘?ﬂ&ié‘%ﬂ“li*}ﬁﬂtﬁ FeEleFAmEE = ECY A= AT syt

14
112
o

malloc() o2 TdFE REWRE EEL free() & AE3] 3t TE31o] AE 753t vEe 22 vk
ﬂﬂﬂﬁﬂﬂﬂ-ﬂﬂﬂfme«%i%ﬂ%%b%%ﬁﬂﬂﬂ-%%ﬂfﬁ*Emﬂﬂﬁﬂ%fmeo
= &3

20 et 2240l $28 7l 28 st WS A
TT(memOVy leak)Btal U th ¥, 2 2 T o] B-Eof )3 free (
Emalloc() 3L 53 EES AL S o] =T o] AT
mwmmmwﬁzLﬁ+iﬂﬂﬂﬂ%gmqa§§5¢%
QJ”EQﬁJMAﬂﬂ}%
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o 2 e et
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ELFW
52 o
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237
frt ilr
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paV)
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ol
ko
i)

o)

malloc () 3} free () @ol AHE3H7] wfZel, ¥l 2 g T A1 w2 2] AHE-S 3] 3H= H 2o
A,jEHQ B} S X} Z 3] 4= M| 7] (reference counting) 21l U T 9 2= 7hehghY E]-. 2E A=
ERUU T, A2 E A4 3 B2 ol o) A4E W Sohea, Bk AAE Y gag
7H0o] 5 RekE, A Ao th e vhA o 2ok A Aol 1 AR 7 AR U

‘;Hxﬂ 12‘% A% 748) A 4% (automatic garbage collection)©)eF1 U TH (W2, FZ 34 A 7| = 714

Aol ekl A, F P E TRA] 9ol AES BAFUTh) A5 A 200 4 2 4Ae
A e Ao 5 A 8Tt G Al (E the £ 8 8 ) o o] AL
2ol Mol AR — o] A2 AT AHLo] oI UTh) BAL ol 49 HE Ao AL o] 44 A 7o
T AT (T malloc () F free () EART F J=3—ol=C EF o] HATYT, AA| 2 o] Al A 2)\%

N BLoob [ S0 BN M E g

i
glﬂoko
_“L
Mo
o,

ST ook
iy < rlo

b S

A

ﬂiﬂmﬂ L0 e 29Ut QA CE S B A4 A AE A A E AR
91 AGTh 2w AR, 92 Fa A4e) ol dokok & AGY)
sl e AEAQ Fx A% A7 TRE AEHAY, B2 < B AANE €8 AAE AT o] 8
%ﬂ%%zilﬂ%@éﬂﬂﬂ4ﬂﬂﬂﬁf%§¢%%5%ﬁwﬁﬂ@&§¢%&%ﬂﬂ¥ﬁ%
7hal A 9] Sk U Thel thah 443k ghobw Buth & e (AW g Ao w) Aol e
e TRHE ARz AN, B 2 AAE00] obd Fx A58 25Uk QA B2 A5
A7) FRACNA L <8 AA o] et 371 B2 Qe ehE B2 <8 A o 3k v m e} % Bl %3
AR A Fad vl & 548 5 sy
S AEE ANA B2 AAHT oS ABEE S YT go BELS T4 A3 o] 29 43 A 7o)
S7712 9 BABEE 7 5B opl 2} 84 712 A ek P (collect ) B4 S AFHUL <8
AE7)= A9A T4 2ar 42U RAoe 2gHo] YA, U SAE (M 05 X £
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configure 2 I Y E| ——without-cycle-gc A& AFE3to] (1= A] B &3} & 4 Iyt o4
WAoo R 3 A7 N EASEE g BES AR E 5 el Ut

shol Wl A Zx 514 A7)

Az 340 2719 A4S AEgsts F /M w3 & Py INCREF (x) 9} Py_DECREF (x) 7} 9%
Py_DECREF () & 3 F71 00 =23l AAE A7 = Ut FAFE AN, free OV EJFH T2
stA ks Utk — thAl, AA| e B AA (rype object)oll Y= T4 ZRJAEE 3 TEFUth o] HH(HE

S 8 B AAlol =g d AAof st 2AH=E 2&8H Yt}

oA & AFo] 55Ut AA| Py_INCREF (x) £} Py DECREF (x) & AFE U7 WA 2 712 &) & A7)
ST UTE oFF = AAE “&f(owns)”SHA] SFsUTE | Lok, Ao th ek 2 E &R (own a reference) &
F dF5Uth AAe Z=x 34 oA o] AAod g A2 E 42/ 52 AAgFEULh X £AFAE HE
Zz7F 22314 ¢S vl Py_DECREF () & T &doF FUth #HR9 4F3E F=T 5 JdFUTh 273
FzE AE3= A 7R B o] s Uth: AY, A% H Py _DECREF () 5. 273 F=2

H 522 F7F A oh

Aol gt Z2E W el = (borrow) A% 75U #Fx9 H
Utk o ats 4d afAE o H e AAE

ﬂllrU
2
S
o
XN
52
[o
)

2
2
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Q
2
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rr
av]
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]
=1
(@]
s
=
T
i

Ae s a3

Fx2E st s A E v ReE AR S f13 o] Yol M Zr s of FuTh.

Fx afol Hlud ) de)r)9 ojHe IES 5 /b RE RN F2E AT B2 o=
Adutt— 5, 4L F2 S AHoHE 27] T35 Ao 759 @] gyt afote 2ol vl U=
29 B2, AR 7)ol uhE IEA T, W F LAt AR E FRE AL Fol dd FERT7FASE
T A= VIR o] slok= AdUnt

¥l FE =Py INCREF ()& T30 £/ 22 AT ¢ 5k o= 25 W82 2F749
Aol dFE v A AFUT — M2 278 FRE GEL AT 254 AL BAFUT (o)A
AFFAHERE oy B A &R AR RS SHREA A E el oF gy th.

a3

AA] N F2E BBHE PR F5LE FE2YG A 258 ATIUL =3,
) : L o

PyLong_FromLong () U Py _Buildvalue () &} Z2 A AAE L7 6S /IR BEESFE=4/ES
FA R o Al AggUTh AA 7 AAZ A} AA7F ot B EtE, o] A 3] sl Aol o gt A T2 2FdEES
wr Ut o & £9], PyLlong_FromLong () <& &3] AFE5 = &9 MAIE X381 WA E &5 o st

H2E NHEE 5 YUk

-1 =]

t}: PyTuple_GetItem(),PyList_GetItem(),PyDict_GetItem() ¥ PyDict_GetItemString ()
2 BT FE HUCE EE A Y oA YA F2E RS T
PyImport_AddModule () ¥4 = AA & W3st= AAE vs 5 AT EH F2E Wy A A
o g &3 F 27 sys.modulesol A 7¢= o] §l7] wj ol 7Hs gy
AA FxE S ool A2 o, dtAH o, e Yoz iy x2S YHP U — IR E A5
oF 3tW, Py_INCREF () & AF&3te] 59 /27 Ut o] FFoll= 7 744 S83 97 5 Ut
PyTuple_SetItem()3}PyList_SetItem(). o] a2 AL FHo| e ands AUtk —HAL
Asfsteiete! (PyDict_setItem() I 2 IAFES 2FdE A FFUTH— o] E2“HA” dYth)

2 Zz “x) 2] 7] (borrowing)” &= A8 upE A HUTh £HAHE oW E] Fx AHRS 7R 1 dHUTh

AR AFH o)A AR FAdhe AL AEEHA gEUt— FE 35 AA L A D v R ol 9 4 QoA ThE AR o) S
% Ay TH
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C 3 7}#01“4°1W SE22 U], TEAZEE & o gt FZ2E AP Yt TEA= AA o U FRE
m‘%o}ﬂ u2of, B2 Fxo £ gk visE uj7bz] B A Yok olai Sl e =2 E A3 AL
A oF S wj gk Py INCREF () & $&310] 273 ZZ2 2 vtEofoF gyt

sl Ao A TEH C oA vidE AX A2+ A7 F2AoFUtt —2Fd2 oA SEAZ
AEga U

AFo] O

=22 ua

AH 7)o Fagt A F2o] Abgo] TAE 4o & 3+ 2 7HA FF o] dF UL o] ZES BEF Fx2Y
2FA AR E ARBIEE T 5 e dHz g BAH &3 Aol dFUt

71 WA dofol & I F 23 A= HAaE FRo g FRE des 5 FH] gl AA A
Py_DECREF () & AF&3l= ZA YUt o & 59

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

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

o] &= WA list[0]°] e F2E WA o3, list oo g vy, npxeto g v Fx2
AN o F5f EO]Z]}?L A u 22X 9k TH

PyList_SetItem() _/]Z‘“O% i%—% 3}7],%/\]]4, ‘QCE%E%%&%‘WEH?}’Q’E%&:%%HH,T@%]
= WA o Ay ULEI 2] & (dispose) 3] oF U T}, oA Y G [ o] A}-& A} Ho] Fe| a0 AAE AT
AR, 2 A7 del () MAEE Aoty o A BA T o] 2 A 2B AL FR 34T
1], o] 2 A E5W__del_ () WINE73EH U

ol e gy MEN, del 0 MASE Jolof Aol¥ mEF ABY £ DG e, DA
bug (1 scenc) oY VU E e e AN S AR SIS Rt BT bug () o] AL o]
E7}_del () WA =AM AN A 7hg sttt 718k, del llst[O].OJ F3le 2L BAS A 4
%mﬂ]ﬂqﬂﬂﬂﬂﬂWdWﬂmﬂzﬂiﬂﬂﬂﬁﬂﬂﬁdﬁﬂWiﬂéﬂﬂﬂiwaimm
s wgz

A A9le g3 R, A e AUtk QA oz A2 A5 E wUA L. 22w A Bae
oS3t 2ok

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) ;

-~

AR o oF71 U T, o) A vl W] Fo] WMol o] w1} WY
7} A s ol 58 Lol 7] $19] C ol A ol 4] At A
Fzol BA7L Qi WA A 9E Adse BaE WY
St A% 5 51014, o)) 5] 2ol e15] Ao 2=t
=

Py_BEGIN_ALLOW_THREADSE Al&3}e] o] & A FH S

W] AA AA &7+&
T sy 2,

=
3] A 3} 12 Py_END_ALLOW_THREADS

I it

O

N,

2

o
m[n =
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E A2t A &R 4 G U L o= B2 10 SE A E£8), /07 48 H 7 E 7] the = 9 ohE
sAEA B2 ANE ASE S YD FUTh BB, The B4 E oA B5ok 2 BAZ AF U
void
bug (PyObject *1list)
{

PyObject *item = PyList_GetItem(list, 0);

Py_BEGIN_ALLOW_THREADS

..some blocking I/O call...

Py_END_ALLOW_THREADS

PyObject_Print (item, stdout, 0); /* BUG! */
}
NULL =<2l¥
Aoz, A FEE AAE Fohe Bt NULL EAE S ALY A0 A5 ehov], 18
FolE HZPUTH(EE o] 52 Fof %Eé%e tUth. 244 F2E vEshs 4= %t&” o2 o7t
A3 & UEPul 7] 91814 B NOLL S Wheh g o). NULL Q1418 ARG S o] § RS o] £ A4l
W A E THE Fo] AR W YUt 2 B NULLE AR, B8 AL} wo] WA s
FE7hy =g A A “91/15}
NULLY %l% Z9 Ei 7P LTH “ANTO AT NULLS FAFSH= Aol E5UTH o9& £9], malloc()

v} 2 & Py_INCREF () 3} Py_DECREF () % NULL %91 E|2 AAeA Ut — a5, 159 W3
Py_XINCREF () ¢} Py_XDECREF () + A gth

EAQ AR FL 37 Y3 T E (Pytype_Check ()= NULL ZEE Q314 &5 th—thA], o] &
ZIdiste Foll disll AAE AAsE7] Asl AL A ole o2l W EE8te ZE7F HokA, S5 AAHL
AAFUTH NULL AALS 3= A8 L gl

CE4 TE2 uAYSLC 8o ALE Q2 B2 (o A= args) o] Aul NULLO| o} H S H At} —
A zE P FEDS BRI

NULL E 12 sho] 2 ALG Aol Al “mpA A BhE s 22 4 71ek o o U ek,

A S AV o] A g Ut vl =2 (gho] A Qe Z e H)
27F = A oL} A A (static) AA S AHEE 5 syt w2l
A

2 1900 Crr B AE 2 D28 Aol BA A S th sold AU ZAE 5 ET B(53)
R 275} §9)  oxtern "CrE Aol HAHOF AT extern "Ct {...) 2 spol A HE] A
FS 22+ 9SYtt—__cplusplus 7|37} A=W E’_%A/\]C++74J+°‘Ei7]- o] 71Z & A3 Yth
o1 o] B 4E AU
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21.12 &% 2 58 95t C API A|-5-317]
BE B wE e oA ol oA AT AHE_ gt P AT, W B RE) v} hE g
BE FET 5 dFUrth 2 S0, FF REL A Gt BaEANY FEAAdA S TR 5
AsUTh 2 Il B2 E Fof g E‘:Ol Z2EE WET 223 = Q1A k= CAPIVE & AAH,
o] Mg B Fol & th2 FF REANAN A5 22 £ 9l C T4 3ol glojok FHrh
AEo] o) AL e AAH Bt BA T2 AL (BE statice AAdA 1), A4 3¢
S} A F AL, C APIE AW Th AP o] AL BE 84 mEo] A4 sl A A Z e Ele} 40w
Fasge] ot A5k 22Uy RES FF gtolH g2 A gad, 3 RE Fo W /) E 7} ohE
E%OM Ho|R) kS 5 Q& UTh 7N G AR AL 29 A Aol whe} thE U T o A AEL Tho] A
Bl Z 2| |9} BE B4 mEO slube] M o] B FHS AR s W (o] & S0 9=, TE A aES
E% %a Moﬂ ?Jiéﬂ% 7159 552 YA AR 2057 AIX ) 3o of Ve,

W =7]3} ol A A E X o). EV’ ol & ﬁﬂ 25 oA HA 2 Sl of ek

e EERCHE AR (EAH) S ADee SRR AUS S AT
S olE] (void *)2 A%l sho] M 5o 8] & ATk AL L C APIE Ea A1k B s
3 E%-"J ol & F kol Al °lE°ﬂ
AL o2, Aol 2AHE

= T

HAE 4 4

G 25 CAPIE &3k ol €S AHS s B ol o2l 7HA7E 5 U th 7 g7t Al vke] Aes
AAY, BE CAPI ZE 7 A= HH@‘-J FAE %‘ﬁri AXNG = AUk 283 2AHE At
AUEs st AL T2 A 2ol REY Zefo|dE BE 7ho o8 Aoz Bad 4 9 T)
o™ Y-S e, A& olgS SHEA AP s+ Aol TP PyCapsule_New () T4+ name
w7} M (const char *)%4%45} NULL name& A2 $& QAW o] 55 A AT 73] AL
WD} Z“*Wﬂ °le 2ol &L oj= AR AY A Y ARAL ATFUH U o Y AES

EAES P2 dsUT

modulename.attributename

3 Al 2% CAPIE gA 2 & ¢ JA°, A&

A &4 PyCapsule_Import () & A3}
of APLALg 1ol 7] AH4l0] 2.2 9 A4e] SuHE C API

o]Eo] ]T'fz]_q.olx]tﬂ—rq]u}:/_ﬁ/\

7} 235 o] Qi AL FUth

E‘ru A= FEEe HS R UL REY AR NA S P S HoFET, %l‘izdgi A}%ﬂ%
gtojBelg] 5o AUt H&9 Fho] H= void EAE Y] wj Lo EE CAP

