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B4l ceypes BE o] Lhcfii eho] Hef 2] AL Tl of YLtk o] RES ALGSHE C LE S} I
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T zbo] o] 414 o] & E5 Tk,

span(EE] 3o WE o] 7P Fobshi £4-) ol ehis 34 BES WE AT 123 C gho] el 4
system () ol th & ol 4 218 5 o] Lo e Y SR AL AR As
A58 VBFUTH Pelt o] G5 E The} 2o ol oA £ET 5 U71E Ak

>>> import spam
>>> status = spam.system("ls —-1")
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spammodule.c Y& TEE 2O Z A ZBAA 2. (FAIH S &2, R ES span©] 2t 319, S| T+ S
238 C 31 Y 2 spammodule.c B8l YT 2 E ©| 5 0] spamnify A 8 - 2 W, BF 0|52 1
spammify.c ¥ 4 YHFYT})
Hdo AE FE2 et s yth
#define PY SSIZE T CLEAN
#include <Python.h>
o] Z1 oM APIE 7FAFUH (F3ud RE9 B4 A&d BAE AY3te A4S F71E +
AFUTh.
0 Zx
stolHo] AR A ~H FF T FFE v A= dF A7 BYE YT 5 AojA, =
36 7} 285 7] Aof] WEEA] Python.hE Z &3] of 1}14 t}.
It is recommended to always define PY_SSIZE_T_CLEAN before including Python. h. See ZH7 gh<=of| A] uj] 7]

W 4= ==3}7] for a description of this macro.

Python.h7} A3t AL A7 & = Qe 7|5+ 22 3¢ 5tdol ol H 715 & A9 dta =5 pyL}py
HFAHE 7“143} HOE #8l, 28] a1 gholx AH Z e el 7} F A 9] sHA] AHE-317] w2 ell, "Python.h"
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static PyObject *
spam_system (PyObject *self, PyObject *args)
{

const char *command;

int sts;

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

sts = system(command) ;

return PyLong_FromLong(sts);
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A F- &= A H 9 1 82 W, PyErr_Clear () & $&314] o9 2U& WA H o & A
Hek gtk CEZ =7 pyErr Clear() Egﬁﬂokﬁ}ﬂ%?—i St = ol H & °]E1£1’/151°1 AgskA gkl
227 RAS] A st Al ot A GUth (b o A A=A, obF A= FRE A 52 A5 A)
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A E PyErr_NoMemory () £ &3l A9 A 7] & REShal of 3“41’/} BE AA AR T (dE £,
PyLong_FromLong ())& ©| 7] o] FYJ& AT E, o] T+ malloc() = X] q 5 Eote T Aol AR
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T3l pyArg ParseTuple () I 1 AFES] 9332 & A|Qst, A5 A S
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upAlere 2, o 2] FA] 7] & wEekE uff (o] ] w
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A Aok FTh — 392 5 8L EoH o] pysxc Typemrror S ALEELA THAIA S (obv}
X PyExc_OSError ] of U tT}h). QX BE o] EA|7} 91 © W, pPyArg_ParseTuple () &5e= dulz oz
byExc. Typesrror® BN kol 54 W9l vo] 9lo]oF 517} 12 £ AL B8 of 3 AR}
91O W PyExc_ValueError 7} A&t}
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M A& py_XDECREF () U} Py_DECREF () & T &3}¢]) 7}
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[static PyObject *SpamError;

233 BE 2718 & (PyInit_span () oA ol9] AA = 278tk

PyMODINIT_FUNC
PyInit_spam(void)
{

PyObject *m;

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

(TH5 sl el Aol A)
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(o] A | o] A oA A A %)
return NULL;

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

return m;

of| @] AA|2] sto]H o] EL spam.error Yol F2 A A] L. PyErr_NewException () &4+ (NULL ThAl
o= qﬁﬂj\ﬂ ALE 2] k= 3 o] A Z e A7} (bltin-exceptions o] A A M ) Exception ¢l FPPAE
U]'E T M =l qq

SpamError A= A& WEO R o9 Z 2of 3 2
Uk 51 3=of o5 o517} 2 oA 7149 4 9]
(dangling) 91 €17} 5] 4] SF= % stelw, o) 2ol o @ B2 2

Hd, S HPA 7| =ECZEV o a2t

_4

28 WP R AN 2 0] 22 52 Y
w0l Ze) 227} ¥l 2] 4 M Spantrror 7} R

ZFAsUth e d 2AdE 7}

o] MZ o] FIHR R o)A pyMODINIT_FUNCE &4 1313

3
t}2 3} o] pyErr_SetString () & &3] % R E oA spam.error & LA L 4 51Ut

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

const char *command;

int sts;
if (!PyArg_ParseTuple(args, "s", &command))
return NULL;
sts = system(command) ;
if (sts < 0) {
PyErr_SetString (SpamError, "System command failed");

return NULL;
}

return PyLong_ FromLong (sts) ;

2.1.3 oM E S0}7}17]
A A Sz ZolrtA, oAl o H B2 o] B o] T 4= 9l ofoF Tt}

if (!PyArg_ParseTuple(args, "s", &command))
return NULL;
2 %20 A o €] 7} A W pyarg_parseTuple () o 931 A E 9ol & £3HWM nuLL(AA] £
ul s} }_L_ 3}~ 0] of| *L/\] 71) & wrgshy o} :Lfﬂx] ero 9 xLo] Ex1Y gho] A W4 command

AFULh o] 22 Z2AdH Yol 7He) 7= AE S S M= HFUY (e 25 C
command+= const char *command @ 2H}IZ2 A A AT o]of .

()= &, pyArg_ParseTuple () ol A = TAE S A &3 th
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[sts = system(command) ; ]
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22 9] spam.system() T = sts kS ol AR =2 ¥kEs) of gy}, o] 2L pyLong_FromLong ()

452 ALgshe] o Fol YUk,

[return PyLong_FromLong (sts) ; }

o] A%, A4 AAE UL (o, AeEAE ol A= F A AA )
83 AAE HESHelA] o= C &4 (void & BHEsh= &) 7F o, sl o] A g4+ None & WH3H
af oF gtk 1A ‘Hﬂ‘ﬁ o] 43—%17} Z 23t} (Py_RETURN_NONE WA 2 & L F YTh:

Py_INCREF (Py_None) ;
return Py_None;

Py_None-2 54 5}o] # A7 None 2] C o] & A Th. kol A] Hgtol, thiEe] Aol 4 “of 2] & Lot
NULL 3Z 91§} 7} o} g A&} 3ho] A A Yt}
21.4 2E9| HIME HO|ED Z7|5 &

ol & T A spam_system() O] DA TEH A Hof FA T FEFHFUTE WA, “HA=
glo] &7 ofl o] 53 F4E vl oF ?JH o}

static PyMethodDef SpamMethods[] = {

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

= 5y

(L[]
EH

{NULL, NULL, O, NULL} Vi
bi

Al AR 5 (METH_VARARGS) Ol -9 SHH AL 2. o] A2 JAB Z Bl A C Foll AHEE T2 3= &
TE= EH:LO‘ yth dwtd o g A METH VARARGSUrMETH VARARGS | METH_KEYWORDS 9] oF 1T} 0
e = AF8E A 9= PyArg_ParseTuple () W& o] AR H S o v g}

METH_VARARGS %t /\}ﬁﬂ o), 4= Fhol W 52 w7 W47 pyarg ParseTuple () 2 £33 7
FEFERFSIEALEE A oz 7]1'41011 of %‘4"/} o] Zhapof th gk ApA| gt A W= ofef ol Al F-H
719 = AAE ol AdEsf o shd, Al WA A=A MeTH_KEYWORDS HIEE AT 5+ s ©]
4%, CURE RS GV A WA onect « o) AEE olEelel i oleld B
ol &= PyArg_ParseTupleAndKeywords () & AF&3}o] QRS & BEXAIA L

wﬁtﬂﬂ€t+g4ﬂ¥&ﬂﬂﬁﬁiﬂﬂﬁﬂﬂw

static struct PyModuleDef spammodule = {
PyModuleDef HEAD_INIT,
"spam", /% ELS S 9& &/

spam_doc, /* ig 49, nvorg & A= o/
-1, - B e = B SR

e 2gc WY A&l FEE SN -1 </
SpamMethods

bi

Sofof it 2719 9ol o g2

ChA], o] F2AE BE9 2713} oA dH =2 <
2590 olFoln, g 3dof| Fod FLT v static

PyInit_name () ©] o] oF 3}, of 7] A name

a5 o] of of g ch:

PyMODINIT_FUNC
PyInit_spam(void)
{

flo ro,

return PyModule_Create (&spammodule) ;
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PyMODINIT_FUNC+ &< ZE pyObject * HFEHd
), C++2] F$ 545 extern "C" 2 4125}

golH 2 TWo] 202 BE spamS YXE T uff, pyInit_spam() 0] T=F
| A= ol ol A dF & th) o] &= PyModule_Create() & T E5t=0H|, B E 7
Aol o Al L H o] B (PyMethodDef 2 A2 i E) L 7|uto g YA 34 AR =
Al &FU T} PyModule_Create () & BH= B E AA o 3l = A E ﬂg}z}qu}
ROl o2 F O AL RS TS ZHE - g0 i d W e
e ZE AAE T2 A0 A whef oF gyt 12 sys.modules ol A Y H Ut
sho 4 2