St AU E AU 5ol s dot= :

-uOH“

225 AlFdUth o] AdE REL CAPIY AN 2317 Ao o] ija 25 $E3H7| % 3 FHuth
YE Y= BE2 AA 7Hsh o9] spam BES 3 A YUt spam.system() i’:‘?% 2to] B g g

o
J}E

C
Fs systen() 2 A8 BEHAE BT, AAZE O B AL FAehE (1Y BE B ol “spam”
2 Z715hE A3 22) PySpan_System() B4 T2 UTh o] B4 PySpan System() & THE 33

B2 WE YUk

3 PySpam_System () = FH 3 C Foln, b2 B E 23} 2ol static &2 AAH JFUTH:

static int
PySpam_System(const char *command)

(F= ol ATl A%)
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return system(command) ;

rlr

spam_system () 5= AMaSHA A H Yt}

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

const char *command;

int sts;

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

sts = PySpam_System(command) ;

return PylLong_FromLong (sts);

5 A HZA, 2 & vz vl

#include <Python.h>

ge § 221 Z7sloF gtk

#define SPAM_MODULE
#include "spammodule.h"

#define2 3¢ ¥ do] =

Zefo]dE BEol old YHEUYE ZE 23¢EH S gl o AR E Yt upx e
2,259 2718 4= CAPI 29

13228 Wi B2 2 7] 3}sf oF i th:

PyMODINIT_FUNC

PyInit_spam(void)

{
PyObject *m;
static void *PySpam_API[PySpam API_pointers];
PyObject *c_api_object;

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

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

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

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

return m;

PySpam_APIE staticOo @ MAFP UL 23X 4o pyInit_spam() o] 5 uf] Z g vf g o] Al
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Ay eH
Z] P HEL 3 9tY spammodule.hel 9lon, oS3} 25Ut}

#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) ? 0 : -1;

}

#endif

#ifdef _ cplusplus
}
#endif

#endif /* !defined (Py_SPAMMODULE_H) */

PySpam_System () o] B 23}7] 9180 2 A
|3 2) import_spam() & E&3hE= A o] AR YU}

PyMODINIT_FUNC
PyInit_client (void)
{

(BF= sl Aol 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;

”}Z]“Loi e 71 7s Xﬂ*ﬁ}‘ﬂ 53] g AdE 2QAH HEE
Uk MR A F}o] “*/C API & 3 & 2 1l 57 & €] capsules A A3 g 8 (
Include/pycapsule.h®} Objects/pycapsule.c 3td) o] AHE o] g5t

ol x C Y BE AYA7F WA strF list F34 upd7A 2 -l]rol A=A 22T e M2
PS5 JAEF FUth RE P F=+ DS W= A v A Zs17] Ao o] 3l of & Al AL
AsUth o] A A& FA o o g bk }i7H?J‘4D}

221 7|%

CPython AEFQ)& BE Tho] W A7 & Pyobiect * Bo] W47 331w, o & RE sold 7
W7 43S YTk pyobect FEA AA £ AA | Fx A 59l AR o] “q AR

Utk o] 717k A4 o] Aojife 2Tk @ AR = & So] AR A e HES
SEHAL, G2 A% BB U] AE 2} EEHE () BLE AAFUL o EC FHE G WA
2} e,

uwebA, Al B Ao stEE, A @ AAE ook ‘}S}HU‘r-
T

o8]l 7] AL oA ET AT 4 go]A], 7| C & BE custom WA Customo] 2= A & &
Ao 3t H At A vk A BE o] JF U

&b

23: o 7o) EAISH= AL AR (staric) BFF L Aol ok AE A .
oF LT}, C APl %8} PyType_FromSpec () B4-2 A8ato] § €3 4392 49 &+ Ay,
o] A5 Aol M= th2 A ).

'—]
k<:_|.4

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

typedef struct {

PyObject_HEAD

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

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

bi

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

bi

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

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

Py_INCREF (&CustomType) ;

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

return m;

o] Al &= gk Mol vl oF T A o] WA T, o] A A} v Hol 7] upgth o] 32 Al A E A Y Pt
1. Custom A o] =5 A: CustomObject FZA| 0|1, ZF custom 1 A~EH Aujr) 3k H A S35 U

2. Custom § 9] 25 21 CustomType -2 A ol 1, 54 AAto] A A= v Qe =2 g7} AASHE= &
Ash @ zaAH 9L 49T o
3. custom EEES 27|35t= W PyInit_custom @49 B custommodule XA YUt
20 A e

typedef struct {
PyObject_HEAD
} CustomObiject;

o] Z1 o] Custom A Aol £3=E A Yt} PyObject HEADE ZF AR FRA Y A Z RHEo| Y4HO0F 2=
Zleln], pyobject P& ob_baseths BEE ol dtol, @ Aol tht 2AH 9} Fx A4E 23FTh
(O S-S 212t =12 py_TvpES} Py REFCNTE AFB3o] 942 & 4 915U Th. o] 0] =12 9l o f=
B 2] (layout) & 3431812 Tl 2 W0 A 371 D=2 B3] 918 A YU T

Z3: PyObject HEAD WA Fol A E 2ol gtk A4 R 27se Ao Rl AR
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v 24 AUTh

8 AAe dH S8 #F pyObject _HEAD &E T o] 7t olHE AZd Utk A& S0, &

g}o] A floats ol T 3F A o] = t}-S 3} 2 )

=

typedef struct {
PyObject_HEAD
double ob_fval;
} PyFloatObiject;

= R AL g AR ) Aol U,

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

Al

o

Zo]

Onﬁ:

ﬁH

A 2R = BE PyTypeObject WEE Y E3A &1 2
C99 =

%k
2~ e} o] 2] 9 (designated) X 7] S ALE AFR 5= A 7] o]

object.ho] &= PyTypeObijectd] AA Hol= 9o AojHrf L A& .
AvtdHol & 002 ANPAH, D3R Fo™ YA H O 2 X H3}HA] b= o] kA ]

3 wlol o W=A we el w gk

’ PyVarObject_ HEAD_INIT (NULL, 0)

o] & folA dF 3 ob_base BEE Z7]3}617] 93 B4+ A4EF I

’.tp_name = "custom.Custom",

22 PO o] . o] AL A2 7| E HAE BH} LB o wA Ao YEFEU T o] E E01:

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

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

o) go] BE o2} R E U 32| o] & BT TR o= TRA o2 U FAHAUNL. o] B T E
L custom©o]I & customo]|BHA], & o] E &

o] custom.Custom® 2 A At} & o] pydocH pickle
REN} SIS '5}"4“5 AA oz F7E dXE HEE AMEsh= Aol T8t
.tp_basicsize = sizeof (CustomObject),
.tp_itemsize = 0,
o] A /\Hi—v— Custom o]/\‘ﬂ/\g E’l‘%“ﬂ sfo] o] St v B2

s shol Mol A B A

B A A71E A3k, o] Hlo|2F T T2 tp_basicsized 7AW,
tF A5 A7 d= = dsdth 39

7 ’
ol HE FH L= bases_ o o] F5 WA YEsfof
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FUTh 284 0w ol glo] Yol _new () WA=
Cr_basiceize e AEE ool o) EARE T 4 A%
o] 28 o object o Ak, L8 A o Wlo] A5 o] oo ]

Zd 2 =¥ 1E Py _TPFLAGS_DEFAULTE A A stk

.tp_flags = Py_TPFLAGS_DEFAULT,

EE P20 daE 2ol 2eof Pty Hojx vbol A 33714 o d B 9w E E43 gyt
F7FHm 7L 285k, s F S 15 OR sl oF Ptk

tp_docol Yo EAEP S AT

.tp_doc = "Custom objects",

A< 7hs 3t e, tp_new ﬂﬂﬂ% Algsf oF Ut o] 212 atold M= new () &

AA =
— o
=31, Uﬂ/\]E,Q_E A1 73l oF Futh o] %o+, APL $H4 PyType_GenericNew () ol A A58k 7] &
TS IFAEE T AFU

’.tp_new = PyType_GenericNew, ‘

PyTnit_custom() o Y TEE A9l5liL, 329 e BE &L %3 of FuT):

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

o] 1L Custom & Z7]3}st=H], Aol NULLE A4 3 ob_types EZHsto], oj2] S A AT 7] &
Foz AU

Py_INCREF (&CustomType) ;

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

o] A2 FL BE gAY gol F7H Ut Ccustom FHAE TE60] Custon A2 2E THE F U

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

ol A AE YU TH ol AL WEsE AY Utk 99 ZEES custom. cghi 3 o] B2
from distutils.core import setup, Extension
setup (name="custom", version="1.0",

ext_modules=[Extension ("custom", ["custom.c"])])

£ setup.pydhe ¥ 42 U5 o5&

$ python setup.py build

Ao 483 A B T e o] 59 custon. so A4 F oF Gtk 9 Tl A E 2 2 o) F51o] v WS

A2 Al 2 — import custom & 4 ¢l Custom A Z &= 4= Y5 th

28 oA eyt 187 Pupal
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£, @7 Custom B 18] FFA ghIth HolE 7 Q3 o E AR 34 ghvith AR FeHARA S

HAECHFL V=S Y3 BF distutils BES Ho] FAvh A
#2] 7t & 9 setuptools gho]Hel 2| & AFR sl Aol F5 U o] A 4=

A A& Ape ol A =
% o g e 4
AE ol BAS WS ol AT sho] 1 719 A8 A A A4 A 2 5 ATk

Wah W ol

2.2.2 7] ol Aol Bl o] €|} vl A = 3 7}517]

o] o] E] £} “ﬂ MEE FIFSES 712 A E ) G AT e vlola SHAEE AT = J=F FAIHL
t}2 7|58 7t M EE custom2E S A Y Y}

#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)

28 Chapter 2. AAA ©F ¢lo] &3 w5 7)
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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) |
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;
3

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 = {

(TH& ST Aol A1)
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PyVarObject_HEAD_INIT (NULL, 0)

.tp_name = "custom2.Custom",

.tp_doc = "Custom objects",

.tp_basicsize = sizeof (CustomObject),

.tp_itemsize = 0,

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

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

.tp_methods = Custom_methods,
bi

static PyModuleDef custommodule = {
PyModuleDef_ HEAD_INIT,

.m_name = "custom2",
.m_doc = "Example module that creates an extension type.",
.m_size = -1,

bi

PyMODINIT_FUNC
PyInit_custom2 (void)
{
PyObject *m;
if (PyType_Ready (&CustomType) < 0)
return NULL;

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

Py_INCREF (&CustomType) ;

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

return m;
I3
o) W) EE of el 7 WA Aol G
oh2 3 28 7} Z 3 (include) S 75U th:
#include <structmember.h>
ol 2 ol AusE AN ol ARES Hese o S AAS AT
Custom &2 oA C FZA| 9 first, last D number2] AN 7}A] d] o] €] o] E ] HE 7} dH5 U TY. firste} last 4=
ol 5 S 23t FolH AL ?J‘/]D} number N E B HE = C A5 YU Th

AR F2A L THeT} 2] AAF YT

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

ol Al &l vl ol 7} 7] w2 oll, AA ddat &7 Aol 3l Tl ATl oF AUt H4T TS A
A =722yt

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 thY g Urh:

.tp_dealloc = (destructor) Custom_dealloc,

ol AMEE WA F FojH oJEFES I S 4Yth Py_XDECREF () &+ <AA7} NULLQ

A% (tp_new?7} F v ZHol| A s st Ay o~ % ut2 A A=y 1" o A4A 3

(Py_TYPE (self) & ALFUTH Y tp_free WH 2 A o] ] &2 ﬂ = fAF Y- ﬂxﬂ % ol
/\ AN

Customtypeel ohd 4 512l frolSAA €, AAE A o) o] A8 AS + o7l W Tk

i Lo
:’9
m]ru
ru}o 11

ZF3: CustomObiject * Q1AE FHI}IEH Custom_deallocS ALY AR Y tp_dealloc T4 EQAE &=
PyObject * QIAHE W 202 7|thst7] wf 2ol 919 destructor 29 ‘ﬂ/\] A NEZ 3
T9A o, AstAe el Al 4 b AT o] Aol C= sh AA] A% che 4 QL T

B

kst
L}

S gz AT o]Zo] ¥l EAAE 27|3EEZ 51 Ao A, tp_new 7S A}

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

CustomObject *self;

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

self->first = PyUnicode_FromString("");

if (self->first == NULL) {

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

}
return (PyObject *) self;

283 12S tp_new W o] A X3}

.tp_new = Custom_new,
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tp_new A 2 7]= Fo AAE (27182} thn]sto]) Aot A LS JUth FolHol A __new_ () HA
T2 EYYUT tp new IHE Hod de = glon, AA =z W 332 99 Custom ) ?4 H A
W Ao % H PyType_GenericNew () & MAME-3H7] T Ut A F-2, tp_new A 8] 7] & AF§-3F] first
¢} last HEH%EE NULL®] obd 7|23t 2 =733t}

tp_newt A2EA 3 HE P (HHE Feart A2 A 3 H W, e A CustonTyped 8+ flFUTh
F Yol 3 %% o Agd BEJAAZE AGHH, 5o JAAHAE vkstg 21 o 2 7J g YTh tp_new
A7) E B AA 4 7N E JAE Wols o A ¥h FF AAE FAISHL A A& 27|13} (CY tp_init
b‘rﬁJrOVﬁA __init__ ) WA ECA FAF YT

Fa: A"z g7t A4 & AolehA, tp_news PAIHLE tp_initE TE8HE < HU T

tp_new 7 tp_alloc €% S &5t v R E 3¢ ch:

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

W22 @pol A @ 4 Lol A, AW ] Aol tp_alloc A37ENULLe] obdA) F A5 of T Th

#FH3: P tp_alloc €3S AR AA %2 wu} ﬂM PyType_Ready () 7} Wl o] S| & (7] 24
© 2 object YUY thollA A< 3to] 1€2HHWD}.EH ol gL 7| E g Aekg A2 3T

F3: B4 tp_new(l o]~ ‘094 tp_newt__new_ () & 3TEZ3= A)% UJE—E 735, A Al ke H A =
7‘%_'*3 —’F/ﬂ EAHE St T2 M ES 2 S AL 1A gotok ?J‘J‘jr dolh P 2 =TA
Asta, 1A tp_news Z]’,‘j,EE‘_ type->tp_base->tp_news EOH Eéﬁ AALL. o] & A
CFE sfo]H 2] FULE AL of 22 B2 ol A8 Feh 2ok Su=A 1EGA BL >
(53], TypeErrorgs 44| ‘E%E“S/ﬂ, olH T AE ZFYXYY JAAFAE USR] B & Qs Th

o

A" 2Age Alwste dAE Botsole 2713 o= FoFuh:

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) ;
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return 0O;

}

O] AOC R tp_init €% Atk

.tp_init = (initproc) Custom_init,

tp_init €22 gto|HollA __init__ () HAEE = Z2HUth AA 7 #5013 T 27|36t o] AL H
YUtk 27|32k 4 91X 9 719 = QIAME ol ol W A Al 0 Tt ol A -1 Wl of gyt

A
oL

tp_new A2]7]9} &2, tp_init7hote] EEH A $& £ E YFUTHEIE SOl pickle BEL /| RA 0
3328 AabadA _init_ ()2 3E5A @HUD. olg ¥ 338 S5 daunh SRS
AR _init__() WNES 52T 5 A5Uth ol ol R, A o= HE g YT Wt 283

Fosok guith o & ol rirst WS The 2ol hAstE T & 4 YUt

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

}

AW o AL A PFUTE 92l B2 £irse Wilo) B2 ABIA ghobd, BE 3
o). first fulo] A2 W A K S T E A AWE S o 9] A7 9SS
EREREEE R RS EE ERREE LB RS e

& g%y

BAFA0l 530l 5o 9 AU BT AN, Lol e A P B A5E F17) Ao
W2 thAl T g o QA o] 27 34 el B7te

© BERSIHIET AT 28 B8 L3 gL )
A GG A GILS AAHFAE 1 Fo| AES A TEHAE 422 B 9
« €8 7PIA $AE AUSHA gt F tp_dealloc A7l A Fx 0%
3 o]

7
M4E oERER w25 n YU o8 4
e 9w 4ol g Aol sk Atk

S5 AR D 5 A5
U EE 53 27}

0]
M H
o FE AN E T

Ea S R
Sacia]

(e

static PyMemberDef Custom_members|[] = {
{"first", T_OBJECT_EX, offsetof (CustomObject, first), O,
"first name"},
{"last", T_OBJECT_EX, offsetof (CustomObject, last), 0,
"last name"},
{"number", T_INT, offsetof (CustomObject, number), O,
"custom number"},
{NULL} /* Sentinel */

bi

183 tp_members €50 A E @5}

.tp_members = Custom_members,

7} wlw ool We o), W, Lz A, AMA B2 W =aEo] daUth AT WS L ole WE
ﬂE]HEﬂﬂ”ﬁ%ﬂﬁﬂﬂﬂg

VAL AAA TR 2T 2449 2 ARYAAE AL I AL T
S2lo] ol 7hul A £AE AA3HA k7] Wl o sl Ao A tp_dealloc A7)0l A o] AL AL MG T,
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o] 4ol e who) W o Ee HEo] AT 5 gl AR P2 ATY IH S AT A v A
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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;
3

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

o PIAEE Custon (T Custon A 2ol A2 ELE 3 WA s Ak C B AR,
HEE Q2828 3 A A AT Th MAEE 55 920 7195 ARE A5 T, of 49l
b A ASA erobd] 14 A4 FEoluh AYE 92 S AU E WebE B e 5T ol IAEE
che 7} 22 shol i WA 9 55 g ok

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

FASHAEAl L. AAR = 917] w2 ], olw] NULL
E

first@last W7} NULLY A S Q1) of g N
£ g HE & EAEZE A Sst= Zlo] o] 54T

s
= 494, cleg olm e 4
& A Aol A o] E FA s HE L

ojA MM =S @45“"144, HAE o] g s oloF gt

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

bi

($-2]= METH_NOARGS E¥) 18 AH§3ho] A = 7hself 0] 919] AAE 71th5HA] 22 vhehi ol 791 3
A L)

I28]3 tp_methods €59 "l J gt}

.tp_methods = Custom_methods,

nAete 2, 2o P& A H FPYY ol FYPAE AHET k=
TS A A AREH AL gl AR 9 ol sl 78S oHA] A= E vAEE FoA A s UTH A
ZHP2 S 2 Aol Py _TPFLAGS_BASETYPES £7}35}7] 9k b S Uth

.tp_flags = Py_TPFLAGS_DEFAULT | Py_TPFLAGS_BASETYPE,

PyInit_custom()9 o] PyInit_custom2 () & B}, PyModuleDef FZ A oA B E o] =L 7841
&3, PyTypeObject FRA| A AA| el O]%% R IR =

npA e 2, A R ES WESH] 938l setup.py LS AT
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from distutils.core import setup, Extension

setup (name="custom", version="1.0",
ext_modules=[
Extension("custom", ["custom.c"]),
Extension("custom2", ["custom2.c"]),

1

2.2.3 tjolg| o] EHEZ t] AU 5}A Al o]s}7]

o] A Aol i, Custon el A A £irst 9} last o= HE7F A4H £ B4 o ADHA Ao Gtk
o)A WAL RENAL, AAEA WS firse s} last S 244G 0] obd o2 ARG ALY AA T S5
&Y o] ol Ee] BESo] A EAD o] ZFH =S 51 AT,

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

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

} CustomObject;

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

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

CustomObject *self;

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

self->first = PyUnicode_FromString("");

if (self->first == NULL) |

Py_DECREF (self);
return NULL;

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

}
return (PyObject *) self;

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

(THE STToTAT ol A1)

22. %33 A5 A4 A 35




Extending and Embedding Python, & 4] #] # 3.8.18

(o] A sl o] A A M A%)

static char *kwlist[] = {"first", "last", "number", NULL};
PyObject *first = NULL, *last = NULL, *tmp;

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

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

}

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

}

return 0O;

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

Custom_getlast (CustomObject *self,

{

Py_INCREF (self->last);

return self->last;

static int

Custom_setlast (CustomObject *self,

{
PyObject *tmp;
if (value == NULL) {

PyErr_SetString (PyExc_TypeError,

return -1;

}

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

void *closure)

PyObject *value, void *closure)

"Cannot delete the last attribute");

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

"last name", NULL},
{NULL} /* Sentinel
bi

static PyObject *

Custom_name (CustomObject *self,

{

return PyUnicode_FromFormat ("%

static PyMethodDef Custom_methods][]
{"name", (PyCFunction)

Custom_name,

(setter) Custom_setfirst,

(setter) Custom_setlast,

PyObject *Py_UNUSED (ignored))

self->first, self->last);

METH_NOARGS,

"Return the name, combining the first and last name"

b
{NULL} /* Sentinel

bi

static PyTypeObject CustomType
PyVarObject_HEAD_INIT (NULL,

.tp_basicsize = sizeof (CustomObject),

.tp_name = "custom3.Custom",
.tp_doc = "Custom objects",
.tp_itemsize = 0,

.tp_flags = Py_TPFLAGS_DEFAULT

Py_TPFLAGS_BASETYPE,

(TH& ST Aol A1)
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.tp_new = Custom_new,

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

.tp_methods = Custom_methods,
.tp_getset = Custom_getsetters,

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

bi

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

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

Py_INCREF (&CustomType) ;

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

return m;

first® last o] EZREES Y &R H 0= A o] 57 Aall, AH-&AF A &) Al H (getter) & Al H (setter) F+E
AHE YT first O] ESRHES 7HA 2 A st e tha :

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

Al (getter) 4ol = Custom A A 2} “F 2 A (closure)”(void 2 1E]) 7} A2 U 1:} o] AL, ZEA L RA Y
Uth (F24= A9 dlol 8 7} Al H (getter) 2F Al E (setter) 2 A &S = 113 AHEHS A4 T & 59
S E2A 9 tolElof 7|eto] 7THA L AU AT o EYREE A St= %2’4 A e (getter) £} A E (setter) T
A%< 7oA Fdth)

Al E (setter) g0l = Custom A A, A} gt © Z =2 A (closure) 7} A
3 01231%57} AHAE Y T} Al (setter) Oﬂfﬂ, TEls B R
o E LA YTH

PyGetSetDef F+Z A9 vjdL vH5Ut}:

g8yt Al g2 NuLLY $ 9o,
E7

A A A ol AL o] of

ﬂlil

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

133 tp_getset €F 0 S22}

.tp_getset = Custom_getsetters,

PyGetSetDef 2 A9 ulR 2t FE L Qo AF3«“ZE2A"YUtTh o] AL, ZEAE AFLFHA] oA,
NULLYF A &gy}

w3 o)) g o = Bl that W S AAG T

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

bi

3 EAG ADHEE p_init A7) S A oF FU T}

Mo

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,
(FhS SAToTAT ol A%
392 o)Al first} last WH 7k £ Golebt S Du GoiA), B2 A4 E Folb vl @ FIT 4 YAW, $E EHE A0
e29 QAHAS WolEY YT U EALS FF A e Ao) 8 AN B BEH AL Grivks, BAD AH Fe e
AAEAE G AT Aol AN thAl £ A Fethn BAR 4+ g5UTh
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sfirst, &last,
&self->number))
return -1;

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

}

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

}

return O;
}
ol WAL Fal], firste last W7} Aof NULLO] ob2hal B8 4 gloj 4], A9 BE 720 NULL
HAANE AAT = AFUTE o] 22 RS Py_XDECREF () &&°| Py_DECREF () S5 % ¥3d &
A< uFdULh BT TES HAT 5 glE FLd a2+ tp_dealloc FEHAA AH], tp_newol A
ol W o] 27|37 AL 754 ol A5y th
TSt oA vpTMA 7, 273} oA BE 27|35 S48t BE o] 52 v, setup.py 3ol F7}
cEEE Al
2.2.4 53} 7n) R A A Y3s}7)
sholfeoll & Fz A57k00) ohd Wi BB A AN S 48 5 gl <8 /hi A $77] (GO AU
ol A AR 7k 7ol ol T uf Lot 4 A5t A8 Sol, e BTN 2
>>> 1 = []
>>> 1.append (1)
>>> del 1

o] ool A, AN L TFF= Bl 2 ES HEUH AANE o A3 AA G2 AUk Fx A500=
oA e 8 1Sy 18] £E) A A A7) L 5 ot S A9 S et
Fuch

Custom o AIY F AA WA AL, BE SR AANE firsti}last = HEN AFT 5 AL UTH.

ATHE % WA o A WA iAo A, Custon® AR 24 &4 9T, A8 SHAE Ao o=l R
EE 27H8 4 QFUL ©] F A ol % o= RO RE, Custon AA & 28 FolT 4 A5 U

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

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

& evhes) 4R ek 53
928 243shel o

=
HEHEAY Q2022 AT ZPol =, g A 99 str A
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#define PY _SSIZE_T CLEAN
#include <Python.h>
#include "structmember.h"

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

} CustomObject;

static int
Custom_traverse (CustomObject *self, visitproc visit, 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) {
Py_DECREF (self);
return NULL;
}
self->number = 0;

}
return (PyObject *) self;

static int

(TH& ST Aol A1)
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{

PyObject *first = NULL, *last = NULL, *tmp;

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

bi

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

Py_INCREF (self->first);

return self->first;

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

{
if (value == NULL) {

return -1;

}

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

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

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

static char *kwlist[] = {"first", "last", "number", NULL};

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

0,

void *closure)

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

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

42
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static PyObject *
Custom_getlast (CustomObject *self,

{
Py_INCREF (self->1last);
return self->last;

static int
Custom_setlast (CustomObject *self,
{

void *closure)

PyObject *value, wvoid *closure)

"Cannot delete the last attribute");

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

}

if (!PyUnicode_Check (value)) {

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

return -1;
}
Py_INCREF (value);
Py_CLEAR(self->last);

self->last = wvalue;
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 */

i

static PyObject *
Custom_name (CustomObject *self,

{

return PyUnicode_FromFormat ("%S %S",

static PyMethodDef Custom_methods][]

{"name",
"Return the name,

b
{NULL}

(PyCFunction)

/* Sentinel */

bi

static PyTypeObject CustomType = {
)

PyVarObject_HEAD_INIT (NULL, O
"custom4.Custom",
"Custom objects",

.tp_name =
.tp_doc =
.tp_basicsize =
.tp_itemsize = 0,
.tp_flags =
.tp_new = Custom_new,
.tp_init = (initproc)
.tp_dealloc = (destructor)

Custom_name,
combining the first and last name"

Py_TPFLAGS_DEFAULT

PyObject *Py_UNUSED (ignored))

self->first, self->last);

= A
METH_NOARGS,

sizeof (CustomObject),

| Py_TPFLAGS_BASETYPE | Py_TPFLAGS_HAVE_GC,

Custom_init,
Custom_dealloc,

(TH& ST Aol A1)
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.tp_traverse = (traverseproc) Custom_traverse,
.tp_clear = (inquiry) Custom_clear,
.tp_members = Custom_members,

.tp_methods = Custom_methods,
.tp_getset = Custom_getsetters,

bi

static PyModuleDef custommodule = {
PyModuleDef_ HEAD_INIT,

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

bi

PyMODINIT_FUNC
PyInit_custom4 (void)
{
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;

gt

2
ik

T A= AE AA A Hel & 5 UAEF Ut

o]

M

A, B (traversal) M| Al E= 43+ GC 7}

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

}

return 0O;
}
8o FoAd 3 Q= A AB AA ol el FA WA= ALH = visit () F5E &8 oF Foh
visit () F4E A8 A7 9k B WA =0 AR 27k Ak arg AAE AAZ AFU T 00] obd A
Hhghal of 3h= A3t WY Th
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sl W2 visit F T E = A Iohs Py VISIT() WA S AleFYth Py VISIT() & AHE3HH,
Custom_traverseo| A &&F ¢S H 438 %A‘/]D}

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

Py_VISIT (self->first);

Py_VISIT (self->last);

return 0;

ZF3: Py_VISIT() & AFR3l8l W tp_traverse FANA AR} o] 52 visit} arg=E A &3}1A X A 8l of
e,

A, < 8ol FolF 4 9E An A7

ft

A2 WA =S Al oF St

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

Py_CLEAR() WAE Abgo] FE84A L. 22 A48 So|8A 9o B tloE o= HES A 95
A% 1 A S P QU th NULLE A48 7] el o £ 2] HE | A Py_xDECREF () & T4l TE W0 W,
SR ES) S} ol R ES HA BE RE(S9 32 £l oW B T 52T A5

gl

3L o3} 2ol A4 stod py_CLEAR () € &0l T 4 A5dth:

PyObject *tmp;

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

9L, o ERES AT vl F4 Py_CLEAR() & AHESH717F B HaL ol 27k A5 Utk dide
S stEA H LT H A5 A= 5HA] nRg Al 2

G €8 GC7l 207 2 5 982 o u gtk GCE #x A7)0
WE 2 7] Aol PyObject_GC_UnTrack () & T&3] GCo A AA S F4 5
PyObject_GC_UnTrack () @ Custom_clearE ARE3lo] ThA] 239 & 3 A

S} A 7] Custom_dealloc2 AEFHREE XS u] Yo I=ESET
o]
=

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

i

nx| 2t o 2 py_ TPFLAGS_HAVE_GC Z#|1

Sl Eel o) F /bt
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.tp_flags = Py_TPFLAGS_DEFAULT | Py_TPFLAGS_BASETYPE | Py_TPFLAGS_HAVE_GC,

Aol ok AHYUTh AFEA A2 tp_alloco|Utp_free A8 7|2 A oW, 3 /M)A A2 98]

SRS ok guich thiE] 348 450 AT H WAL AS Tk

225 th2 Fe) An oA

ol &

7€ Aol A A8 A 949 & S 4 th Aol R eyTypeobiect & FA AT 5 slolA,
i

WA o A A3 7 7hR 45U ok 833 2
AsYh

o] o A= WA Llist FE AL 3= SubList ¥ wHs U "H
w52 7B S Z7kA) 7]+ F7) increment () HAE

e Que~Es)

& 3]

Zbo]] o] # 3t PyTypeObject F+RAE Z7317] o8&

%

=] ]

>>> 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->statet++;

return PyLong_FromLong (self->state);

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

bi

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

static PyTypeObject SubListType = {
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PyVarObject_HEAD_INIT (NULL, O0)

.tp_name = "sublist.SubList",

.tp_doc = "SubList objects",

.tp_basicsize = sizeof (SubListObject),

.tp_itemsize = 0,

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

tp_methods = SubList_methods,
bi

static PyModuleDef sublistmodule = {
PyModuleDef_ HEAD_INIT,

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

bi

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

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

Py_INCREF (&SubListType) ;

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

return m;

-

/\ t‘_

o1 A4 el custom ol A% W $ FAFU T $el& TF Aole] £8 Aol WS

¢
L

rlr

HA
_‘l?__

e
A% AL

typedef struct {
PyListObject list;
int state;

} SubListObject;