_I::L
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PyImport_Inittab B|o]Eof] & 0] gl O pyInit_spam() FF7FAECE &
th EES 2713} H ol &l 371812 ¥, pyImport_AppendInittab () & AR§-8taL, A€ A
AEES JEE T

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

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

/* Add a built—in module, before Py Initialize */

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

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

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

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

PyMem_RawFree (program) ;
return 0O;

0 Iz

sys.modules oA &S Zﬂﬂs}ﬂ‘/}gi/\ﬂ U ol E2 oy JdEHZEHE dXE
Bt (= exec () B MYAIZIA] RIL fork () E WE ol A7 LA %‘\Q‘/]D}-

Al
) 2
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Bl (C5) Cor 24 0= 5] DT AES D] ek AA B AR E ol
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AHE S SAY BRES TholA °1E1 g G fFREoE vtEd, A A4S
Hel B A MEao} FuTE ¢ FAE, ol AL f2olA WS DRk A
A2 W Z 9] Modules/ Y HE o Y (oS 5] spammodule.c) S =11, Modules/Setup.local
s}Qlol of el 29 AL 7| %ok o 2 S 2AheHIA L

(i b oft =
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ot N pZol g Y
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fz rlr
e

Ll &, of
o X

[spam spammodule.o

)

21203 51 449) ©) 95 2] oA make & 4 5ol e 2l § A WE A2, oduies/ A2 El
2 o A makeS AP T % QA TH HA] ‘make Makefile’ 2 435} MakefileS ThA] I =&} of T},
07

(1AL setup 32< WA E wuic} B2 i)
gl YA Z7) ol R el Basy, o] AE T4 o) Zol YdE 5 Jgth ol & Sol:

[spam spammodule.o —-1X11

2.1.6 CO||A{ m}O|M & SE517|

AF7HA Fol MM CTTE T2 5 IESE e o AFIUF Uk I = F83 ) CollA
vhol A 4= T E37]. o] AL 53] “F” F4E X Wk 2ol B g Y Ao s d gyt C Qg | o]
272 "f‘“ 5 /\Pﬁﬁh, FoctolH e FF ol 2 T A W W AYSE AlgSlord et
0‘*143} ?— C 2o A glo]H 29 & TEoF FUth thE S5 44T 4 A5 UTh
o3y 3], uho] A "JE%EFJ HEAAZRoZ A &Y, 5o) A T8 TE31E 2= AEH o2 7} 9
syt (53 EAlE S ?JE* o2 ylo] A FAE D %;}% W of] s A& T A AFU T — & o]
JTHE, to] A A F T oA Modules/main.cd —c B8 & A4 73S AHEAA L)

hol A 8 TS| = 45 Uth WA, ghojH 222 ofBA E oy B A tol A T4 AAE
AgsfoF &yt o] & H’SH FrEeE o2 OTEHl o|2) & AlFgsfoF gt o] Tt wf, A
A M (Ee o Ro] B Hdsk 0%‘40111%)01] slo] A g AR of] tf 3t Z B & A A3 Al &
(Py_INCREF () 3l oF 3}+= Zloll T34 AR, A& 0], thx &5+ BEE FY9 dF Y4 &+ 5tk

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;

(TH5 sl el Aol Al)
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(o] sl o] A ol A AI)
}

Py_XINCREF (temp) ; /% M 2] ST TFEE F PTRISE 2/
Py _XDECREF (my_callback); /* °|3 Z2ig =TI =F +/
my_callback = temp; /x M o2 el 4/

/* "None" & UL T AT
Py_INCREF (Py_None) ;
result = Py_None;

}

return result;

o] ¥t METH_VARARGS S8 15 ARE-8to] Bz 2| H o S jof Utk o] A2 A d 25

gl o] &3} 27]3} ol A o] Y5 Ut pyarg_ParseTuple () ot 29 A= 24 g
W7 w4 20 7] Ae] A ol 1T

W] =2 2 py_XINCREF () 2} Py_XDECREF () = 7| 2] % 3] =
AU (ZH Y 1 = ol A temp—NULLOl °P‘4°ﬂ oAl L), A xSl ol ofof] Tt
EERID I

Usoll, & ], C < PyObject_CallObject () ‘—E_- T E3T) o] o= F A9 <l x}rt

3%
°‘—H],;—r 4219 sfol Aol v ek = A YUt vho] e oh AR} EF. QA 552 G Aol 7t
AAFe] =91 FZ A ofoF Fjrt. A} glo] spol A g5 TE S M, nuLLo| U Nl FE & AL
A9 3o olxle 5 E5tel W, o 8 _Buildvalue () & W EAE 0l 2%

=
Apolo 07) o] o] =W == T4 3l

int arg;
PyObject *arglist;
PyObject *result;

arg = 123;
/5 SIS LEAE ST
arglist = Py_BuildValue (" (i)", arg);

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

PyObject_CallObject () & 3 1“4 7“iﬂ EAHE &Yk o] 22 vhold o vk g
Yuth Pyobject_CallObject ( Azte} AT “Fx g FHA YU o oA+
PyObject_CallObject () && %] 3 Py,DECREF OFE AR EZoZ AFRT A FZo] TrEoHF YT
PyObject_CallObject () 2] BF& ZH-& “X A” AUt} A3 A 2L AA o) ALt IR 3471 2713 7|2
AR QU webA, Ao W AAdste = 2 o] ofbd gk AL (E3]) 2 3ol &4l o] glelete A3&
Py_DECREF () 3] oF g1t}

aE, o] AYS T35 ioﬂ w3} 7ho] nurL o] obd A Al sof stUth 12t slo] A b=
o 2 & ‘:'“g A A F53 A YUt pyobject_callObject () 2= C ZE7} JJrOM‘i"ﬂH TEHATH
o] A Stol M T E Ao Al ol Y FAIE WHESHA, Q1E] Z 2] 7P 2d Ef o] AE A A Y TE3H I}
ol LA E AT JAEF Pt o] Ao 37}—3}74‘/} v A 6kA] 9F S W, PyErr_Clear ()

£ 5259 o9 = ASoF A} o E SH:

if (result == NULL)
return NULL; /* CI¥& E3F “|°F */
..use result...
Py_DECREF (result) ;

ghold £ 0] 3] U5k QB3] 0] meh pyobject_callonject ) o AR HEE AT ok &

£ Ut 0ol ue A% 252 2 G5B A AT 22 AHH o] A8 B3 sho] A =2 T A
AR UL 28 0% 84 A9 0L PA0 R Ao AET - AU ThE 9ol A4 B
oz AV FEL PANFT 4= Asith o DA S 71 ke L by suilavalue ()
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E 3= AYUTL & 59, AF oWME Z=5 ALY, thg =5 AT & JFUth

PyObject *arglist;

arglist = Py_BuildvValue (" (1)", eventcode);
result = PyObject_CallObject (my_callback, arglist);
Py_DECREF (arglist);
if (result == NULL)
return NULL; /* CI®& E3F - */
/% 17N °FErE result® AR THIEF 4/
Py_DECREF (result) ;

<, 2A Xdc'ﬂ Py_DECREF (arglist) ] 8 x| o] §-&5F Al ! E3
] ‘3%8 AN= Fo 3 Al L Py_Buildvalue () o W R 7} £ =& 4

2]
st A 2

Q XFE‘r 719 = AAE A P3FE pyobject _call () S AFREF 719 = AR} Y= F4E FE2T 45
Y

T} 91 9] of o 9} 2o, py_Buildvalue () & A}ﬂo}o:] 92 AT

PyObject *dict;

30 “ﬂ“

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

return NULL; /* ©°I¥& E3F | */
/* AN °rErE result® AME YIS/
Py_DECREF (result) ;

2.1.7 E& 2t0l|A O§7H HEe FESH7]

PyArg_ParseTuple () &g+ T3 Zo] AAd Yk

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

T AYE = A 55 o] 23E FF AA| o oF Ut formar QA= W
< :L}O] #1/C API & 3 & 2 vl 7 L 9] arg-parsing o] A H = o] 95Utk YA
AA = 2 FAd ol goff Fo] 2AH = WA FLo ok P

arg A= sFo] A of Elne

o

f
PyArg_ParseTuple () < o] H QX

A C
TAEololoF s, & W

° A7 27 H £ FUAA FASA R, T2 AGH C S Fa0 f7

g FAT L gaUth AFE oE, 2E7F S-S Y Holx Wu e Qo) vES Dol
I8 Y RABAA L]

Al A Al s = BE ol AA F2= 0E 2 (borrowed) F2 A Fo U2 FE AT E

e
ERE RN
oz
=

2 742 oA 2

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

int ok;

int i, 3J;

long k, 1;

const char *s;
Py_ssize_t size;

ok = PyArg_ParseTuple(args, ""); /* 27T A5 -1°F /
/el 2 E: o£() */

2.1. CL} C++Z m}lo|M =t&tst7| 13
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ok = PyArg_ParseTuple(args, "s", &s); /* =< #/