SR A 2] F 2 Ao AL wolade) AR F2A 7L R WA gholof o Stk AYuTh W] A H L o))
FZ A9 A2 EEof pyObject_HEAD () & £33}

gto]l A AA 7} SubList A2EAY w, PyObject * EQE]= PyListObject *2} SubListObject *
HEE HASHA A" E ¢ s UTh

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

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

(TH& ST Aol A1)
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return -1;
self->state = 0;
return O;

Aol #eo]~2ge _ init. MINEE SE3=WHS E S AFUTH

o] -2 AHEAF B9 tp_news} tp_dealloc WHE 2t FS AT wl T FUTE tp_new A7)+
AAZ tp_allocs AHE3te] A W R 8 E BHER T, W o] ZFE 27t AHA] tp_news TE 3] 2
St = 5ff oF gt

PyTypeObject FXA|= Fo FA Wo]Ax F A E A A St tp_baseE AAFYUTH 22X ZHE
gde] FAR A, pyList_Typeo| that FxE fF =& A AL 5 J5Uth s 25 =713}
ol A g3g el of T

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 (sSubListType) ;

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

return m;

PyType_Ready () & £&3}7] Aol|, & F2A ol tp_base £Fo| YA dojof gyt 71& F& a4
uf, PyType_GenericNew () & tp_alloc €5%< A& 8+ stk -wo]2P 9 a5 &7 A45H

Yo,

1% v+, PyType_Ready () & 2&381aL @ AA & ZE 718t A2 7]1% Custom A& 25Ut

A}

2.3 43 Jelskr]: 2] 74 FA

o] AL FHL = ohdT P M= 20 sk Lol el FolH7E AlFst] AR AdYTh
T2 O 2 G =oAq ek AL s = A5 B =71 A= PyTypeObject o] Ao Yy th:

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

/* Methods to implement standard operations */

(THS SOl Aol A1)
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destructor tp_dealloc;

Py_ssize_t tp_vectorcall_offset;

getattrfunc tp_getattr;

setattrfunc tp_setattr;

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

reprfunc tp_repr;

/* Method suites for standard classes */

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

/* More standard operations (here for binary compatibility)

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

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

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

const char *tp_doc; /* Documentation string */

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

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

/* rich comparisons */
richcmpfunc tp_richcompare;

/* weak reference enabler */
Py_ssize_t tp_weaklistoffset;

/* Iterators */
getiterfunc tp_iter;
iternextfunc tp_iternext;

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

struct PyMemberDef *tp_members;

struct PyGetSetDef *tp_getset;

struct _typeobject *tp_base;

PyObject *tp_dict;

descrgetfunc tp_descr_get;

descrsetfunc tp_descr_set;

Py_ssize_t tp_dictoffset;

(Python 2)

(FF= sl el Aol AI%)
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initproc tp_init;

allocfunc tp_alloc;

newfunc tp_new;

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

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

PyObject *tp_subclasses;

PyObject *tp_weaklist;

destructor tp_del;

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

destructor tp_finalize;

} PyTypeObject;

oA Fl A E7} o} U Th UE AR 34 TN 2 - B stel Go] Jow, o F AN Y TAL b
o] B9 5 ch

obu} 4 Z7kA) o] o], ol Aol thah AR ke Al o] the A AHE AFE AL eh
rol Sao] A A Lo Sl ol o 2ol B S vl A e A
229 Aesh 2 aE oA e o A Bol B4 e WA EE AR A5

}ﬂ

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

B9l o] F - o] Fol A AF el o] 22 ole] ol A vhehihul, Ao A2 A gLtk 18 8 43l A
=go Fuat 22 A st A 2l

o >

L.
’Py_ssize_t tp_basicsize, tp_itemsize; /* For allocation */

o) Bt o] o) A A7} w50l A W) FY v e) ¥ AEkelo] FelF LTk shol e 7hal do] 7=
(A2 A, FE) ol hek A A2 g et v, olu tp_itemsize BE7} Fe gk ol 2

Ul & 24 Yth

KN
-

const char *tp_doc;

2.3.1 slold A o] Az} &t 3 A

’destructor tp_dealloc;

o] B4t Yo AxT 20 A2 H57H00E FoEx ol ABzelE A} 1AL ADEALA L) B
£ e 1280 o AL ML QI S A I el Aelel Lo w el 7o) $g S sl

§1J

AA AA & o] 71 A s A sl oF U th. o] 9 o= vt e Y]

static void
newdatatype_dealloc (newdatatypeobject *obj)
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free (obj—>obj_UnderlyingDatatypePtr);
Py_TYPE (obj)—>tp_free (obj);

g aiA T 8% 37 AR F St E AR FA AYE IUHE FA Folok dtke AY Utk

Hz2 7l ool 282 St o 9 A 71 7F A £ 25 7] i 2ol S2¢UTh 28 o] (B4FH <
HHeko] o) o9 2 Q15| H 722 o, &F A 717 2] 7} oju] AAHH Y2 L 7 YEF Ste A2
PR A 4R A itk B AN S B 27} shol A TEA AR 4 AT F G R 2 AL
A7} AL E YAT + YET) o)L AL SEARS T+ UG oF PATIE
SO IS AAAA b2 2AE +H57] ol A% £ |2 S A 4G T B W HAeE A,
PyErr_Fetch ( )Q}PyErr Restore () & ARRSto] =38 4= Q5 Ut}

static void

my_dealloc (PyObject *obj)

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

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

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

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

PyErr_WriteUnraisable (self->my_callback);
else

Py_DECREF (cbresult);

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

Py_DECREF (self->my_callback);

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

FHa: S SiA oA FASHA AT = = ZFFol= Alste] AUtk WA, o] 7R =AE
A QS (tp_traverse W/HEE tp_clearE AF£31A]), tp_dealloc?] E%% o] A 4B Wt
AR AAL o] dejol = 8 £ ST £, tp_aeaiocol d, AAL BT elel 2% o A

7oA U (719 ool A 2p o)) AbashA] oF2 AA U APIE ©E38H tp_deallocs THA] © 5231

= o], o] F A2} TEol YL 5 A5 Th

gtol A 3 47E =, tp_deallocel] B33t stojdejAo]d Z=E YA D1, Al M E- tp_finalize 3
A = /\}33}— 2ol F5Uh

© B

PEP 442= M| 22 glo] d g Al o] A A A& A3t}
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232 A =4

spol ol A, AR o] 2B A2 B8k F 7HA W o] s Ut repr () 4 str () 4. (print ()
dre A str ()= TEFUH) ° Xiﬂﬂ%% B A9 A dyh

reprfunc tp_repr;
reprfunc tp_str;

tp_repr A7l 29 d2d20 RH S st AL AAE wrSsl of Ut o2 EE A Y

Yt

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

tp_repr A8 7|7} A BE A koW, Az E &= P9 tp_named} AA S 1F A FE AL RHS

Alg .

tp_str A2 7]=str () ol st A o], §lollM A et tp_repr X 2|79} repr () 7+ef AA| 9 22 AA Y
JiE i str ()2 ZU‘UHE%%‘/]D} TFd2 tp_repr T vl

Ytk &, ghol A =71 A A <
FrAFSEA v, A3t AL & Aol ARRet7] A3 AP UTh tp_stre AR SHA oW, tp_repr 7<4 2717}

o4l AF2H Ut
2o rekel o Itk

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

23.3 oJEZHE AT

JEYHEE AN 5 At ZE AA | dhsl, 31D FL o el HE L AHH = resolved) WL A of =
G52 AFH ok AU JELHES AW 5 It T4 (D7 H o] k), o EPREES A
OE g ERE dFo slgd ) 7t Jojof dUth o ERRE A A= 528 4FolH, A2 7]
Agd A ghol NuLLY YT

sto] M F Ao o) EelHE A 71E ALFUL o ER REES ARG F B4 G A}
STk Aol g A 4L ol EARE o) £ char+ AT 0hE AL Pyobject - WokE ALk A
Ut} 72+ g 7ae] Aolol o Aqs AL AT 4 JH T

getattrfunc tp_getattr; /* char * version */

setattrfunc tp_setattr;

VA V4

getattrofunc tp_getattro; /* PyObject * version */

setattrofunc tp_setattro;

112 o] el =of A5 Ao) B DY AW (A AP AYH e, o =2 HE Al 94
Pyobject WA ABIE o A8 T 4 Sl YA P Ao STk shol ¥ 2238 F o=l
A A BEAE A D] A AT LS AT AZE D oA S E A G AL

] %) Q12 oAl 7} Bro] QU Th,
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HEW ST Y0, o S HEE (RS BEL 2 799
(o] .

1. PyType_Ready () 7} &2 W] A EHEY] o] 5L LoloF Fyth
2. JEZYREE FAUYAARZIUSZ 71 Sst= ol 58 A7t oA oy ghs 7|9t 2
StA] okot= Huth
o] 552 oEFHE 7L, 3= Aete Al & IR vl o877 AGE = ol AlgE FA ol 7o
S Al L.

PyType_Ready () 7} =2 ull, ¥ AA| 7} Z23F+= 3712 H o] &S AF_31o] & 217 9 D]/\%L-]B]Oﬂ v} %] =]

B
Al

= 1‘4_1%\21‘2 Lis=a=n= 7]":]’\5'-%Eit AAE A 7“jﬂ-4 St ojE g RE g AN AE Ao Th.
7} Hol 82 Ada 4 gyt Al 7 E’:‘T‘-ﬂNULLO] H, PO A" A= wo] A oA F&5H 0% g RET
27 =) o, tp getattro®}tp_setattro ZEE NULLE ‘/Lﬁ—l—oiokﬂﬂoliﬁéo] JJEZHEE AT 4
A5yt

Hol 82 3 AAY Al Z=E= JdAFYth:

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

tp_methods”}NULL®] oFU ™, PyMethodDef 24| 9] vl E-& =z of gt} Hlo| 89 2+ §E 2 v}
F2A AxEdAaYdYTh:

typedef struct PyMethodDef {

const char “*ml_name; /* method name */
PyCFunction ml_meth; /* implementation function */
int ml_flags; /* flags */

const char *ml_doc; /* docstring */

} PyMethodDef;

Fol A AT £ 2w Aol sl Shte] 52 Gelshof Gtk o] 2Pl A FEE H A =0 = B ol
D231 b5 vpA ko] 3ol 27} @5 o] Baguich W o] 22 vheh 418 9 sentinel) ) U o).

AE] D2 ml_name FE &= NULLo]o]oF gt}

A Hlol e Azt no) A9 dlolelo] 44 AN L oSl REE Bolshe ol ASH UL By
718 Cgel AL v, GAl At 97 Agol AL 93 27D & AFUTh Hol o) FEAE TheT} 2ol
Ao g vch:

typedef struct PyMemberDef ({
const char *name;

int type;
int offset;
int flags;

const char *doc;
} PyMemberDef;

Hlol o] 7 G20 thal, o]~ 7 2 1 Gol 2o of QxR FRANA e FET 4 9
FUth type BEE structmember.h S|H 3 W § = 5 S-S ZFS ok FUT} o] gL 3hol
g3} Cgk 7kl Weats Bl AR B S P U flags BEL o= HEo] AA 25
Rlojsht e 18 A she o A Y th

O Sd2 As< structmember . holl 25 o] 55Ut ] EE ORE AHE-8te] 298 <+ syt

o ¥ X
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i °1v

READONLY < glsuth

READ_RESTRICTED | A|3td REoA= 12 4 5yt
WRITE_RESTRICTED | A|3tH EEoAN =& F g5UTh
RESTRICTED AetE REoA = d AU E & syttt

tp_members o] B-& AHg o] AW A7kl AEH = HAAREE THHE A FURL o] HL o]
2]

PO HojH BRE O EHEV T3] HolEd d2ES AT 207 ARE SAES M 5
Athe AYUth 8 Z2 a8 Y7 74/‘P(lntrOSpectlon) APIE ARgsto] 22 AR M HaaHEE
AW, 229 __doc_ oJEFHEE AIEF] EAEHS IS 5 JFUTh

tp_methods B o] &3 w}7HA 2, name gho] NULL S Al Bl gH550] F 2 3h T,

oflt
e

JEFHE B

298] 517] 913l chars WA T o] 7)o A o] Al Th; name W7} W4o] & o] QIE 5 o]
Pyobject* M4 18] f AT Aol AL o A AL A9 W A Ast ERHO 2 g
o] 220 F71El WE ADLe ALAA FHUTh A7 G4t TEHE B A
gafof STk, oS ok A o T 5 A ATk

tp_getattr A g 7] AAo o] ERE 237} 2w SEHYUTE Fe29 _ _getattr_ () WA
N EHE AR 22 A TEg th

ol ke 2Rtk

5

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= FHP 2 A2EHAY _setattr yolu__delattr_ ]/\1‘:7]-§§ o =
AUtk o EYFEE A oF e, Al ™ HUH7H NULL°] AUt tha2 T3] o9 & 2 A 7=
o oUt}; o] Aol Az of @ Ho| Aat= A a}t&,tp setattr #] 2] 7]+ NULLZ A A= o] of i 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 2]7|= 827t B8 o SESHUch __1t_ () 22 FHES A WA =of sl et
H, PyObject_RichCompare () £ PyObject_RichCompareBool () o] &A=

o] &= F WY ol A&} AMAE JAAE AME St T EH U o 714 A4AFA}= Py_EQ, Py_NE,
Py_LE, Py_GT,Py_LT X Py_GT ¥ st Utk AR H AAAE F AAE vla st vlao] 453t
Py_TrueY Py _FalseE, 7} FAH A gkgkom ohE A v]u WA EE A =3

W& Py_NotImplementedE, ol 2] 7} A A% ¥ NULLES ¥FE3] oF gFu T}

YR zelEle] 277 2o priu Eeks HolH o] te A4S TAL ohe B th

=

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

PyObject *result;

int ¢, sizel, size2;

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

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

switch (op) {

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

}

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

return result;

235 A Zz28Z 3¢

gol M2 st 24 22 EF S ALFULH o] H g AHH o]~ E ALY Bl Al E = A A QL
o] 2 1= abstractof] A= o] YFUTh

ol F4 AEF ol & F v Fpol i 7 T 37101] BAYHAdsUTh 53], <A W LA EL 2
EEFS ASEE go]H Y dRAFUTE ThE 22 EF-2 Albo] Aol et 7k 5 UTh 3 739
ole] Agl7] Feo o] &= 22 EF F9, oA 4;59—0 8 AR} BRI AEA e 7] B2o

rlr

Aols gy A 22 wg0) 49 2 G AAo 27 G50 gov), G%o) 25 Az ele 7}
SFQ1shoF e LhEE el W= 4R E Uk (Bel 1 v 3% grol wuirel ohd & e A o

Utk Sl I1E €32 fZHaUrE‘rWC%’S@%‘—’F%W“P% = o138 A A A L%S_—’F%l%qu}.)

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

3 PyNumberMethods,

AR A 2, ADs wE 0E ANAY FEHED c
Tz F4E MAGUT o T2

=
o
PySequenceMethods =+ PyMappingMethods& 2+ 3
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hashfunc tp_hash;

o2 2ol AlFst7| = A FPrid, o] e vl ol H o g o] o 3l
< gt o

:Onl_-’z

A 5418 whEksh of g o The

static Py_hash_t
newdatatype_hash (newdatatypeobject *obj)
{

Py_hash_t result;

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

return result;

Py_hash_t¥ Z &0 ulgt W= uo B35 9= A5 P YUt tp_hashoA -1& ¥i3tetd o2l &
FAIEA, 919k o] S A] Al kel AT S ) vHEEA] ?%E% o] 8fl of &yt

ternaryfunc tp_call;

O

"

| e doldi Yy Axdart“a&7d of SEHUth o & 59, obj19] EﬂOlEﬁéﬂ A AaE oy
gho] M AT HE objl ('hello") 7} 28] oW tp call A 7|7t SE&H YT

o] §i Al MO ARHE AT T
L self = E&] el dlol 8 9] 1ot agyeh £F0] objl ('hello’) oW, self = obi1 YU Th

2. argse T2 T AAE 8= FEJU T PyArg_ParseTuple () & AHESto] AAE 5T

& g%tk
3. kwdst AYE NS Axte gAY Uk o Z0] NuLLe] oh X AN E AE A A5H

%

PyArg_ParseTupleAndKeywords () & AF& 51 QxS FEFAAIL. 7Y QARE A UFA
031 o] 2] NULLe] bl B, 71912 9147} 2| €5] 4] Stk Bl A A8 A TypeError & 244 7]
AA L

Fd7tp_call +AL 23 25 UTh

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;

ol gt olHE ol 2 EF A WS AUtk F A ZF A

HAE At A F2E wha gk ole7h sk, o9 zéﬁ} NULLS RE&sof Ut tp_iter

Lgold __iter_ () WA T %3t tp_iternextE Fto] W _ next_ () WA=l g3t

BE ole[e & AA£ ol H e ol 6 AA S W&l of 3h= tp_iter A 271 € F@ oF AUt a2 oA

ZPgrdz BLEE ZE HAYT}:

- o] A S ol H e HE AN S Ut BAACIY JAER FE)Y PP, tp_iterE TFF
wjuket A o] B &l o] B 7} wbE o] A 3L WhES of oF gyt

g ol ol e HAL o7 Q) AAE= AAE

& A5y - mebM tp_iternext A2V E 7

53] shpo) o) W4, EEEE

jat

il

EE olHdolH AA = tp_iter®ttp_iternextE RF F A of Ttk o|H e o]E 9] tp_iter AT

71 olH e olBof thet Mz FxE whsf of Utk tp_iternext A 2| 7]= oJH o] thE AA|
(SIERRl) ol B8 A 3-8 whka) oF LI, o] e ol 1 o] 2ol o, tp_iternext & 9] E A4
171 NULLS ¥H35H A L, NULLS WHEsh= Ao &) stopIterationS AAE 4 5T} o9 & 935}
H Ao 7 EAAE 5 s U AA o7 AYSHE, tp_iternextE 5"“’ Oﬂﬂ £ A3}, NULLS

weks] o Ty,

A9 o B2 PR BE S Shbe Aol T8 AN (HY £l B $IHE WA A
2E go| ke A2 WAUZ FAT £ RS e AU

weakref 2EO| tjet A A.
AR 7} kA A2 4 o, B ol F A 49e S A of Fick:
25 3
=]

1. okt F2 W AUS A8 C AA Ao pyObject* I
NULLE @A Folof FUTH (7] & tp_allocg A& uf
o o}

2. e ZelE b ol B o] duasha 5 s
CAH F2ANA Aol A A7 BEo] oz

H
TAHCE, a2 25 LERZ A} A F2AE FFst= FH AU h

I

¢

B

¢

ﬂd
)

typedef struct {

PyObject_HEAD

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

283 AR os AR § AR e S W

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

T8t 271 A =7 NULLe] o} Y™ tp_dealloc©] (PyObject_ClearWeakRefs () & T&319))
BEE S AZRE A IV Jvk= A YUt
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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 F7}1 A<

A elolEl o] 4 M A =S A HHS B2 H W, CPyhon 22 TES A L. Objects U] HE
] tp_o] A3k 7152 B3 2 (]2 Eol, tp_richcompare) < A5

i)
f
o,
o
o of
v
o |
Qo
B>
[>
X
e
=2
S.

o
=
AA7F 78 FA B A A2H AU A s oF 34, PyObject _TypeCheck () &8 AR 8HI Al 2.
2
=)

A ole vt 2

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

¥

o B
CPython 22 | AE &2 E314 A Q. https://www.python.org/downloads/source/

GitHub 2] CPython Z 2 A & CPython £ F T 7} 7| ¥ g &= 3L, https://github.com/python/cpython

CPython®] C &4 273t T4+ & MR W+ FF el B g JuUnt (o & 591, Bl52+ .so, dEFE
pyd).

QEE T4 g0 2w, 4 hol Heje) 7} pyrHONEATHO| o]0} 518, BE o B8 W} AR AR B

oA ol HU e} distutils & A2 51, 2HFE 91 o] Eo] 2kE 0 2 A E T

2718 goe e 2 4TS 2y

PyObject* PyInit_modulename (void)

A3 27)1819 BE oy PyModuleDef A A S whakghi o) 2A| 8k )-8 initializing-modules & 3%

SHAl L.

AKME%QEMQM%%ﬂﬂEﬁﬂ%%@HﬂoﬁoPﬂMI<mmMmm@ﬂﬂ%ﬂqq0W]

A <modulename>g EEQ o] 2 F X &% t}. multi-phase-initialization & A}-& & w] ASCII 7} o} d B &

o] o] F&H Yt} o] A%, 273} & o] 5L PyInitU_<modulename>9| ¥ <modulename>2 1}o] 4

] punycode A7 F & °] :’%‘5]5’— sto] 25 LEE A Fuch Fho]x o A

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 275 §58 Ao ste] Y T4 eolnel ol A e RES R 5 AUk 2o}, 052
QEE stelwl A2 Pt SR B AEHE Aok FUTE ARAOE 3 o] Fof P
el A 7] WA U Tk A4 8 8-S PEP 4899 3k eho] B el glo] of o] HE B 22 5HAIA 2.

2.4.1 distutils 2 C2} C++ A W & 35}7]
& 252 goldel 23 distutils & AFE St A= 4 55Ut distutils 7F vRol v 2] 3 7] 2] o] A =
517 W Fof|, AL A= TS A X517 95 o & o} distutils 7} 2 2 342 = k5 U th

=
distutils 947] 2] of &= Eefolw] 22 Y= setup.py7t Eo] YFUTh o] 2L B sl A s o, h &
2 7heka 4ol ol @ Ayt

D) _lifi
JH
=

from distutils.core import setup, Extension

modulel = Extension('demo',
sources = ['demo.c'])

setup (name = 'PackageName',
version = '1.0",
description = 'This is a demo package',
ext_modules = [modulel])

°] setup.py 9 9% demo.c® T A Y3

python setup.py build

demo.cE FA3AstL, build YA H g o demozte B4 RES A4 FUTH A" mhe}, 25 9td -2
build/lib.system 3t T & E o] E0] 7}, demo.soW demo.pyds} 2 o] 2L 7148 4 95Ut

setup.pyolAl, BE AL setup F42 TE3to] 2HH U o] AL thoFsl 7] 9 = 0l 2= ulolE Q)Y
th 99 Ao A= —‘T'— AR A F o2, o] o= H 7| A E A EFLHT] HEPUﬂF/]' AHEE A st
-’Hﬂﬂ«] e AAT YUY ditd oz, 7] A & FfolH &aA BE, A, AR 37X 534 T2 5 7]’

E 9| 4“5}%‘ Yt} distutils 2] 7] %-of tf) 3 2}A| 8F W] 82 distutils-index 2] distutils A YA E ZF=Z3 ;
2 Oﬂ/ﬂ =G EES U= AT AYFEYh

EgtolH] 2T HEE O & 723517 930, setup () ol hek JAAE v 2] A4kt 2 o] °1HM4?;141:} 19
of| of| A, setup () :}ext modules A=A 259 g2EW, Zt EEL2 Extensiond I2EHAQ
Uttt o] oo A, A B A= T 22 351 demo. c & HIFY L] W ESH= demogh= E4-E F o )
Be 4%, 8 WSS AL O BAFULH ks, 14

% 97 W21, o) ofaloll A] o Al g .

_,r[

Zs
A)
tl

-
o

from distutils.core import setup, Extension

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

(TH& ST Aol A1)
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(o] A sl o] A A M A%)

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

v
4

ext_modules = [modulell])
o] of|of|A], setup () & F7HEt AR E SE5 1, w2 7| A& D=l of & wff AFH Ut &7 2pA] ol
sl A=, A 2] 7] ZH JAEF= v He, gelBeje] gy 3 golBef 2] & AZ Ut Ao d el
of AYFILE AE Bol, §U2olAe

w2}, distutils= o] AR E th oz Axd
AslY Wl oz o]0 A 4 &Y}

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] 22 oA FA Y E YUtk distutils A-§-A}+= distutils 7} ZHFE A & & gkl Wo of g Th

=
L .
HEAEAL RE RES XS AS Aol T, T

’python setup.py install

BE B AR £ 714 S A oF Itk T, o 9 A AP FUTh

’python setup.py sdist

wjoll whe}, 271 9t & ax v Zojl LS| oF FUT}; o] FY-2 MANIFEST.in 912 53 =3 F U
ZFA] 8 W &2 manifest
Bl 2 e R d, ek vhel g Wl X e vhE 5 s U tth SEFl e o] & 96
D}—"T‘Eﬂvdb‘r—@ T syt

frt
ﬂ?ﬁ
PN
ol
>
>,
[-o

QDIW
% e,
y
_\'ﬂ

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

2.5 A5 A Ce C++ A Wl =3}

o] Zo]| A = Microsoft Visual C++ 3 A&-3to] gho] W & A5 L 34 R 52 whte = v S 7heks| AW s,
o] g 259 Z-5 WA of th 3k Ko} 2hA| & 6 A @E% Algduch A% A5+ ol &2 dE=dth=
He = ﬂET iilfﬂ ™ o}y 29} 2l ‘:-?— EFoM dedoez de & 5 Qe axES ] Al
HAol Qe s 220 EFoA F8 It

BE AR &4 RES YE=stet o] AdolA Ashe 2 thAl distutils 2 A S AHE S A o] 5
Utk stol S WEsh= v AHEH C FAopd 27 04 A3 23 o) B % Microsoft Visual C++?Jl/]D}
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2.5.3 DLL-& A A| & A}-&3}7]

Y =% FFo] #2 Microsoft Visual C++ 2 L == Y5yt o2 AL HE AFEe= 22 588 = 3
JgA de TR dFsUHEANEE He A Z2A). o] Ao yw A &2 MSVC++of| ¥ o F ot
Az 01]/H DLLZ %<& o, pythonXY.libE ® 7ol AesfoF gt + 7} 2] DLL, spam 3 (spaml| 3=
CRFE SIS WA T, the BI L AT+ Atk

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

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

A A FPe A A FHAE WS &L T span. b3, spam.dll Bl span. 1ib. Span.dl1 ¥ ol A
4 (7H PyArg_ParseTuple ())& Z33HA] A Th pythonXY.lib §2ol sto| ¥ Z =& = {2
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38 A, void _declspec (dllexport) initspam(void) Y} PyObject _declspec (dllexport)
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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_DecodeLocale(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;

gtolB e glo st AR E AdH zZ e e oA &l 7] Al
Py Initialize() Rt} BA TE&FH oo FdYrth 3o 2, gto] A ZH+E Py_Initialize()
2 27189 3, R A S A5k stE t

3 Z eyt A Z2 I e stol A
A2THEE UL A2 (ote 92E A7) 29, 5 Huo]x) ol A 7kA & ¢ AUt 3Y
oAl sto]lW IEE I+ 212 PyRun_SimpleFile () & AHESHH o & &+ e, ¥R 10
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HARAT, olE W8 EA S Aol 2 Ao The B 437 A9 Desl wBAY e §AU A
Ae FuolE W ko] TFehE 2UAYTh S4B W ECFUL TE5a, WAL Wl o4 2EL

TEFUC

o] ol A shol el 4 C2 o o] B 2 A&HsHE ¥ 3 1 Wl = bl o] B & A 8she ol #a) A= 41
S QT £ T 32 $ulE A8 olel § BhEE A8 olsfeT Arkn Ak olel e Sde
Aol eE e Ash e oo old Bl AL AUE BLT 4 9%t
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2o T ol A gh7dol, shol A A m el El ojZelA ol A A AT A 5A AHUTHEA T oh
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#define PY _SSIZE_T CLEAN
#include <Python.h>

int

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

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

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

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

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

if (pModule != NULL) {
pFunc = PyObject_GetAttrString(pModule, argv[2]);
/* pFunc 1s a new reference */

if (pFunc && PyCallable_Check (pFunc)) {
pArgs = PyTuple_New(argc - 3);
for (i = 0; i < argc - 3; ++1i) {
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) ;

(TH& ST Aol A1)
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(o] A sl o] A A M A%)

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;

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

return O;

-~

O

| 7= argy 1] 8 A8 5] ol d £AYEE 22T, argy(2] A4 B
AAE arav A1 9SO GHE VT of 22T E 25 A5 T (2
BEAT, BT 22 shold A EE AY sk ol A Tt

A sE2d Ut A
# 28 callolgty

Q

def multiply(a,b):

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

2w A3 The 3 otk T Th:

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

22290l 5T 4T 2 Bl AW B8 22 ol 43 C Aols) olE WE ol 2 A
AQUT) shol A AT BAE SR RS Oe AT Adgn

Py_Initialize();

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

EZ P HE 27|33 &, AT YPE = PyImport_Import () & AFE3lo] ZE=H YT} o] £ EH L QA Z
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glo] W EXF-E QF3=4|, PyUnicode_FromString () HlolE] W3 FH & AL-&3}o] FAAE YLt

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

if (pFunc && PyCallable_Check (pFunc)) {

}
Py_XDECREF (pFunc) ;

Qg 2agEst 2EgY, 997 23 e ol .k
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pValue = PyObject_CallObject (pFunc, pArgs);

427} WA W, praluets NULLO AU B4 B8 gtol B @ 222 ERPUT. RS AEF F B2 T
A3 oF g ok

3.1.4 U ZH sho] A& B35}

2274 WA shold Qe Bl ofZ Ao 4 A9 7)ol QA AT 5 Gl Th 3ol 4 APLE
WgE dHZHE AFFOLA o AL HEPUTh =, WY AezelHE 38 =2 IR AT
sle=vow STk BatepA SN, 194 ymAE gtk BA S8 2230l sol 4l
AL E 5 AT AL dolmel AN L. U4, 8 22 1de An 28] Ao r Brsha, du
shol W BAS A sl AA T ol Aol A o F 2Ho] AN 2T 5 YES Ad REES AN 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) ;

3. he -8 222 Yo] shold WYt po
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b
fof
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o
ol
Sl

A ZEEmain () T vtE Yo FYSFHAI L. T3 Py_Initialize () ol o
AL ol 5l A .

numargs = argc;
PyImport_AppendInittab ("emb", &PyInit_emb);

O

l F €2 numargs M4E £7]3}48131, emb . numargs () 55 WH Sto| A A Z | E 7 AN AT 4=
AEE HsUth ol &S 59, JolH A3 HdEE= S T2 AHFS T3 = A5t

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

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

3.1.5 C++2 3}o] % U73}7]

ol Co+ L2 0 Y3k 215 7hs ot o] A o] of 91| 3= =
Aol 2 lauth AW o2 C++2 v 22 I3 ZA Skl C+ 7
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A5 P 28 oF Ttk Crr ALETFO] kol A A THA
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| E3] sho]fo] Al Al F2H C 54 HA(.s0 3 07 TAH ho] Hee)
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JE Zowd, A dx9 dF = AAH pythonx.Y-config ATHEE
p3-config A2YEE AHE b5 T 4 AR UITh o) 22U =l o1 410
L oy B AAH §L3 AT}

* pythonX.Y-config —-cflagst A3 S o] A% FH1E AFFUch:
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$ /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+ ¥3 Y A% A1 E AT}