2
VA I g

2 %: f('whoops!') */

ok = PyArg_ParseTuple (args, "lls", &k, &1, &s); /* 5 7MY long™ S = +/
/* TS T el 2% £(1, 2, 'three') */

ok = PyArg_ParseTuple (args, " (ii)s#", &i, &3j, &s, &size);
/+ int H3} T, BAASY 2N WFGHT </
/* Tt T =l 2% F((1, 2), 'three') */

const char *file;

const char *mode = "r";
int bufsize = 0;
ok = PyArg_ParseTuple(args, "s|si", &file, &mode, &bufsize);

/+ B3, 122 WYY R = SR L HAF W4 </
/TS T el M T
f('spam')

f('spam', 'w')

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

int left, top, right, bottom, h, v;
ok = PyArg_ParseTuple(args, " ((ii) (ii)) (ii)",
&left, &top, &right, &bottom, &h, &v);
/e AT T
/¢ He T oM 2F
£(((0, 0), (400, 300)), (10, 10)) */

Py_complex c;
ok = PyArg_ParseTuple (args, "D:myfunction", &c);
/¢ Lak O E Tt Ui R s MT YT */

/* s T Tre|M T & myfunction(1+23) */

2.1.8 & A, E RIT I|RI= Of7H He

PyArg_ParseTupleAndKeywords () &5+ 23} ZHo] A AFH Yk

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

~

i
o
5

arg @} format W) 7 ¥ 4= pyArg_ ParseTuple O g2t Iyt kwdict W7 A= ghol A ]

ANA Al A w7} A2 FAE 719 E g Ut kwlist 7] A= w7 HSE A ESHE 7
Ao nuLL T8 FE UL o] §2 AF oA LEZO R formar®] F AR} APt 4F 5,
PyArg_ParseTupleAndKeywords () © & WH&Hetal, 19X ko AR S v3tsta 8 43t o9 & %

AA QY T,

0 3z

719 E AAE AT W FHE
AZE H TypeError S WA 7

i
i3
tlo
4
Mo
Sij
1%
]

T PS5 YTH kwlistoll Y= 719 = w7 A7}

<
kJ
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52 Geoff Philbrick (philbrick@hks.com) o] A& 7|RFS & 3}, 7|9 =& AFE3t= A ZEYUth

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

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

int voltage;

const char *state = "a stiff";

const char *action = "voom";

const char *type = "Norwegian Blue";

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

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

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

Py_RETURN_NONE;

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

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

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

2.1.9 el9| g #F351Y|

°] 4= PyArg_ParseTuple () & W Juch oh33} Zo] AAF Ut

[Pyobject *Py_BuildValue (const char *format, ...);

PyArg_ParseTuple () oA A= & 23} AR 29 & Jehs A4 shA v AAH (2] &8 o] of

2.1. CL| C++2 IlO|'M &Z&517| 15
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b A AU EDE E ALk ohf e} g grolojof itk shol ol A BEE C ol A wekat7] o
239 shol 4 AR E wag T

Pynrg_ParseTuple () 319 @ 717 Aho] H: Tk 3 WA Q1A17k K- olofof k| (ko] A QAR B2
FHUFAer RE2 297 & O‘Hi‘r), Py_Buildvalue () =Y FES LA = st
TR AL 5 o4 T B9I7} TE AolW FES A= G TR Ao w]o] 10w
None & WHEFTE A8 Shike] Bl Tl & E33HE, 210 Rlold A Bul T 7] S8 2
AL MBFUTE 271740013 19 RES A2 HARES i, 29 4GS BIE FOANL
AA (FEFE TZ0|a1, LEFL2 A7 sto| A ghrP U Th:
Py_Buildvalue ("") None
Py_Buildvalue ("i", 123) 123
Py_Buildvalue ("iii", 123, 456, 789) (123, 456, 789)
Py_BuildvValue ("s", "hello") 'hello'
Py_BuildvValue ("y", "hello") b'hello'
Py_Buildvalue ("ss", "hello", "world") ("hello', 'world')
Py_BuildvValue ("s#", "hello", 4) 'hell'
Py_BuildvValue ("y#", "hello", 4) b'hell'
Py_Buildvalue (" ()") ()
Py_BuildvValue (" (i)", 123) (123,)
Py_Buildvalue (" (ii)", 123, 456) (123, 4506)
Py_Buildvalue (" (i,i)", 123, 456) (123, 456)
Py_Buildvalue("[i,i]", 123, 456) [123, 456]
Py_Buildvalue ("{s:i,s:i}",
"abc", 123, "def", 456) {'abc': 123, 'def': 456}
Py_BuildValue (" ((ii) (ii)) (ii)"
1, 2, 3, 4, 5, 6) (((x, 2), (3, 4)), (5, 6))

2.1.10 & X sl

CU C++ & 22 Adojol A, ol A w2 e]o 57 gy} st
Coll A=, malloc () F free () FTE AHESIA o] 2
“Emﬁoié%ﬂu]i*}&ﬂtﬁ—rﬂ FAMEE =9 & CY A2 Agtells

malloc() 22 S3H ZE W ﬂ‘d%%freeo—% 7 &3]

e} 5 Al s AL 4&13111317} Eicaasier
L 533 Q— C++Oﬂ/\1 ‘_, A A2} new®} delete

5] 3 A 331%'}04 AbE Tbsst Ry 22
Hk3kE] of of gt 14/\101] free () & T3 2o F8FYULL 859 FAE AAAHF AT free ()
= i%ﬂﬂ dow Z2 o] FEE wj7}A] %% 22| 3= W 2B & ZH/‘P&?T‘ = “AHE} o] A<
| & 2] 3¢5 (memory leak) 2aL FUTE RbRol, 227 o] 250 Hi] free() E TET U5 £EF2
AL AL, =2 nalloc() T 35 %%% XH/\}%%‘W Z=o] LAY o] A A H H R
AF-8-3}7] (using freed memory) 2tal FU T 27|31 2] g2 Ho]E & Rt AN 22 YR A9E

z#ShUct— Fol dx, Zey Ay} nAH 25,

HEe o dRbFQ A2 I EE T HAZAA FEYJULE o & o], e vRy E5S
gdatal, o | A St ok, 58 U SiAIE 5= A5 U th o)Al Faroll thd 87 AFEro] | A E o
gl 274& ZA st A4t st AALE F7Hetal 47 2 7)ol 9h3E = I =5 Tt o] 7]
G2 Z P, 53] Yo T F71E of, @FHE v R ESE A AS dowE ] g5
Urth o] H 3 Fe dd HEAAE T35 LA TG BAHA s oy 222 AA TE2Y F2
HEANAT o] F AR, O RE] HA A|2"HoE= B 7 wRE 7 oA, =4 8l T8 A
AHSotE L AdE = Z 2 A AA T T ERG Y T webA], o] | S/ o gl E 2 4F F o]}
AgFS 3l =57 TAA] A5 of= 2ol T a7t

shol W& malloc() I free () & BO /\}33}7] o] Zof, W2 ;A E w22 AR 9]t A
gol] g3t A IS F=x 35 Al 7| (reference countmg) E‘rl FUoh de= U BE
AA = 7HEE & 28U 7 H = 7“Xﬂ°ﬂ th st Fx7Fojd 7holl A2 w S 7fstal 7127} A4
o] ZAFYTh 7R E 700 =2, A A of tf $F upx g F2 7F AAE A o] A7) s Al E Y ok
A AZS 25 7] ]’\;fj(automaticgarbage collection) 0] E]-_T’_ syt (W25, X 34 M 7| = 718 A
T3 dekolgta *ﬂfﬂ T 7HAE s A8 “Abe 2 FUth) AHs 7 A 39 7P 2 32
AFEA7E free () B WAIA LR ST Q7 k= A ‘?J‘/]V/} (= D}E F3E ol F ﬁ\—‘:‘/‘ruﬂ E]
AHE S A o) A jE— o] A2 AasE AR o] o UT) BH2CY A Fx 3 /\1]7]‘: o] A1 A A
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T3 5 YA (T malloc() F free () EARRT £ JE= 3 — o= C EFo] AU, A=
o] A1 & AE 7HH A =R 717 fitkE AdUth AAIECE f38] FE3] o] AA A= AHE 7 A
FRAZNE AT 5 S Ad U 2w 7bA], gl ZFR 350} 8 ool & A d YT

slol & AF A Iz 3¢ A7 S AHE3) lE,ELi%%P% A o= =3 A 71 = AT g
ol E 55 & Zz2aWL AHANAY HHAA £ FRE W= (o] Aol FZ B¢k AFEF
3" 7h) A =R FH AU ol il A A A ot HUth FZ 82 (R A 1 F o z) kA
of 3t A2 E 2= AA = AT A, 3] 2 AA=00] obd FX 45 25yt kA9l
Az B¢ A7 FHAMAE =8 Aol "ld 271 27 s 2 82 AA o &5k w2y
£3of| £33 AR oA FxA W RIS ITT 4 S5