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

Fa: o ol A 7k (53] AlA" Fhol R o] gl Fo] A Autd st upo] A 7he]) E2Hg 3] 5t W,
H-/] O‘ﬂﬂ' Zo] pythonX.Y-config?] A A2 E AL3= Aol =S5 U

ol a7t A ES 8l et et (RE FY2AE SR FNA Zsstes A2 B4 A d5Uth
SHAIRE W I B E -ﬂoﬂ?ﬁ‘%‘:}) T4 g3 A AIAFY AHAE = A/ o) FFo] M Makefiled}
(ZYAE oW sysconfig.get_makefile_filename () S AFRSAAI L) ASY S-S AA oF
gyt oluf, sysconfig BRE-2 o]0l Z@stel+ 74 ghs 222 W WA o2 55k o {83

=Ryt ol & Bl
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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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o4
>>> 1319 4] )8 stol W mExE. AHzel oA P Oor AP + it L oA A5 2 5
91Utk
e 2 AEL el 2

* Ellipsis LH S AF,

2to3 :4- ]5“4 ZXE’_‘:E 34- ] X ZEZ W3lslE 3 A =3}
o

2103 = % &E a}o] H Emoﬂ/ﬂ lib2to3 2 AlZE UL EH Ao g A3 ¢ = 2T HEE Tools/
scripts/2to3 & A& Ut} 2to3-reference S H A Q.

abstract base class (34 Ho] & Fe|2) FAH o)A~ FEAEhasattr () Z2 T2 HAIAYE9] 5446]-741/]—
B HA ZEE (& 0, A MM E) A, AEHA o] A E HY st HS AT T o =N o Elo]
= B3t ABCE= 7 Al B %\“ﬂ’\i T st=dl, FHEE ASHA o t'I‘/‘LAisinst<‘:mce 0
2} issubclass () o o3l ZAE 5 Y= FHAE YU abe BE ABAE HA Q. sho| o=
2 YA ABC ol et =d th2d 22 AE o] 5 Yt} A8 F X (collections.abe E’_‘%‘ﬂ]/ﬂ),
=<2} (numbers E’_‘Eoﬂf\‘]) 2ETY (10 ZEYA]), 9T E 329 21 (importlib.abc BEEA]).
abc BES AMSSIA] A2 RHY] ABCE BHE 5 Y th

annotation (o] =H|o]A) TF wel & SIE 2 AMEHE Wy, FH2AEIYHE T+ T i AHs
Wk 7k A A9 glo] B Yyt

Ao W) o o] 42 AW Azl AAAE 5 GAT A WA, Tl 54 2 G oo
AL A7 2E, Zd 2, 49 _ annotations_  EF oJEZHEN AAFAF Ut}
o] 715-& A et M4 o] H o] A, T4 ol E] o] 4, PEP 484, PEP 5262 F2 314

o 719 = AR} (keyword argument): T4 S& W] A H 27} GFof] B2 A} (o] & £, name=) & **
£ ol B AR AGE = AR} oAl E 50, b3 22 complex () E&04 3345 &
RF 7195 AR YT
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complex (real=3, imag=>5)
complex (**{'real': 3, 'imag': 5})

o A X] Q1 A} (positional argument): 7] = 21 d AAE A A AAE2 ?_]Z]'% o gl e
A olEle 2 o goll * & Eo] A2+ dFUth & &, A 2L TS/ 3 %5 =
= 9% Axd o,

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

QA 4 el o] o] F B2 Ao WMol thd P th o tHedol 485 & 7 Sl AL
EMML%%ﬁ&iﬂﬁﬁﬁﬁﬂﬂﬂﬂiM£%¢-%ﬂﬁ%?ﬂﬂﬁﬂﬂﬂ%?ﬂﬂ%%qw

o1z el w7l il F5 I FAQ A& RS wi M= 2] Apo] 9} PEP 362% H A 2.

asynchronous context manager (W] %57] A& A€ #A2|2}) _ aenter_ () & __aexit_ () HIAEZE A9
3O 2 M async with oA H ]% A& Aolsl= AA. PEP 4922 = Y= Sls5 14‘_/}-
asynchronous generator (8] 7] Al g o|€]) v]5 7] A& o] o]E & o8 & 85+ T async def

EAYHE=IFZH T HH Hol=t,async for FEVIAIRL T T A= dHY FES UEE=vield
294 ¢ EPahe Aol e

B3 w57 Aol e g 7He] 71 AR o ® ol A= v 7] Al ol g oElal ol & 7Hel 3
Utk o £ 8k o u] 7} B abeln] L A9, AR Ro]2 N S S QAL

B]% 7] AlF @ o)y &4+ await EAAT, asyne for 3} asyne with & 288 4 54}
asynchronous generator iterator (B]% 7] AU & o] €] o]e]&|o]€]) v]5 7] Ay o g 71 vt A A,

B8] e elo)E Al _anext__() & FESW AslolelE AN E EAFIL, ol AL ThEvield
FHA] 742 vl 5 7] AV d ol B g4 vt s AT

Zyieldt AAHOE HPE U, 1 9A (A MLER 7] FAuy-BES TFsH) A3
)

JHE 719 H]Eﬂ Ae ol e olE & o] E] 7} __anext__ () 7k B8 F& E 3] of 9l o H
EZ AQMEE, gt 2oz Bt} PEP 4928} PEP 5255 H A Q.

asynchronous iterable (W] 5 7] o|E] 2] &) async for oA AF2E 4 A= AA. _ aiter_ () WA EE
H|5 7] olHdl o8 & =& f oF Futh PEP 492 2 =95 Q5T

asynchronous iterator (W] 5 7] o]e]g|o]¥]) __aiter_ () & _ _anext_ () HIANEE F = AA.
__anext__ =09 olEHE AA S =& F o} i,h/]r/]— async for+ StopAsyncIteration o &7}
U wf7-A] v F 7] olE#EolE el __anext_ () WAEZF EEHFE odlolHES Stk PEP

4927 =H S Th

attribute () 2] HE) FEAA L ALEoE ol 2O BEH & Aok AR ZL oI B Sol, A7 o7} ol =
YHE aE 7MY, 00X F2FUth

awaitable (O] 9] 0]E] &) await A4 AEE 4 Sl= A, ZFE oJv __await_ () HINEE 7HA
2AA7FE 4 A5 YTh PEP 4928 H A 2.

BDFL #}H]| 2 - 541 52| 2} (Benevolent Dictator For Life), & Guido van Rossum, 3}o] %1 9] ZFA] 2},

binary file (u}o] Y] 5}) V| EL{F AA =S JL &
2 X ("rb', 'wb' ¥ 'rb+") 2 E¥ 11Y,
BytesIO & gzip.GzipFile & A~EHAE
str AAE QT £ 4 At L AR o] AN L B4 5 £ B A L.

bytes-like object (B} o] E &5 ZAA)]) bufferobjects & A D3t C-A<5 HHE 22X E 8 4 9)
ZE memoryview A =

=2 53291 bytes, bytearray, array.arra
NEAR AAEL vpo] ] FlolE B Tt 017 7hA] AArE) A8E
Sz A AAL B A% 2S ASe] 95T

=
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)
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52 w01y HlolEl 7 /hE A Y R} 9k o] d Aol AWAE BF Y227 vl
= AA7e E?ﬂ?{}qq— 71 ¥ H AA 9 d|2=bytearray &bytearray & memoryview

LT AArE 2 vtely g ol B 7 B AR (“¢) 7] A& Hiel ELF AA) ol A BEH =S
THUL o] A5 A= bytesbytes AA| S memoryview 7} F YT

bytecode (H}°o] E F &) E]-O]’%‘j AA FEE HOlE FEE Al E =], CPython QE Z g Ef oA I}o]
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Poz FFasFolof FUh ol & Sof, 2:F 3+4.5 3= Al £

5 +4.5.
complex number (% 45 )< 8 415 A |, BE A7t A5 R 350 GOz FHYY
Hos g A5l S A (1o AFDE FU A, $F FAAAL A2, FAAAL 52
o FA BPES AL a5 R AAFGUTH ASEE ) AUAES EolA
o], 3+13. math BES H4% W0 BL W, cnath® A§FL Tk B ase
+27 715 QU ARETT 2714 ZR0, Ag] S48 ZASE Fwc

Lilx}) __enter__ () i}_exit_o HAEE ZYTFoZM with oA B

>
)
o
ot
T
O
fnj

L
:;
j‘:_l‘
o

[/
oo N, N °
flo o ok

contex

-~
g
o
=
S
g
@
=

) A o TS 0 A 1 W ol A8 e el

Ut e =28 A sl W R, A4

£7} 908 5 glow AYAE Wae] # S5 e A4 WE 7 HaTolA
ontextvars— ZAZ3AA L.

context variable (31 €l

99 e de e

ol
v
=
aJ
T
[>
[m
29
>
i
offt
f:'l—""
o
i
1o

i) 1rn
L
Jm -l> rE

O - N
do e WY

210 g oy 12
L T

2= (C-contiguous)©) A} £ E 2 A< (Fortran contiguous)Q o] A< o] 8k1
01““—0]“‘“1 ZEH ALY dAA mj Dol A, FEE2 A2l AHTH
AE 2] EAHE v B ] of v x| = of oF Tt thA}d C-A % vl Dol A,
W e 20 52 UET ) oA % A 2ol 4w MU AW, EEW A4
A 3 b7 whe Wb o,
coroutine (L F¥l) I FH-2 A HEE 9 °‘HP§‘r-‘4 fﬂEH‘?JHE} ANBFEL S A QoA sl ohE
Z]Z“ﬂ/ﬂ gEFUch ZFEL2 A8 b AfoA I Ydeta, d=sta, AT 5 dsUth o] A5
async def 2o g 71T ﬂéql’/} PEP 4925 Ekﬂ,u_

rlr
o G

o ARt}

AL, 0014 A1

‘
-

,4
_(?L
rr
r4>

b ol g

[o}

12
‘Z J}E

iy
22

o

f

2

=
coroutine function (Z.5-€l 3t42) FFEl AAE SHF =34, ZFE 4L
1, await & async forQtasync with 7|HEE £33 4= Q5T o] A 5L PEP 492 o 2] 3]

=g sk

CPython 3}o]% =& 72

el old], python.orgol] A B} £ Yt} o] &L Jython o]}
IronPython ¥} 22 T} & 7

=y 7} & wf 8o “CPython” ©] 7\}%5‘ Ytk
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Hzeole By U Hel BUY BT B T B4 At dugo R F5

def f£(...):

f = staticmethod (f)

@staticmethod

def f(...):

22Nl 2ol = A A vE & 2k 2 Q)Y Th vl Z g o] Bl of] T §F B ARA S W82 T B 9
o} 2ol Aol o HuAE B gy

descriptor (CJ A3 HE]) WA= _ _get_ () oJY__set_ () o]Y__delete_ ()& AHo3t= A A. 9
2 EFREZIYU2AIHE Y w, 01 ﬂﬂezﬂ%_ga‘g@g@z}%g 0107:31/]"/]' BE, absE A
O, 2270k AR S o) AL, ag] 2ol s © AU 2ol 4 b Bh o £ Rel 7l AAE Rt ST
b E A AU B2 Y A S S 2 22T S el5 s e el o
st 242 olafi o] 4l 3, WA E, ZEHE, FHAHAE, 2B EH WA E, 75 S FX
Y B2 759 7128 ol Fa Q7 dE Y YT

U HE S WX =50l thd ZFA| & W-§-2 descriptors of] U3 U -

dictionary (94 2]) 999 71& Lol &A1 71+ AF wi & (associative array). 7]+ __hash_ () £
_eq__ () HANEE ZE B AA7E 5 dsuth BolA Al g 5 h

dictionary comprehension A compact way to process all or part of the elements in an iterable and return a dictionary
with the results. results = {n: n ** 2 for n in range (10) } generates a dictionary containing
key n mapped to value n ** 2. See comprehensions.

dictionaryview GAYE B dict.keys() dict.values (), dict.items () WA E7} B8 FE= A A
=< 944 H va‘r FEUh oA D"#Lﬂﬂ eS| \‘Hfﬂ FAA FE AFst=dl, 9A
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file object (2] A SH3 Ao i3] 52 A G API(read () Fwrite ) 2L WAEE)E S
A3, W5 A el el 5k AR WA 23 A ol the A A 54 3 (o2
Sof, £5 458, Q- el W3, 24, shol =, 55)0) tf & AH A8 FAT 5 AFIch Y A

= A F AA (file-like objects)} 2~E 2 (streams) ©]| 2Bt = & H L Th

ARz E A 2R 5D AR Sl gtk Faw) Hhol 1 2] 54, 93] (buffered) H0] U ) 5}
9E 519 059 AHF ol At o RENA B Y ANE BEE FEAA YL
open () W& 22 A YT

=
file-like object (3} 7 AA]) v} 24 o] v] 8T
finder (3}Qlt]) JXEL BES st = & oy A =3+= A

lo] M 3.3, o] 7 = Z=0] ol s} Q %14 t}: sys.meta_path &} A AFR 3= W E}F 4 2 3kl T
¢} sys.path_hooks 3 A AL&-3F= A =2 A Eg kY.

©] ZFA $F U182 PEP 302, PEP 420, PEP 451 o] U84t}

floor division (5= Vi) 714 77k A4 E W ot 84 Al A Al A4 A= // ok dE
Eol, AN 11 // 49 gL 27k AA W, A% 22,758 FAFUCR (-11) // 47F-2.75
E WE & -30] ol FY35oF Futh PEP 2382 H A 8.

function (25 &= Aol 7 01"3 s EYTE %]_‘1‘]4 TS AU T ol At AgE 5 =,
Hho) o] Aldlof Ab2E 4= Q&) v ] B 9 A= Q}function AT BA L

function annotation (= o] €] o] A) &= v 7| = HbEk ghe] of i H| o] A
T oieH ol dE Ut o R 3 S E E ARGEHUTH: & E9, o]l ¥+ F Y int AAE Ho}
= 031 Ao 7I0E a1, FAo int W18 S & Ao g 7Ig U

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

S o i H| o] A 2 2 function Z ol A AW g T}

o] 7]%5& Ayl W o] oH o] A I} PEP 4845 H 234 8.
_future_ Z 2w 7 A ez ST A b= A Adof 7]

i) =

a 5.