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

IO MOl M EZ= Bl M7

2z 8459 Z719 45 ALse F A WL py_incker (x)
= 0]

Py_ .
Py_DECREF () & 357} 0] =2std AA & sfAlsH7 = duth +d8<= A3l free()% AR 2s
shA] S5 U] AL, A & AA (type objec o = T 2AHE T8 LI o] H4(H
7TEh= 6l 2 AAcls ald & Aol thet AH = =g Yth

ojAl 2 z‘—‘ir o] g5 Uth: AA| Py INCREF (x) $} Py DECREF (x) & AH& U 7}? “dxi 2 7] gl E
AL OFEE AHE 25 (owns)” A ST | 2t ARl e FEE 25 (owna
reference)é%# AUt A9 Fx S oA o] Aol het FxE 27T T2 FoF Uk

AftAe e F27E 488 95 o py pECREF () B TS o FUTh FRo 2 FAS =T
= %} S A& sk Al 7HA o] lsuth: A, A% 9 py_DECREF () &, &8

A5Y

A2E AESHA gkow Wi m g F47h Ay o

AA o o3t 22 W 2= (borrow)? AX 7}5 U th 22 9] o o 2} (borrower) = Py_DECREF () & & &
A= FEHYTh EHO%Z} VY ARG 28 AAlE o+ YT &AFA7 A28 5
A8 A5 AR A W22 & AR S S o] oA Al I35 oF ).

Az afolnugdu] de 7] o]d2 FEE 53 753G RE FRA FRE AT Zar s
AdUtt — &, 18 IR E AESHE 27 8 A9 L*«l Ad ol gs Ut 2F3k= A vl
g A g2, dR7o s E0kE ZEAT, 2y E &7AL Nxﬂit F2E AT o 2"
27V AHEE = = n B A3 o] itk Ayt

WY FX =Py INCREF () & $E310] A/ 22 AAT = JdFULh o= X2 E d 82 &AFA9
Aefo] G S v x| ‘E%QHDP—* 2242749 FRENED, FAT 244 AL o) (o] A
AFAHRTE obY g, A Af A FRE SHLE A A28 oF .

H o]~ WA 4R YTt

Aol et F2E N E PREY T4+ TR A 2744 AP U 53,
PyLong_FromLong () ©]UPy_Buildvalue () &} 22 A AAE M= 7s2 /IR EE R = 4FAS
FAZFAN A AU TE AR 7F AA R A AR 7F ok E Ets, of A 3] g AR sk A R AFA
< 131-/\1,]1—/]_ Oﬂ EOﬁ,PyLong FromLong()%:gé] 7\}%3% %)\'o 7H}‘]‘§ TOFZ] -]'J—'— 7 }‘] A %J'%Oﬂ EH iy

SE ANANA ANE FEGE @e FEE Had B £FAL AeFID, AL &
PyObject_GetAttrString(). Z& U & 712 dulA <l £ El o] ofjQlo] 7] ufj Eo] 218 o] HE3lA] &
Ut} PyTuple_GetItem(),PyList_GetItem(),PyDict_GetItem() & PyDict_GetItemString() <

BERE fAE EE GAU A B §2E BB

PyImport AddModule () 45 AAl= 9&st= AAE e & AT U H FRE gt A A o

e 45 8 2 7F sys.modutes o 495 of 917 el 15 gLk

2 Zz 0 8)7] (borrowing)” S ¢A3] ukz A FEUTh 22k A3 FR AHR S /AL AF
50 o

U
SRz G571 o4l Bt AL HEHA vt B2 A% AASAAD W2l e 5
ANEE 5 Ao

o}
91014 The A of

l-
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AA FZ2E 2Tl AT uff, dutd o g, st YR o2 R AR E W FUY — FREAF
3| oF 1, Py _INCREF () & AME-3l0] 59 2/A7F B Ut o] fF 2o+ F 714 583 & 7F 5 U th
PyTuple SetItem() ¥} PyList_SetItem(). ¢] T ALH &5 s &FHALS AT — AA}
Asfste gtE! (Pypict_setitem() ¥ 2 A FEL 2Fd& A 5Uth— ol &2 “AA” dUth)
Cotr7t oo A 522 u, TEAZHE & Ao gt F2E AP Utk TE A= 214 o dl st
F2E a7 w o, ¥ Fx 352 g7 a2 71X RAdg U ol U d FRE XY
S AY A oF S ulj vk py_INCREF () & T &3] &/ IR =2 wrEojor gyt
slol Mo A TEH C oA widE AR F2E 4AF3 FZ2 ok gUtt — 2 7FdL2 oA TEA}
Z Agg
PN Yok K=3
==20
AR 7)) Fast Add Fxo Ahgo] BAS 4o 5 = 2 7R AFo] JF UL o] AE2 R F
Az 2727 FZ2E AEFES S 5 = ez H EAF £ #eo] A5yttt

% BAeE 2E FEo 3 F2E A= ok Ao gle AR oA

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

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

o] FtrE WA list (0]l & FXE LA ThF, 1ist (112 02 M, iAo g2 1Y x5
AUt Fafs) HojA 22 shA vk 13 A] b5y TH

PyList_SetItem() Q&2 A|o] &L w}etrl BAth gl2EE
15 wAS o e F5 1S A& (dispose) 3 oF Fch. o] A] A
dagpy 7pgstar, Sela7t del () WIAEES AT © M S FAITh o] S A JaH A
B2 0571w, ol % JRIE _ael () WA=t ZEHUCH

oMo g AAAFH Y7 W Zell, _del () WIANExE FY9 stojH FI=E AP o+ FUh
bug () oAl itemo] W& F2E F AR ot= IS 3L+ U272

2ETZF__del () HIAEONA AN T EThal 7EH B, del 14

T e, o] Aol sl F A ol gk vpA et Frxepal 7S, 1A AR v R
itemS F & & st

FAY 9 & yd, 2 e g5tk dAFe R Fx SIFE AL SHE H A Y

T
P4 oI H U

(%]
o

Xglo

[¢]

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

Py_INCREF (item) ;

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

Py_DECREF (item) ;

}

o2& A o]kl 4tk ol A 2
WA S 7L Aot o] -2 Solth /] 918 C el A4 4
WA Fxo] BAZ Y F oAA A9E ~d =9 BAw Wy gk

WA oz, stol ol AA
AA F3he BEste A Fo] glojA, gl Az o2 ~¥=s

o 259 4ol 7]
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E 4 g5y a8y, UHEE Py_BEGIN_ALLOW_THREADS & A£3}o] o] 28 A H o7 A3t
Py_END_ALLOW_THREADS = A}23lo] ThA] 8 H & 4 9I5 Ut o= B2 7] /0O & A E3tHd|, VO 7}
A5H7E 7thE = Tt 2HET ZE2AAE AT F AEE FUth 293, ot e o)A

Feo) 2 BAT 5 UTh

void
bug (PyObject *1list)
{
PyObject *item = PyList_GetItem(list, 0);
Py_BEGIN_ALLOW_THREADS
..some blocking I/0 call...
Py_END_ALLOW_THREADS
PyObject_Print (item, stdout, 0); /* S22/ */

NULL = QlE

Ao g, AA FxE AAR Fdh= T4+ nuLL
o] "

3L

a- ! =
O}Eﬂ FolE @i%‘ql’%(ﬂi% T Fo] & FHAFUH. AA FxE vistetes T gubdg o=
ol 2] 7} A 22 WERd 7] f 8l A v nusn& WU o NuL AARRS AARSHA] 9= ol e e ol
T Aalo] vb2 —Jﬂ £ o2 5ol A7) i duUt — ZF T nuin S AR, S5 A}
”}O] Ast ek A AP T
NULL Y 4+ Q1= Z QA7 A1 uf] “Ax” o Uk nunnS AANSHE Aol £5UTH ol & 9, malloc()
O]Uroﬂﬂ% AL 5 s el A
U} 2 2 py_INCREF () &} Py_DECREF () = NULL Z A EHE AAsIA] ¢S5UTH — A5 159 W3

Py_XINCREF () &} Py_XDECREF () + <13y 1:}_

EA AA §L 3237 Y3 vl T E (Pytype_Check ()= NULL ZOHE
o 71 ek Foll thall AAE A H%H ALBNA o5 el H S
AAZF AR YUtk noLL AARS e WY Qs th

C o4 52 W AUZL CFol AL A 22 (o] A args) o] Al nussol obd e W g Th—
AR P REYS LU

NULL 3 Q1 E] & FFo] K ARG Apol| Al “wibA Y71 A)” jE=E = 22 A 23t o 2 Y U o

shel el A gkt — ThAl,
Zo1e 2E7) Bl B2

2.1.11 C++ =2 &7 M5}

CHEFFRES A
olCHIYHE HutYd
Hol =2 gdMo| C++ AFY
T (539, BE X273

A stde R 2o fls

Ao Th ol w] o] Y4 A-g gk,
I

Y
o
>
odt
9

HUth v Z2 3 (sto] A SH 22 E)
L A A (static) AR S AFRE :,\_ A<tk
Ut shold Bz 55 Y
) oF gy} extern "c" {...} & JFo|A
5] U‘:_‘J/\1C++74.L]—°‘Ei7]— o] 7T E

o)

‘

o

> 2

oo 1l 5

© S i
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static int
PySpam_System (const char *command)
{

return system(command) ;

AhasHA 58 U ok

rr

spam_system()é}%l

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) ;

(Th= sl o] A ol A%)
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return Pylong_FromLong (sts) ;

BE0) A2 RE A, TS E vIE T2

[#include <Python.h> }

e T 22 o 278 oF gtk

#define SPAM_MODULE
#include "spammodule.h"

#tdefine2 3|t It o] S gto]AdE

] 2 =3¢ S gle dH AHE YT vHA
wog BE 273 F4-E=CAPI2E A .