__future_ EES 9XESU I AFLEY gEs Tl A 7lsol Al Aoz dojol 371+
3L, AAFE 22 ] 7120 H =4 & 5 dFUTh

ol
rr

M

off

52 BHRT S Y= 3

o

>>> import __ future_
>>> _ future_ .division
_Feature((2, 2, 0, 'alpha', 2), (3, 0, 0, 'alpha', 0), 8192)

garbage collection (7}9] #] -,—71) o AL E A k= w2 e E vhdEls F
&S AAA B 5 Je =& 7HIA £771E S 7
gc BES AMESlA Alofd 4 sy
E

generator (A U@ o] €]) AU olE olEldEolH & EeFE= T
BEL yield R84S AT Fo| thEUTH o] 7
3 ol 3hubA A S Qg o
HE AU o g a2 71g] 7] A v, o] | Ew o A= A d o gl ol Eld o 2 7}e]| Pt} o &8l
oju 7} B EEHA) g2 Aot GHT SN o TS At

generator iterator (A U] o] €] o]E]# o] ¥]) A& o] E T47) wte = A,

7 yield: AN HOE A S FBFL, T AXY (A A4ER 7] 9 ry-FES ZP3HE)
A AEE Gk Aol olgel ol 7} AAS W, w ¢ 2oz B G HE S A2

N Aae 49k o By oh.
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generator expression (A1 e o] €] FA4) ol ejel o] e & Felr e He 4. £ W2} WS B9 S for
Ak A b is Aol Fol B+ AN AN A BT AFF T L FH G
GEL s YU

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

o,

generic function (AW &) 22 A4S AZ 2 FE U] +dS o T2 AE T4 S W
ol T3] AFEE A= Hadx] g ol o3 24 H
A= a9 5] &o]F =3} functools.singledispatch () Bl Z# o] 6]} PEP 443% H M| 2.,
GIL A9 ¢lgzZe|H = & HA 8.

global interpreter lock (A< QlE]Z ] €] &) 3t Hoj © & 3l}te] A er)stol A Hlo]E & & AY3IE =2

HAAst7] 918 CPython A 22 7} /\}*‘lﬁ“ 1ﬂ UE. (dict$ 22 523 WAIES 233He)
AA o] FAHOR FA °“/‘ﬂ’\°ﬂ sl Fd e = ‘?}—goifﬂ CPython 7 & ©<=3HA W54 th
dejzeE AAE FIE A2 dH 22 HE D}%éfﬂ 3lot7] GA e A, v Z 2 A4 714

AT WE e e RS 54T ok

AT o B REEL, EF U AR BT, dFolu s 22 A4 kg
T2 AAE S YL =3 T/0E & v = A GILS L‘EL?ELWE]'-

i HE Z18) “ad T A 22 (free-threaded)”

;ao]x] _;1\6'11 Eﬂ %fﬂ.%o‘__} _;_Ez\ﬂ/q 7:1 0 o /\Jb

He 7o A oA Dol e vl 4 &

_Lz_\_zv
ﬂ—r’rO

hash-based pye (314] 71 pye) 348 28 547] 13 31 422 5] 5 54 A17b] ohd 1418 A
3l= vlo]lE F & FfA] 5} . pyc-invalidation2 3FZ 3}A Q.

hashable (3] 75) 71417} 220 3 2ol Wsh) e SR 23 (_hash__ () AIA=7L dagh,
= AA G ARD 5 QO (_eq () WASI BRI, A s sheka Fuick 2eka v

S £ S Zhs o AAE S AN LS Fofok T

Al b2 AAE 9 e e 71 A e W E AR 5 A sk, o] AR PRS0 R A
O =2 A S AHESH] dlE d y

EE slo] Mo B Y& AHEL A 7}—6114D};(E]£EI/}‘9|/€]L1?4% 2) 7Hd A ol &2

32387 FFUTE (FZ ol frozenset Z-2) B AH U ELS 159 8450 3|A] 7He T w vk s A
et AFEAF o] FElad] dAE A 7“xllt > 712 Aoz A ZHsF U (AH7] Al & Al €
Staly) BF v 2 vl A EH AL, A g id () 2 R E BEol Yt

F

IDLE 3}o] %18 #3538 72 37 (Integrated Development Environment). IDLE-2 3}o] 41 2] 32 & u)] 32 7o
wehe v 7249 WA Ish ez el e B U ok

immutable (B¥) 149 e e 4. 29 Axe 2L £A4E, FE2 2FHYUL o) AAE2 W
EER %‘A—EHD} A e Ast Al ARE WEolok T th MakA) ke 8 Al gkol glofof st
XA T2 TS FUh & E0l, 949 7).
import path (X = A=) J= /W A0lE] A JRE T BEE /) A3 GaASE FoE (Ex A2 s
o)) B2, QEE = B0k o] FLE] BEL BE sys.parh ZRE ST} 544 7 A B 7 7] 2]
A9 B A9 _patn_oEeHERNH & 2% J&UT
importing (Y2 ¥) 3t ZEY vto|H F =7 e REY Fho|H T =M A2 F I EF 3t E Ak

importer (£ E)) EES 271E 33 22 371 st A ; A 5l el ol 4 =] AR gy ch

interactive (1219 5}o] 21 & 39 Qe 2ol e & 27 gl e =2 E) =z =04 £ 93} H e
AT 9, 54 498 AHE 2 4 ke FQUT. 97 o] B4 pythond WA (
FES] Folieol 4 AHohe A% 7k @ 5 SIG U, A choltlel & A At AL Rt
Solthi e w9 38 3 AU th(help (x) & 7]

it X o
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interpreted (21| Z 2] €] =) vho]= S = At el o £A) ujeo] T T2 o] SAMA /)& FHA B, sho] AL
751 91of 7} obl e} Sl E = ﬂﬁﬁﬂddﬂ AL WAHOE A% AL WEA FIE, £
2 A AW 5 vk EQUh 1 22aY0] F ¥ A3 AR /)& AT, A ey
Qo] HE oo Aol nT} HE AN F718 25

o

interpreter shutdown (21 €] Z2]g] £ =
dot=dl, st o 7}Xl 8 ﬁ&
LS Al AV S R &
AIFA L = AF5UH 5 /\171
A5 e 2s 4
AezeE o FH AL
iterable (°]E] 2] &) WSS 3 Hof skt
o

2oy NB2 WS, dict 2

Bt __getitem_ () H|A]

=) m>~ L —;':‘ l:m
m&ﬂ“
l-N rr
FU[|'1
)
my o
flo iz
td o
F];T :ﬁ,‘ <,
g
i rg

—rzl“ﬂiﬂ ol HE drE R
, Y AA S, diter_ ()

g AA 5ol AT U

rlo
>
o o
Ir
> ﬂHN e
Q
S
td
4|
o
v
[>
lu
ot
L
>,
0%
Lrln o &

o > it ¢
o ) AnJ
=

I-ﬂ ol

fn m{n
mm

X (zip (), map (), )
“HS’-’“XHJ olEl g o] Bl &
th oJHHES AT o,
o}

al
AHe2 —/l:%)\ ‘4‘3} olHH & 7—]‘”4]7“411&3‘—? iter () o Q
=HFUH ]°]E1?—1]°]Ei“ #H=EY JJ %
HEZiter () & 2SsHAW, olH e olH AA &
= Al A Z}EOE—HTTHL FzE 5—%%?_ olE{ gl o] Bl & FolE ©
ol @l ol H, Al Ay dlolH & HAS.

iterator (o] E]@|o]E]) Hlo|E2] 2AEH S HHEE= AA. o|E B __next_ () HIAEENEFHo=T
AR 4 next () £ AT A= g 9E GEES AAYL Belgi o) o o
ALo] Hl ol B 71 91& wl &= th4l StopIteration & doziytt o] A A A, o|E @ oE AA|+=
A RAH 3, 0] 39 E_ __next__ () WA= E%E StopIteration o 2 & tA] o7 7wk gy o}
ol Bl &l o] ] = o] E &l o] E] A | XH\J% EHFE_iter_ () MINEE 7HE A o] 875 7] w7, o]
el o] 1 ol 2] Bol /1= 61 2 ol ]| RE & Wl Eol e 2ol 2ol A8 4 Aprloh

ZF8stoe = oy WY oH Y o]dE A=t ZEY YT (List Z-2) AH ol AA= iter ()

TR Xqﬂo}ﬂurfor z o Ab-gg ufjuict A o] H o] E] & THE U th o] Z1-& o] Ef & o] ¥ of] tf 3
Al et oL sk, Al o] H | o] ad o] AFEE o] m] &K o]H ol E FEF A, Wl AH YA H
HolA v Yth
typeiter ] B ZbA] & -&-0] 9l5Y

key function (7] ) 7] St == Z g o] A (collation) S+ A A (sorting) ©] L} ¥l & (ordering) o] A} &5 =
H= T 2HEAUTE o & 0], locale.strxfrm() S Z2AL S YA 2= HLE 7| &
REpups PIFREN po1
to] MY g E 7L A5 o] oA A Ao A AL Fol=A & Alofst7] f& 7] g welE Ut
o] ZAEo+=min(),max (), sorted(), list.sort (), heapg.merge (), heapg.nsmallest (),
heapg.nlargest (), itertools.groupby () °©] A& T}
7] 48 HEE dlE oy Bl dFsUTh & 0], str.lower () WAEE Ao & gl
ﬁﬁ°%§ﬂﬂ*i&%%¢%§ﬁﬂﬂWVUﬁéﬂ??%mmwlﬁNOEWCT+%%
o), o]& A JUth: lambda r: (r[0], rl[2]). &3 Operator BEL A AN 7 o *g”x}e
AlFgUth: attrgetter (), itemgetter (), methodcaller (). 7] &¢4& &L /\]——Qkﬁl— o]
tf) 3t o]  Sorting HOW TO & XA 2.

keyword argument (7] 9 & ¢z} <A} & H A Q.
lambda (§th 55 W] o) 7oA shis) 8 2 799 olF g Aok B4 g0} B v

1— 2 lambda [parameters]: expression ?4141‘/]-
LBYL -H 7] Aol Hg} (Look before you leap). ©] T A YL TZo|L} 23] £ 317 Aol A Ao g ALA
A=< AAE YT o] 2892 EAFP H2H A | 3, @2 if 79 S = S A Uh
Z 2dE oA, LBYL -2 “H 779 “H 7] ol A 202 wEA 2 AP dsUTh

ﬂ!I

F

T

=

—Yl PN
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o E E0], ZE if key in mapping: return mappinglkey] & FHAA} 29|, SFR 2 23] A,
o8 28 =7} keyE mappingol| Al Al ASHA A& = AFUth o] olfp& Fo| U EAFP 2=
Aoz AT+ AT,

m

list (2]222) W7 5ho] 4 A 2~ 1 o BO|E 27811, A4 o] )7 AA A O(1) o] 7] w o], 917 2l
(linked list) . t}= o} 2 o] o] v A} AU ok

list comprehension (2] A E 7 Z ¥] “_/9_) NP2 QA AR E=ARE XYty 1 2 E YAER 7
Z‘—7]—7=‘?5]-H]—E‘j result = ['{:#04x}'.format (x) for x in range(256) if x % 2 ==

= 00 4] 255 Atolof] Q= B4-E9 16X (0x..) 55 ETFo= vAEY B 2EE W Yrth if

B ANE 4 A% cIch AR, sange (256) 9 S LE B A2,

loader (2¢]) EES ZE5l= AA. load_module () o|8tE= o] &9 HAEE Ao gdYrt 2= &
E gy 71 E58= 1/]1;]— Z}AH| 3 U 82 PEP 302 E, =4 o] A Z 8 A = importlib.abe. Loader
£ HASQ.

magic method (W] & W] X =) S v A= o] u]F A A w23k

mapping (W] 3) 9]¢ 7] 23] & A Y33l Mapping ©| Y MutableMapping 74 o] ZEf o] 2| HH
HAEEL FTEFE= A o)y AA. d 2= dict, collections.defaultdict, collections.
OrderedDict, collections.Counter & & 4 ST

meta path finder (W€} 3 2 3}21t]) sys.meta_path & AN o] Z&F+= 31Qlr]. WE F & 3Rl 4=
Q=] shol o) 9 gas o] 971 kA e e vTh
HEl A2 37 FHE HAEE A= importlib.abe.MetaPathFinder & X ¥
U},

¢

metaclass (W€} 22 &) Se2o Sefn Fes He= S o) F, 2L 9H e, Hlo]x S 259
555 thayth Vg S AE o] Al AAE WMok ZEAE vE = HAdS AUk gif2 24
AFP Z2ae ™ Aojs2 712 7S A FUch spol g SHFA BtEE AL AL g S
2E whE 5 oke AUtk 2 AR Al A= o] =77 e 28 qlAwh 287t A3 ), viE
Zygrx BT S gHE 9] 2 7] (logging), 2~# = <FA A 9]

= 5
method (WA =) S HP‘/I Foll A B =3 I ] E
HAEE A HA A2 (BE self gt EAT) 2 AAHA AAE D5Uth o oF 575 ~5s
£ BEA L.
method resolution order (H| A= 2 £4) HIAE 24 £AE 238t S AHE A=)~ F
259 AP U 23 AR E Fho] A dE Z e o AME-H dae] &2 Al e W82 The Python
2.3 Method Resolution OrderZ X ¥ F Ut}
module (25) Jol¥ T =9 A3 T & Gt A RE2 499 o)A AA & E+ ol5 o<
ZrSUth BRE 2w dAjeof o3| J}O]ﬁQEEEQHE}.
|74 = HA K.
module spec (RF 2¥) REE 2 =34 AF < ¥
importlib.machinery.ModuleSpec & AAE A,
MRO WA E 24 4 & HAS.
mutable (Z7}H) 7FH A= ghol AT = AA T id () v A FAZULE 2H & HA Q.
named tuple (V] Y & 5 Z) “named tu 4
EE ARSI AEA T = Qs 840 AL T 4 9= BE FJo|uh Feael J&FH YTt oy
ELEH/\Oﬂ 2755 S+ U5
time.localtime () ¥ os.stat () 7} &3t 3HS 283te], o8 WA Fol V= FE2YUth =
T} & o= sys. float_lnfo?j Ut}

o
[=N
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>>> sys.float_info[l] # indexed access
1024

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

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

True

dEVIE FZ22 UAFAF S o) YUtk == tupled A A543 o] F EL2 =& A o3t
Qi 2o s Bo 2 S FES BE 5 AU, o2l FASE AF AHAAYG A= T
collectlons namedtuple () 2 W5 = JdFUTth T219] 7192 A H FAFJA Y UZ VL= F
ZolMe ge 7 e B 7HA UMM EE F7bsH & dd o
namespace (0|5 F7) W57} AH £ A4, o F B4 G T FAR U A FHE ol F T2
(MA = o A) Bk okt Ao, A, W o] F F3Fe] A5y Th ]%‘%"Z}% olF TE= HAA
REAS QUL g2 = ,f:’j’f,\—bulltll’ls open ¥} os.open () & 259 o] & F 7t 23
FUT 3, o] 8 F0L o H B Eo| Y E FANEAE R BEIA AEAT} FA
HE4Ao 288 =Yttt ]%%ﬂ,random seed () X+ itertools.islice() a1 2 1 3=
Eo] Z+Zt random ¥ itertools EE ) o3 3T ¢ 8 o] ¥ &3l U tt.

namespace package (°] =
Z 77 A = &g
D}% Ytk

2E X HASL.

t
B2 l71A) 22 AN B 7)) AE| o] 27 /%5 PEP 420 5 7] 4. o] &
Aol A7 Qe S = AW, 53] _init_.py shdo] omR A 574 she

nested scope (34 F ATZT) Eel 4 o)A WA S FRIE 5. o 8 Sol, ThE I el A B9
FP8 23zt EAoss 320 b

et T e HEES 2T S dsUTth
““ ?J = A] ‘i%ti}t Aol o) of gt A
U}XLWWE, A9 AsE2 49
gy

new-style class (;F 26t Ze|2) A FL RE Zela AA o AEH T Y= Foa
5. 2719 oA AN e, A F2gd FHaw
__getattribute_ (), FH;E AT, 2 E HA B9} 22 Ftol Mo A F
g4 AR UTH

object () A]) el (1EZREU g & 2t
2 o HF A A Wolx FefaduTh

package (3}7]#]) A B EEEo| v A7 AR AR 7| A&
7| A& _path_ AEFHEZ Y& ol ZEYYTh

A 9717 sk o] 2 B3 9714 = BAL.

parameter (W] 7| 7) b (£ WA E) B oA Ttk

oft

FEME) ol Fod &2

rln
n}
©
o,
H
=
td
rln
4r
[>
u
ne
iy
o)

e
30,
rr
ro,
>
kA
rlr
2
rg
oM,
o
rO
kY
gl_[g
et
B
o2

SRR SEATEVE S e M B
o 1 X]-71 9 = (positional- or—keyword): 9z oA U 7Y = oz 72 ALGE 2 Q)= ol = 2 AT T}
o] Aol 71& Fej o] mip A AU th A E &l kol Al foo &} bar:

’def func (foo, bar=None) :