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;

J

SERERP!

N
bl
ot
£
b

PySpam_API+ staticOZ AAF YT 212X O™ pyInit_spam() ©] F

AU oH
Z R EL F Y 9Y spammodule.hol Yo, o} 25U T

#ifndef Py SPAMMODULE_H
#define Py_SPAMMODULE_H
#ifdef cplusplus

extern "C" {
#endif

/* spammodule < 15 =F2l */
/* C API functions */

#define PySpam_System NUM 0
#define PySpam_System RETURN int

(TH5 sl el Aol A<
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#define PySpam_System PROTO (const char *command)

/* C APT EQUS9 FF */
#define PySpam API_pointers 1

#ifdef SPAM_MODULE
/* ° HMAe spammodule.c® AT AT =1 A F SIS o/

static PySpam_System_RETURN PySpam_System PySpam_System_ PROTO;

#else
/% °l MIEL spammodule] APTE A2 %t L & 2NN Arf E =t ~/

static void **PySpam_API;

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

/ C1F A -1, 93 4l o TPRETHIT.
* PyCapsule_Imports SI®17F U= <=g I3 -,
7

static int

import_spam(void)

{

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

}

#endif

#ifdef __ _cplusplus

s
#endif

#endif /* !defined(Py_SPAMMODULE_H) */

PySpam_system () @Ol BM|23817] Y3 Feto]AE BEo] o & -2 2713} Tl A 34 (A4
W32 2) import_spam() & ﬁ%’s}% Aol AEJYrh:

T>
o

PyMODINIT_FUNC
PyInit_client (void)
{

PyObject *m;

m = PyModule_Create (&clientmodule);
if (m == NULL)
return NULL;
if (import_spam() < 0)
return NULL;
A S B B i - - o o B

return m;

—~

9}4 spammodule.h 7} tha BAFstthE AJUth 22 718 F2e WE W=

ARt 27 AE-2 F7F75S AlFetH, 53] ol A%E £QAE 9 R &I Sl o &
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The CPython runtime sees all Python objects as variables of type PyObject*, which serves as a “base type” for
all Python objects. The PyObiject structure itself only contains the object’ s reference count and a pointer to the
object’ s “type object”. This is where the action is; the type object determines which (C) functions get called by the
interpreter when, for instance, an attribute gets looked up on an object, a method called, or it is multiplied by another
object. These C functions are called “type methods” .

whebAl, A 849 e Aol stelw, A @ AAE w5 olof g Th

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

0 Iz
o 7)ol EA| &= A2 B A QA (static) B2 FY ot A3AA YU tiF29 &5 A7
3l oF FUth. C API+= TS PyType_FromSpec () S8 AME3te] 3 &9 48 S Ao & 4+ A5 Y

oheh, o] g Al oA & B A ks Ut

#define PY_SSIZE_T CLEAN
#include <Python.h>

typedef struct {

PyObject_HEAD

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

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

bi

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

bi

PyMODINIT_FUNC
PyInit_custom(void)

(Th= sl ol Aol A1)
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PyObject *m;
if (PyType_Ready (&CustomType) < 0)
return NULL;

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

Py_INCREF (&CustomType) ;

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

return m;

o) A= g Mol w90k & Zlo] WA, ol A A} vl s Mol /)8 uhgh k. o] shde Al 448 Aol

Yk

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

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

3. How toinitialize the cust om module: thisisthe PyInit_customfunction and the associated cust ommodule
struct.

A 22

typedef struct {
PyObject_HEAD
} CustomObject;

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

0 #Fx

Pyobject _HEAD W ZLE ol AEl 8] Utk A5 E F7H5HE Aol RSN 2: A% Ao
SEEEEL L=

BE, AAE Luby

[e] x=
5ho] 4 floats o] th 2 A 2] = T} 7 2o ULk

fru
l=l
I
av}
=
O
.
>
Q
Q
l':l:'
=
p
lw)
i
oo
-
to
K-
i
N
__‘1‘
o
o
frt
N
o)
%
°
‘:L
2
frt
il
=
EH
N

typedef struct {
PyObject_HEAD
double ob_fval;
} PyFloatObject;

= A AL g AR ) Fel U,

static PyTypeObject CustomType = {
.0b_base = PyVarObject_ HEAD_INIT (NULL, O0)
(Th= sl o] A of] Al%)
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.tp_name = "custom.Custom",
PyDoc_STR("Custom objects"),
.tp_basicsize = sizeof (CustomObject),

.tp_doc

.tp_itemsize = 0,
.tp_flags = Py_TPFLAGS_DEFAULT,
.tp_new = PyType_GenericNew,

bi

£ PyTypeObject BE5 UE3A ki =9 A A5 A4 22 ¢godd
C99 2~} 9] ] ™ (designated) 271 3atE AH’LE}— 2ol E5UTH

l-t]

s vlo] @ WEA Hhe theelm gk

[.obfbase = PyVarObject_ HEAD_INIT (NULL, O)

o] 22 Sl A AF T ob base AEES 2713317 918 B4 47 QU

[.tp_name = "custom.Custom",

72 PO ol F. o] A2 AA| 9 7|2 HAE R AF ol HA A o YEPEUH, A& S0t

>>> "" + custom.Custom()
Traceback (most recent call last):
File "<stdin>", line 1, in <module>
TypeError: can only concatenate str (not "custom.Custom") to str

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

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

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

0 Iz

If you want your type to be subclassable from Python, and your type has the same tp_basicsize as its base
type, you may have problems with multiple inheritance. A Python subclass of your type will have to list your
type firstinits __bases__, or else it will not be able to call your type’ s __new__ () method without getting an
error. You can avoid this problem by ensuring that your type has a larger value for tp_basicsize than its base
type does. Most of the time, this will be true anyway, because either your base type will be object, or else you
will be adding data members to your base type, and therefore increasing its size.

We set the class flags to Py_TPFLAGS_DEFAULT.

[ .tp_flags = Py_TPFLAGS_DEFAULT,

J5+8 B9 0] 2SNk FUTh Hoj % Thol 4 33704 ol E RE WHE BTk
2319, 3 2] 12 OR o of g o,
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tp_docol B SAEY S AT

[.tpfdoc = PyDoc_STR("Custom objects"), }

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

the API function PyType_GenericNew ().

[.tp_new = PyType_GenericNew, ]

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

if (PyType_Ready (&CustomType) < 0)

return;

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

Py_INCREF (&CustomType) ;

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

J

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

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

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

[build-system]

requires = ["setuptools"]

build-backend = "setuptools.build _meta"
[project]

name = "custom"

version = "1"

in a file called pyproject .toml, and

from setuptools import Extension, setup
setup (ext_modules=[Extension ("custom", ["custom.c"])])

fifo

= setup.pya]'*‘i‘ gdo g o2; o

[$ python -m pip install . ]

in a shell should produce a file custom. so in a subdirectory and install it; now fire up Python — you should be able
to import custom and play around with Custom objects.

287 oA et 2187 @upal
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2.2.2 7|= of|x[of| dIO|E{2} HIME F7}517]

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

#define PY _SSIZE_T CLEAN
#include <Python.h>
#include <stddef.h> /* for offsetof() */

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;

I3
return (PyObject *) self;

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

if (!PyArg ParseTupleAndKeywords (args, kwds, "|0O0i", kwlist,
&first, &last,
&self—->number) )
return -1;

if (first) |
Py_XSETREF (self->first, Py_NewRef (first));
(th sle] Aol Al<)
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}
if (last) |
Py_XSETREF (self->last, Py_NewRef (last));
}

return 0;

static PyMemberDef Custom_members|[] = {
{"first", Py_T_OBJECT_EX, offsetof (CustomObject, first), O,
"first name"},
{"last", Py_T_OBJECT_EX, offsetof (CustomObject, last), 0,
"last name"},
{"number", Py_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;
I3
if (self->last == NULL) {
PyErr_SetString (PyExc_AttributeError, "last");
return NULL;
}

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

}

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

bi

static PyTypeObject CustomType = {
.0b_base = PyVarObject_ HEAD_INIT (NULL, O0)
.tp_name = "custom2.Custom",
.tp_doc = PyDoc_STR("Custom objects"),
.tp_basicsize = sizeof (CustomObject),
.tp_itemsize = 0,
.tp_flags = Py_TPFLAGS_DEFAULT | Py TPFLAGS_BASETYPE,
.tp_new = Custom_new,
.tp_init = (initproc) Custom_init,
.tp_dealloc = (destructor) Custom _dealloc,
.tp_members = Custom_members,
.tp_methods = Custom_methods,

bi

static PyModuleDef custommodule = {
.m_base =PyModuleDef HEAD_INIT,
.m_name = "custom2",

.m_doc = "Example module that creates an extension type.",

(TH5 sl el Aol A)
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.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;

if (PyModule_AddObjectRef (m, "Custom", (PyObject *) &CustomType) < 0) {

Py_DECREF (m) ;
return NULL;

return m;

o] Ao BEofl= o 7HA WA Aol st

The custom type now has three data attributes in its C struct, first, last, and number. The first and last variables are
Python strings containing first and last names. The number attribute is a C integer.

AR AL e 2] AAE YT

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

} CustomObject;

olA e & tlolE 7t A7) wiEell, AA dF D Al ol &l 5 AT oF Fuh H a3, EF
SiAl =7 283tk

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

o]+= tp_dealloc WH o g Ytk

[.tp_dealloc = (destructor) Custom_dealloc, }

This method first clears the reference counts of the two Python attributes. Py_XDECREF () correctly handles the
case where its argument is NULL (which might happen here if tp_new failed midway). It then calls the tp_free
member of the object’ s type (computed by Py_TYPE (self)) to free the object’ s memory. Note that the object’ s
type might not be CustomType, because the object may be an instance of a subclass.
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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;
I3
return (PyObject *) self;

223 7S tp_new WH ol A FUTh:

[.tp_new = Custom_new,

J

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

tp newe A2 F Hs FA B Feha7t Adadx 31 HH, WFEA] custonType ¥ B2+ (5 Y
tht g0 522 o A98 BE AX7 AGH o), ol drdas Bad Aoz 7ggyr)
tp_new A 217 A A A 719 = AAE Lol ol AW, FF AAE FAISHAL AR A 2 € 27135 (C
S tp_initth Fo] o] inic ) WX EOA EAF YT
0 Iz
Ael= 27t 25 & Aol2hA, tp_newe BA AL R tp_initE TE3HH A FUTh
tp_new 782 tp_alloc £X%& S &3t W2 e & @I h
[self = (CustomObject *) type->tp_alloc(type, 0); }

w22 Dol A 5= Qloj A, A 8t7] Aol tp_alloc A37FnuLL o] obd 2] 2ls oF gyt

0 ix

£ tp_alloc €52 AR A4 &dsUth A pyType_Ready () 7} Wl o] & S (7] 2F L
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0 #Fx

If you are creating a co-operative tp_new (one that calls a base type’ s tp_new or __new__ () ), you must not
try to determine what method to call using method resolution order at runtime. Always statically determine what
type you are going to call, and call its tp_new directly, or via type->tp_base->tp_new. If you do not do
this, Python subclasses of your type that also inherit from other Python-defined classes may not work correctly.
(Specifically, you may not be able to create instances of such subclasses without getting a TypeError.)

AaE2 ZAGE AT HE QRS WolEol & 2713
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static int
Custom_init (CustomObject *self, PyObject *args, PyObject *kwds)
{
static char *kwlist[] = {"first", "last", "number", NULL};
PyObject *first = NULL, *last = NULL, *tmp;

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

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

}

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

}

return 0;

OJAC & tp_init EFS A YTh

[.tpfinit = (initproc) Custom_init,

The tp_init slot is exposed in Python as the __init () method. It is used to initialize an object after it’ s
created. Initializers always accept positional and keyword arguments, and they should return either 0 on success or
-1 on error.

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

if (first) |
Py_XDECREF (self->first);
Py_INCREF (first);
self->first = first;
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static PyMemberDef Custom_members|[] = {
{"first", Py_T_OBJECT_EX, offsetof (CustomObject, first), O,
"first name"},
{"last", Py_T_OBJECT_EX, offsetof (CustomObject, last), 0,
"last name"},
{"number", Py_T_INT, offsetof (CustomObject, number), O,
"custom number"},
{NULL} /* Sentinel */

bi

18T tp_menbers =50 Fo & Y&t}

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

g
=

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

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

The method is implemented as a C function that takes a Custom (or Custom subclass) instance as the first argument.
Methods always take an instance as the first argument. Methods often take positional and keyword arguments as
well, but in this case we don’ t take any and don’ t need to accept a positional argument tuple or keyword argument
dictionary. This method is equivalent to the Python method:

Lol AL AA 7L BAL ol B AxAT 22 VB olgte AL ¢ S o FYyh
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def name (self):
return " " % (self.first, self.last)

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

oAl MM EE B UTh HIME Ao v A2 whEofoF P th

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

bi

(note that we used the METH_NOARGS flag to indicate that the method is expecting no arguments other than self)
18]l tp_methods Xl thY & th:

[.tpimethods = Custom_methods, }

Finally, we’ 1l make our type usable as a base class for subclassing. We’ ve written our methods carefully so far so
that they don’ t make any assumptions about the type of the object being created or used, so all we need to do is to
add the Py_TPFLAGS_BASETYPE to our class flag definition:

[.tp_flags = Py_TPFLAGS_DEFAULT | Py_TPFLAGS_BASETYPE, ]

Werename PyInit_custom() toPyInit_custom2 (), update the module name in the PyModuleDef struct, and
update the full class name in the PyTypeObject struct.

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

from setuptools import Extension, setup
setup (ext_modules=|[
Extension ("custom", ["custom.c"]),
Extension ("custom2", ["custom2.c"]),

1)

and then we re-install so that we can import custom2:

[$ python -m pip install . ]

2.2.3 OIO|E| HEEZ|REE O MZSHAl 015171

In this section, we’ 1l provide finer control over how the first and last attributes are set in the Custom example.
In the previous version of our module, the instance variables first and last could be set to non-string values or
even deleted. We want to make sure that these attributes always contain strings.

#define PY SSIZE T CLEAN
#include <Python.h>
#include <stddef.h> /* for offsetof() */

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

} CustomObject;

(TH5 sl el Aol A)
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static void
Custom_dealloc (CustomObject *self)
{
Py_XDECREF (self->first);
Py_XDECREF (self->last);
Py_TYPE (self)->tp_free ((PyObject *) self);

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

CustomObject *self;

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

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

Py_DECREF (self);
return NULL;

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

}
return (PyObject *) self;

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

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

if (first) |
Py_SETREF (self->first, Py_NewRef (first));
}
if (last) {
Py_SETREF (self->last, Py_NewRef (last));
}

return 0;

static PyMemberDef Custom_members|[] = {
{"number", Py_T_INT, offsetof (CustomObject, number), 0,
"custom number"},
{NULL} /* Sentinel */
bi
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static PyObject *
Custom_getfirst (CustomObject *self, woid *closure)

{
return Py_NewRef (self->first);

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

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

{
return Py_NewRef (self->last);

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

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

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

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

(TH5 sl el Aol A)
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static PyMethodDef Custom_methods[] = {
{"name", (PyCFunction) Custom_name, METH_NOARGS,
"Return the name, combining the first and last name"
by
{NULL} /* Sentinel */

bi

static PyTypeObject CustomType = {
.0ob_base = PyVarObject_ HEAD_INIT (NULL, O0)
.tp_name = "custom3.Custom",
.tp_doc = PyDoc_STR("Custom objects"),
.tp_basicsize = sizeof (CustomObject),
.tp_itemsize = 0,
.tp_flags = Py_TPFLAGS_DEFAULT | Py_TPFLAGS_BASETYPE,
.tp_new = Custom_new,

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

.tp_methods = Custom_methods,
.tp_getset = Custom_getsetters,
bi

static PyModuleDef custommodule = {
.m_base = 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;

if (PyModule_AddObjectRef (m, "Custom", (PyObject *) &CustomType) < 0) {

Py_DECREF (m) ;
return NULL;

return m;

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

static PyObject *
Custom_getfirst (CustomObject *self, woid *closure)
{
(Th= o] A ol A1)
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Py_INCREF (self->first);
return self->first;

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

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

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

PyGetSetDef TZ A2 vl d-& w5 Ut}

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

J18]3l tp_getset EX° TFFYTh

[.tp_getset = Custom_getsetters,

PyGetSetDef T2 A ] npA] 2t 52 QoA AF3 “FZA” YUt} o] A9, FZ2AE AE3HA] ¢o}
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static PyMemberDef Custom_members([] = {
{"number", Py_T_INT, offsetof (CustomObject, number), 0,
"custom number"},
{NULL} /* Sentinel */

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

if (!PyArg_ParseTupleAndKeywords (args, kwds, "|UUi", kwlist,
&first, &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;

—~
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>>> 1 = []

>>> 1.append (1)