» 9120208 (positional-only): 91X 2 AFD 5 At AAE AFFULh 93 AF AR E
5 Ao WANS BB/ EAE EFHL 1 H o) AT 5 AHUTh o E Fof Th el A

posonlyl 3} posonly2:

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

W

1=214 eyword-only): 719 E 20 AFE 4 Y= A2E AA L AA =04 o))
5 32) o) o7 G F oA ohol sfie] b A oA -8 o2 2 YA A o
01’\141:} dE 01 t}2-ol|l A kw_onlyl &} kw_only2:

—{> rlr

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

+ 71891 2 (var-posiional: (FI w55 0] 2] 5} A o] o] Wl o121 517 AAE o B3l A 52
e 91X RS Aol NA2E AT oA v RS B AS o] Bl + & e
2oIA 498 4 A% h oA E Fol TS0l A ags:

F

’def func (*args, **kwargs):

+ A E (rarkeyord: (SHE o 7) W55l 1A el o] obFel 2 9] = A5 Hl)
AZD 5 At 9 A5 AYE 1x}—~ ARG o A AR wh AL o] Fofl +x 2

ol B A HolE = A5 UTh Al g S0 A ool A kwargs.
e A A AAES S8 7| 2 g wk op gt A A o] At B4 AAES AR S 5 A5 Th

o1z 8o %] &5, Q1 x}Lo} wlj 7| H =9 x}po]of L} 2 = FAQ A&, inspect .Parameter Z a2, function
A, PEP 3625 XA

O
path entry (A2 NEZ]) 42 /)3 sholt] 7} YEE T REES 27] 93] Aok d = F2 g st
4.

path entry finder (3 2 QlE 8] 5}21t]) sys.path_hooks o] Y= ZHE(F, 42 ANEDZ F) o] ZHFE
Il A, FolA A2 dEE 2 RES ZFEUHE ¢ JAFYTH

AZ AQEZ FJodygEo] +HI}= HAEEL importlib.abc.PathEntryFinder o] Y34t}

path entry hook (4 2 E 8] F) sys.path_hook g AE JE=ZEAY, ER A2 dEz oA RES
Ze=lE dn dud d2 dEF 9y & E8F5Yh

path based finder (3 2 7|4 5}2lt]) 7|2 ve} 4 = Il & F 3, JdxE 4=
yrtt.

l

-
>
2]
i
o
B
fy

pathlike object (325 AA) 59 A28 422 Gl A7 425 A7 L A2 E I ser U
bytes ZBA| o] A} os.PathLike Z2 EZ S Fd3E AAYUT) os.PathLike T2 EF S XY
Sl= AA = os.fspath() FFTE SE A str Y bytes FL A|l2" A2 2 HIE 4 5T}
th4l os. fsdecode () & os.fsencode () & Z+Zt str U bytes 2345 ERF5l=0 A E &+ U5
Ut} PEP 5192 % 915 921 o).

PEP 3}o]# 7§41 A<t PEP& 3}o V‘* AFUEA ZEE AFsHA L ool M B I T2 A A E= 3170
e 2R 752 ABste A 4 dYth PEP= Al Qbd 7]5oll gt A3 7= AMS 2 2AE

Alza of gt

PEP= F8 MEL 7]5& AStsta EA A t3t AR UE 452 st sfo| o S0 44 2
@ggﬁ;@%ﬂ%@ﬂg]ﬂq%ﬂquwﬂﬂﬂ% FUE HellA gl & ¥rd1%ﬂ
JAE wAMst g Aol st

PEP 1 ZZ3IA 2

rl

portion (SE4) PEP 420 o 4| 42| 8 AA R, o] 27 371 Aol o]l A sl shte] Tl E elo] Sof 9l
Q5] A% @ip Lol AAH £ AT A5 Th.

positional argument ($] ] 212} Q1A & H A Q.

mmﬁmﬂMﬁ@@Aﬂ)@@AH&Eiﬂ]HHQAAHE
o} Qe o] 20 & WSt o e A = kA T, g A ﬂﬂﬂ
AT A S8 0] FAHA e dA o] Dojd
dojuAl &= s AUt —APIE 23817 Aol 1 5
dojd A g Uth
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provisional package (23 2] 7] x]) &4 API & BA L

Python 3000 (o] 3000) o] % 3.x w3 2kl End (WA 3] wj£71 1 ] 2fe] o] o7 | A D o] wHE0) 2
o] Eolt}) o] AL “Py3k” & £ 27 = Frth

Pythonic (3}o] The) THE Q1oj ol Qb ol AP S M3 ZES 7 5He T4l sho] A Qlojol
7H A% A5 o U4 EL kol mE it ofoltlofu} T 27t o & Fof, shol Mol A AT i
SIEYE for BE AEAN el 2ol L a3 QUTh THE B dojel o) Tl

R T Bl fong, stoldel 94%5HA] e AYE 57 -2 HE S E G

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

o 2B, shelAthe W £ ol g &t

for piece in food:
print (piece)

qualified name (% 77 3} € °l%) BEEo A adzox ZEo] Fold S, o, M= o2 AR
£ HojFE For 74 o] 5. PEP 3155 of| A oyt 25 Tk Sa 29 o, B2k
ol &2 A9 OlEJJrﬂ’\ o

>>> class C:
class D:
def meth (self):
pass
>>> C.__ _qualname___
YC’
>>> C.D.__qgualname___
'C.D'
>>> C.D.meth._qualname__
'C.D.meth'’
2ES 7t 7= AR , D3] AFEEH ol E (fully qualified name) S RE BB 37| A5 £

4
AN REE 7= ZJEE E]% O]%%B]U]?QWTZ]- o & 50],email .mime.text:

>>> import email .mime.text
>>> email.mime.text. name_
'email.mime.text'
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sequence (] 2 getitem () ST UIAES B A AHLS AHE T wE 24 A 2E A 46}5’_,

Al dolg 28 FE __len_ () WAES Aoste olH e 2R WE A2 UEs L
list, str, tuple, bytes 7} A5 YT dict =3 getitem () I _ len_ () S A Y3A T
23)0] A% Al Qe]o] 2l 7] A8 37 W ol AAA} opfe WfF o 2 ARHE ke Aol Fel
3 oF g o}
The collections.abc.Sequence abstract base class defines a much richer interface that goes be-
yond just __getitem__ () and __len__ (), adding count (), index (), __contains__ (), and
__reversed__ (). Types that implement this expanded interface can be registered explicitly using
register ().

set comprehension A compact way to process all or part of the elements in an iterable and return a set with the
results. results = {c for c in 'abracadabra' if c not in 'abc'} generates the set of
strings {'r', 'd'}. See comprehensions.
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from typing import List, Tuple

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

£ rhesh 2ol B 9/ 44 BE 4 de Utk

from typing import List, Tuple

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

o] 7152 A3l typingd} PEP 4845 F2 A &
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class C:

field: 'annotation'
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glo] {2 ABC2l= A ojo] T A A2 A v E 2= 9] Stichting Mathematisch Centrum (CWI https://www.cwi.nl/
ZFZ) 2] Guido van Rossumf] 2] 3] 1990 d o] Z4lof| ThE o] HE U T Jol o= o2 AFFE2] B2 33 o]
=95 94 B, Guido= shol 2] 72 A 22 ol 912 vk

1995, Guido+ Virginia 2] Reston Oﬂ ¢l += Corporation for National Research Initiatives(CNRI, https://www.cnri.
reston vaus/ 22) o A1 sho] A 2 A% 3L, o] ol A o] ] M A2] 42 £ o] F A LT

20004 5 %_J, Guido 2} -‘3]-01 é‘ﬂ Al 7] 9HEl 2 BeOpen.com 2. 2 & 7 4] BeOpen PythonLabs 2 A A5 Ut &
2 3} 104, PythonLabs & -2 Digital Creations( 3 A} Zope Corporation; https://www.zope.org/ FZ) 2 %754t}
2001 4, Jlr W Az E %] 01 A 2 (PSF, https://www.python.org/psf/ ZFz) o] A g5 & th o] ©Al = gho] A
#A AA Qe 2rotEs 585 A H vl F e 24 Ytk Zope Corporation> PSFO] £ 3191 9 U T}

B E JolH vz T2 T /\/\‘Q 141:]- (F7N &2 Ao "8 A& https://opensource.org/E 2 84 /\]
). AP 02, TR (A8 AR L ohduiTh shol 7 W B2 GPLI} T3 UTh oele] Bt ohe
W EFe 2 ore Atk

EEIEC IR E§A [ GPLEEN

09.0~12 | n/a 1991-1995 | CWI yes

13~152 |12 1995-1999 | CNRI ves

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 2.1+2.0.1 | 2001 PSF yes

212 2.1.1 2002 PSF yes

2.13 2.1.2 2002 PSF yes

2.2 o] 2.1.1 2001-& 2] | PSF yes
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C.2.1 PSF LICENSE AGREEMENT FOR PYTHON 3.8.18

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

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

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

2. Subject to the terms and conditions of this License Agreement, PSF hereby
grants Licensee a nonexclusive, royalty-free, world-wide license to.
—reproduce,
analyze, test, perform and/or display publicly, prepare derivative works,
distribute, and otherwise use Python 3.8.18 alone or in any derivative
version, provided, however, that PSF's License Agreement and PSF's notice.
—of
copyright, i.e., "Copyright © 2001-2023 Python Software Foundation; All_
—~Rights
Reserved" are retained in Python 3.8.18 alone or in any derivative version
prepared by Licensee.

3. In the event Licensee prepares a derivative work that is based on or
incorporates Python 3.8.18 or any part thereof, and wants to make the
derivative work available to others as provided herein, then Licensee.

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

—Python
3.8.18.

4. PSF is making Python 3.8.18 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 3.8.18 WILL NOT INFRINGE ANY THIRD PARTY RIGHTS.

5. PSF SHALL NOT BE LIABLE TO LICENSEE OR ANY OTHER USERS OF PYTHON 3.8.18

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

MODIFYING, DISTRIBUTING, OR OTHERWISE USING PYTHON 3.8.18, OR ANY.
—DERIVATIVE

THEREOF, EVEN IF ADVISED OF THE POSSIBILITY THEREOEF.

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

7. 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 3.8.18, Licensee agrees
to be bound by the terms and conditions of this License Agreement.

C.2.2 BEOPEN.COM LICENSE AGREEMENT FOR PYTHON 2.0

BEOPEN PYTHON OPEN SOURCE LICENSE AGREEMENT VERSION 1

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

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

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

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

(TH& STl Aol 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

(TH& SOTATl A1)
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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 3.8.18 DOCUMEN-
TATION

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

THE SOFTWARE IS PROVIDED "AS IS" AND THE AUTHOR DISCLAIMS ALL WARRANTIES WITH
REGARD TO THIS SOFTWARE INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY
AND FITNESS. IN NO EVENT SHALL THE AUTHOR BE LIABLE FOR ANY SPECIAL, DIRECT,
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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_random EE-2 http://www.math.sci.hiroshima-u.ac.jp/~m-mat/MT/MT2002/emt19937ar.html o] A W &
e Feo 7Rt =5 XYL 22 ddl =9 A4S IdE 7 Ad Ytk

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

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

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

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

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

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

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

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS

"AS IS" AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT

LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR

A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE COPYRIGHT OWNER OR
CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL,

(TH& ST Aol A1)
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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 27

socket EE2 getaddrinfo () 9} getnameinfo () & A&t} o] &2 WIDE Project, http://www.
wide.ad.jp/, A & % 22 3td 2 FQE o] g5

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. 1IN 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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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.34 F7] &=

http.cookies REX Tha3 -2 £ A& 283 th:

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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C.3.5 A3 >3

trace REE 0h3} 22 39 AYL TFHUTH

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 &5~

B ES O T 7 AE ERYTH

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

C3.7 XML 94 =2 X# $&

xmlrpc.client B2 53 22 7o A2 233Ut

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 REL T} 7} 28 29 S 2 8F T}

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

(TH& ST Aol 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 BE-S kqueue QB 3] o] 2] Tla] T}g7} 2 Fo) AL =TT

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}4 Python/pyhash.c o+ Dan Bernstein ®] SipHash24 &1 2] & 2] Marek Majkowski 2] & o] ¥ 3}%] o]
U T ol 7ol & e} 22 o] Ea5 o YU Tk

<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>

(TH& ST Aol A1)
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Original location:
https://github.com/majek/csiphash/

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

C.3.11 strtod 2} dtoa

C double I &2} 7+e] HIHE C &4 dtoa & strtod S A| F 3= Y Python/dtoa c & @A http:
/lwww.netlib.org/fp/ oA 4L 4= 9l+= David M. Gay 2] 7L 2 o] 2] Hdo A s H JdF T 2009»3 34
160 W2 A& gtdo = 53 7 %%VWfﬂﬁqu*ﬂAJQQMﬂﬁqql

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

The author of this software is David M. Gay.

* % o

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

* % o

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

* % ok X

*

* 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

G A A7 A 4= QA S F2719] /35 = 13l OpenSSL 2}o]
X gtol A x| L2 7ML OpenSSL 2lo| Bl g AHR S 23+
©

B 5 hashlib,posix, ssl, crypt + &
oS 3z
3t

g2l AUk =3 A x 9ot w
9lo B g o] 7] of OpenSSL 2}o] Al A A}

o
4>

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.

(TH& ST Aol 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)

(cF
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All rights reserved.

This package is an SSL implementation written
by Eric Young (eaylcryptsoft.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 &AL W= 5 ——yith-system-expat & FASHA] &= 3, EHH expat 22 AHES ALR-3} o]

dEgyn:

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 &2 U E ——ywith-system—1libffi & AR &= 31 34 libffi &

Weg

[>
>
L
o
>
ofo
o
£

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

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

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

THE SOFTWARE IS PROVIDED " "AS IS'', WITHOUT WARRANTY OF ANY KIND,
EXPRESS OR IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE AND
NONINFRINGEMENT. IN NO EVENT SHALL THE AUTHORS OR COPYRIGHT
HOLDERS BE LIABLE FOR ANY CLAIM, DAMAGES OR OTHER LIABILITY,
WHETHER IN AN ACTION OF CONTRACT, TORT OR OTHERWISE, ARISING FROM,
OUT OF OR IN CONNECTION WITH THE SOFTWARE OR THE USE OR OTHER
DEALINGS IN THE SOFTWARE.
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C.3.15 zlib

21ib B Al 2 E o A A H 2lib W o] L1 @ 25 o] A M=o A8F 5 §low, 3 glib 4 AR

Ag3te] WEH U T

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 ©f &3 AHE5 = al A] H| o] £9] FH - cfuhash ZE2AE

]
N
L
[o
fru
)
A
k)

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

(TH& ST Aol 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 EE2 WY EE ——-with-system-libmpdec & T4 3}X] &+ oF, Z3HH libmpdec 22 AFE S

Agstel e o

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

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

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

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

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

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

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

C.3.18 W3C C14N H|2E ~ ¢ E
test 7] X2 Cl14N 2.0 HHAE A~ E (Lib/test/xmltestdata/c14n-20/)+= W3C 9 A}o] E https:
/ Iwww.w3.org/TR/xml-cl4n2-testcases/ ol A 7FA 22 ™ 3-4 BSD gFo] Al 3o vl 2 Yt}

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, this list of conditions and the fol-
lowing 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.

C3. xd Lz e oo thF o]l g 52l 103
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* 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 PUR-
POSE ARE DISCLAIMED. IN NO EVENT SHALL THE COPYRIGHT OWNER OR CONTRIBU-
TORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR
CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUB-
STITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUP-
TION) 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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sho] 3} o] WA
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.

WA 2ol 0 AL AT ARE o AL9) 2ho] 4l o A Al F T
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global interpreter lock (A9 2l E = g ¥
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K
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