>>> del 1
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In the second version of the Custom example, we allowed any kind of object to be stored in the first or last

attributes*. Besides, in the second and third versions, we allowed subclassing Custom, and subclasses may add
arbitrary attributes. For any of those two reasons, Custom objects can participate in cycles:

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

>>> n = Derived()

>>> n.some_attribute = n

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

#define PY SSIZE_ T CLEAN
#include <Python.h>
#include <stddef.h> /* for offsetof () */

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 O;

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

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

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) {
(ke sl ol Aol A%)
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Py_DECREF (self);
return NULL;
}

self->number = 0;

}
return (PyObject *) self;

static int

Custom_init (CustomObject *self, PyObject *args,

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

if (!PyArg_ParseTupleAndKeywords (args, kwds,

(o1 sl o] A ol A A1)

PyObject *kwds)

"number", NULL};

"|UUi", kwlist,

&first, &last,
&self->number) )

return -1;

if (first) {

Py_SETREF (self->first, Py_NewRef (first));

}
if (last) {

Py_SETREF (self->last, Py_NewRef (last));

}

return 0;

static PyMemberDef Custom_members|[] = {

{"number", Py_T_ INT, offsetof (CustomObject,

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

static PyObject *

number), O,

Custom_getfirst (CustomObject *self, wvoid *closure)

{
return Py_NewRef (self->first);

static int

Custom_setfirst (CustomObject *self, PyObject *value, wvoid *closure)

{
if (value == NULL) {

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

return -1;

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

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

return -1;

}
Py_XSETREF (self->first, Py_NewRef (value));
return O;

(TH5 sl el Aol A)
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static PyObject *
Custom_getlast (CustomObject *self, wvoid *closure)

{
return Py_NewRef (self->last);

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

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

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

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

}

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

bi

static PyTypeObject CustomType = {
.0b_base = PyVarObject_ HEAD_INIT (NULL, O0)
.tp_name = "custom4.Custom",
.tp_doc = PyDoc_STR("Custom objects"),
.tp_basicsize = sizeof (CustomObject),
.tp_itemsize = 0,
.tp_flags = Py_TPFLAGS_DEFAULT | Py _TPFLAGS_BASETYPE | Py_TPFLAGS_HAVE_GC,
.tp_new = Custom_new,

.tp_init = (initproc) Custom_init,

.tp_dealloc = (destructor) Custom_dealloc,
.tp_traverse = (traverseproc) Custom_traverse,
.tp_clear = (inquiry) Custom_clear,
.tp_members = Custom_members,
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.tp_methods = Custom_methods,
.tp_getset = Custom_getsetters,

bi

static PyModuleDef custommodule = {
.m_base = 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;

if (PyModule_AddObjectRef (m, "Custom", (PyObject *) &CustomType) < 0) {

Py_DECREF (m) ;
return NULL;

return m;

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

return 0;

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

spo] W2 visit e TE S AE Sk py_visiT() WARE AT @Yk py_visiT() & AHSSHH,
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Custom_traverse (CustomObject *self, visitproc visit, woid *arqg)
{
Py_VISIT (self->first);
Py_VISIT (self->last);
return 0;

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

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

]
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static void
Custom_dealloc (CustomObject *self)
{
PyObject_GC_UnTrack (self);
Custom_clear (self);
Py_TYPE (self)->tp_free ((PyObject *) self);
}
Finally, we add the py_TPFLAGS_HAVE_GC flag to the class flags:
[.tp_flags = Py_TPFLAGS_DEFAULT | Py_TPFLAGS_BASETYPE | Py_TPFLAGS_HAVE_GC, }
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At HEUTE AL A A tp_allocol U tp_free A 7S FAF oW, <3 7M1 A £ AS 4
ol TR oF FuTh thEE] gL As oz Awd M-S A YT

71E FollA g A FFF S e T s UTE & o] B3 pyTypeobiect & A AHEE = 3lof A,
W oA A5t 7E 7 syt 28 28 ol o] 8 pyTypeobject FX2AIE F317] o8l
& gy

A A .
In this example we will create a SubList type that inherits from the built-in 1ist type. The new type will be

completely compatible with regular lists, but will have an additional increment () method that increases an internal
counter:

>>> import sublist

>>> s = sublist.SubList (range (3))
>>> 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 O;

static PyTypeObject SubListType = {
PyVarObject_ HEAD_INIT (NULL, O)

.tp_name = "sublist.SubList",
.tp_doc = PyDoc_STR("SubList objects"),
.tp_basicsize = sizeof (SubListObject),

(TH5 sl el Aol A)
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(o] sl o] A ol A AI)

.tp_itemsize = 0,
.tp_flags = Py_TPFLAGS_DEFAULT | Py TPFLAGS_BASETYPE,
.tp_init = (initproc) SubList_init,

.tp_methods = SubList_methods,
bi

static PyModuleDef sublistmodule = {
PyModuleDef HEAD_INIT,

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

bi

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

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

Py_INCREF (&SubListType) ;

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

return m;

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

typedef struct {
PyListObject list;
int state;

} SubListObject;

shA e AR ) 2 Ao AL Wol2q o) A FEA 7L R WA grel o of BTk AP Wol Ay

oln] F2 A9 A2} HHB o] pyobject HEAD () & Z 3 ).

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

static int
SubList_init (SubListObject *self, PyObject *args, PyObject *kwds)
{
if (PyList_Type.tp_init ((PyObject *) self, args, kwds) < 0)
return -1;
self->state = 0;
return 0O;
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We see above how to call through to the __init__ () method of the base type.

ol & ALg A F O] tp_new®ttp_dealloc WHE 2t S IS v S 2FUTE tp_new A& 7] &
AAZ tp_allocd AHE3te] Ao Wre & WX W, vlolx Fe27F AHA tp_newdS &3}
2] 2] St= & 3l oF ).

PyTypeObject TFX A= B P wlolx FHAE A A=t = 3] Z Y=
std g EAZ A, pyList_Typeo et FZ2 2 G =8 QG A 5 JdF5Uth Uzl 28 278
Shroll A =35 oF gt

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;

J

byType_Ready () & T 7] Aol § TEA| to_base S50| A9 A gloloF FT 71 B spAT
o], PyType_GenericNew () & tp_alloc €52 S 2= Sttt -Hlo]Ad 9 do} St-7F AFH

Y.

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

2.3 =g Folstl|: of2] 7Hx] FH|

o
TEL A= dFT A=Y TR 0] e ol el Fol 71 E Alwst7] A AdUth

S
TheL T T A S AR AL & A% BE L A pyTypeobiect 9 A9 YLtk

typedef struct _typeobject {
PyObject_VAR_HEAD
const char *tp_name; /* <ML, "<module>.<name>" I 4
Py _ssize t tp basicsize, tp_itemsize; /* 2t (allocation)$ */

/* B

of At
o

=

(gl
wlo

FTASE CIME

destructor tp_dealloc;

Py_ssize_t tp_vectorcall offset;

getattrfunc tp_getattr;

setattrfunc tp_setattr;

PyAsyncMethods *tp_as_async; /* °IT°le tp_compare (Zf°l¥ 2) -
tp_reserved (Zf°lY¥ 3) & UGS I */

reprfunc tp_repr;

(TH5 sl el Aol A)

46 Chapter 2. H|AtX} =7 Qi0| &% D= 7|

—_



Extending and Embedding Python, Zl2|A 3.12.11

(o] A sl o] A ol A Al
/* BF 2®Aag YT N 29 s/
PyNumberMethods *tp_as_number;

PySequenceMethods *tp_as_sequence;
PyMappingMethods *tp_as_mapping;

F

/¢ F e BE AN (O THYS AT ATl +/

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

/¢ A/ SR PHT PHECTe FE o4/

PyBufferProcs *tp_as_buffer;

/¢ AW/HF TsS TAE e TE2 4/
unsigned long tp_flags;

const char *tp_doc; /* A %TAM Z = #x/

/r 2EE 20914 TFY =40+
/28 PGS THe T BN AT TE T4 </

traverseproc tp_traverse;

VA= B B b ot B I =S e
inquiry tp_clear;

/+ WEE 2001 TFE )
/BRI D vy

richcmpfunc tp_richcompare;

/AT HE FYA </
Py_ssize_t tp_weaklistoffset;

/* SIS =°lS 2/
getiterfunc tp_iter;
iternextfunc tp_iternext;

/* 2R E Slaag=e g2 3=y </
struct PyMethodDef *tp_methods;

struct PyMemberDef *tp_members;

struct PyGetSetDef *tp_getset;

// Y Pele I FE, IY Yele YL ¥z
struct _typeobject *tp_base;

PyObject *tp_dict;

descrgetfunc tp_descr_get;

descrsetfunc tp_descr_set;

Py_ssize_t tp_dictoffset;

initproc tp_init;

allocfunc tp_alloc;

newfunc tp_new;

freefunc tp_free; /* X% E< "I = ©iF F T */

inquiry tp_is_gc; /* PyObject_IS_GC & */
(Th= o] A ol A1)
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PyObject
PyObject
PyObject
PyObject
PyObject
destructor tp_del;

*tp_bases;
/% =EA=
*tp_cache;

23 =M~/

o

*tp_mro;

*tp_subclasses;
*tp_weaklist;

131

Z- IR B

unsigned int tp_version_tag;

=Hh=.

destructor tp_finalize;
vectorcallfunc tp_vectorcall;

=

=

‘0‘1

/5 9 E 1=t
unsigned char tp_watched;

} PyTypeObject;

= ) =5 R = e

HA 2 690N

(o] sl o] A ol A AI)

x
S

TEH QS

*/

oA WA =7} o} g U th U F AASHA] upH AL - ALY Bt = o] Jlod, o] F IR FHT
Aol S 4T

otup 2| F7kA] of &gl X o], o] Aol th3l A3 B 1 thFst A 2] 7] of tf st 2pA| S A HE AT A YT
o A G v x= B2 F A o QlojA, Zxﬂoﬂ AogH FAE AgshA] = A9y
OB AEs T AT RS TS A Fol A %S WA FE 1 A

[const char *tp_name; /* QA& & */ ]
PO o] F - o] H Zol A AFA o], o] A2 o Zol A Yet=d, A9 I FA4 Ut 13
RN g0l A AL AGFAN <!

[Py_ssize_t tp_basicsize, tp_itemsize; /* =

F=t (allocation) %

*/

1

E 3z
o\';q’_y‘l'l"a

A,

3ol A0 REC L TR A
EELEEEECER )

g Fs el G FUTh ol 7HH o]
olmf tp_itemsize BEZ} Frol L ch

[const char *tp_doc;

o] 7] 0]l Tho] M AT E 7} obi.  doc

F4)e9eF sy B
o)Al 712 g vl A =0l thal Ao B AFUTH- TR FgP ol AL AE AT

2.3.1 mlo|da|~|o|Ma} shek SHA|

[destructor tp_dealloc;

J

of Y4t Yo Qv ne] F2 057002 FolEH ol M AE T 1S AVEI @
o TEHUTH A2 Fol A w7t AU 3 718 F e Zde] eH, o7l ¥ 5
A5yt A AA = A 714 s Al oF Ut o] T ofl= ok s th
static void
newdatatype_dealloc (newdatatypeobject *obj)
{
free (obj->obj_UnderlyingDatatypePtr) ;
Py_TYPE (obj) —>tp_free ((PyObject *)obj);
}
ol 7Hu A =AE A A3td, A A= W@ BEE A7) Aol pyobject_GC_UnTrack () & S &3l oF
Sk
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static void
newdatatype_dealloc (newdatatypeobject *obj)
{

PyObject_GC_UnTrack (obj) ;

Py_CLEAR (obj—>other_obj);

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

L

A T4 TR F AT F ot AR T Y E IUE FA Folok = AY YT
JE|Z e e 7} gto]H 28 & = HS of & & A 7] 7} Z]"l" 3Z2H7] HH—ErC’ﬂ FagUch 28] (B4
7 Ql Hkgho] ofd) lﬂ Aa H 74 wi, &F A 71 7F | 2] 7} o] HAH ] YIS &5 U= T sk
AL O RAE 2 A AUtk B HA Y Ao 2ok sl W EA AR 5 YES St
FRZALAAT ADAALE BT L ALk e AelunlE} £FHER G £ G
o8 AT Ll PYL FATA Qe 21 SA5] Aol A% $A A9 E Aot SR
BA3l= AYYth pyErr_Fetch () Q]rPyErrfRestore( i 7\}‘9"‘5}01 T sy th
static void
my_dealloc (PyObject *obj)
{
MyObject *self = (MyObject *) obj;
PyObject *cbresult;
if (self->my_callback != NULL) {
PyObject *err_type, *err_value, *err_traceback;
/e A= ALY FEE NFYET A/
PyErr_Fetch (&err_type, &err_value, &err_traceback);
cbresult = PyObject_CallNoArgs (self->my_callback);
if (cbresult == NULL)
PyErr_WriteUnraisable (self->my_callback);
else
Py_DECREF (cbresult) ;
/- MFE A9 geEle w @Y </
PyErr_Restore (err_type, err_value, err_traceback);
Py_DECREF (self->my_callback) ;
}
Py_TYPE (obj) —>tp_free ((PyObject*)self);
s
0 Iz
g A FrolA FASA AT 5 Q= ZAHolle AFe] AUtk WA, o] 7HH| A +AS
A Y9354 (tp_traverse % /EE*‘L: tp clears A}‘Q-ﬁﬁ/\ﬂ),tp dealloco] T=% uj ZHZ]]./] QX dw 7}
AHAAY stojdete]= E 5 JFUTE EA, tp_deallocol A, AA= £ T *JEHOH ASHE}-
FxAF7H0d Y (A9 011011/‘13}7‘%01) AtastA] §-& AU APIE S& 61 tp_deallocs THA|
&3 o), o) F A% FE0) AT 5 Y<vich
glo] A 345 B, tp_deallocel H3gt sto|de|A| o] ZEE 94 i, Al AE-2 tp_finalize
3 M NES AL Aol ESUTH
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e ] B

PEP 442 A| =& shol d el Ao A A A S AW

23.2 M =S

stol oA, A HAE £
(print () FFEIA str () S &

reprfunc tp_repr;
reprfunc tp_str;

tp_repr A7) 52W A2U2e) BAS TS 24D AR BEs ok gtk oL 393
gyt
static PyObject *

newdatatype_repr (newdatatypeobject *obj)
{

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

tp_repr A 2| 7|7 A/ G A o, AB 22| Bl& F 9 tp_naned} AA 9] I{ AE e AHgotE £

= Ay
tp_str A2 7]= str () o th3k 2l o] a1, $] ol A "‘ji“é'aitp repr A 8] 7|9} repr () 7] BHA|

o
s
rlo
i
N

Atk 5, sfold TEA AA ) ARH20|A ser () & B2 T SH Y, FHE o repr B9
9% BAHAL, A3} EALE ALerel A8 o7 A% AT to_ser & A oHA &0, 1preps

A2 717k th Al A Ut
=2 e oA gtk

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

2.3.3 O{EE|RE #z|

JEZHEE AAT & v BE AAlo ta, a3 B2 o] E | FHE 7L 45 = (resolved) = Al of
She s Al B Aok T O EAHES AW 5 Y B0k (U7} FH o] Jriw), JEIRES
AT E e T4 () 22 HE A4l 3 SHTIE) 7 Jolok YU Th o EHE Al AL SuT FSol
o, A 2] 7)o AgH A ghel nuLL YY)

go]lH 2 F A o EYRE A7 E AP U o EREES A Hote F2 &2 Fvt 7 dsHH
HUTH Aol AL @ AL o] Ee) HE o B2 chart 2 7811, THE 4 pyobject+ & o5 ol The
AUk 7H e wA nelo) o Aga A4S AL 5z uTh

getattrfunc tp_getattr; /* char * BT #/

setattrfunc tp_setattr;

/r L. x/

getattrofunc tp_getattro; /* PyObject * ST */

setattrofunc tp_setattro;

ARS] o= 2ol AL Aol Fg DY @
G4 pyobjects ML AFHE ol AHSE S It

-

>0 Chapter 2. AR =7 10| &3 BHE 7|



https://peps.python.org/pep-0442/

Extending and Embedding Python, Zi2|A 3.12.11

OJEHE Al 7)o 3t AA DR Ao $A3] AHA T AL t5 AR S et v AYSS
AHEBIEF A R b2 oA 7} Ee] st
HE 0{ERIRE &2
R 8382 7tuet o] EgHEYW AL T UL 2Ythd, ol ERREES e BtEE AL
2ol Uzl EZ&oFsl= d 71 2 AR Q5 U th

. E9) o] 2 Folob Tt

o) B2 ojEalRE g 7S ANHE AW EL B BolEh AT & ol ADE FA o
$elalAAL

PyType_Ready () 7t &2 wf, @ AA| 7} Fx k=379 H| o] &2 AH&sto] & A A9 g A 2ol uj A =
tr2adHE UREUth A Haa e e dada AR o o ERE tfg A2 E At
Z+ ol B2 Ae A YUt Al 7| RFE7bnunno] ¥, 39 JAEH A= wo| AT A AL o] EgHERE
ZHA =W, tp_getattro®} tp_setattro ZEE NULLE YA Fo|of oA o] JEZHEE AT 4

25Ut
Hol2e g AR A Bez Ay Uk

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

tp_methods 7} NULL ©] o} W, PyMethodDef 2 A Q] w & Zz 3ok 3H ). H ol B9 7+ 3}
F2AL Ax"d A g

I
rlo
u
o

typedef struct PyMethodDef {

const char *ml_name; /% HME °lE x/
PyCFunction ml_meth; /r 3+ ThE +/
int ml_flags; /5 2R3 sy
const char *ml_doc; /rF EAEE] 4y

} PyMethodDef;

Fo A AF= & 2z wl A=l tha 3hite] 3HE-g A o] sl oF FuTh; w o]~ 6301]/\1 LH mA == 3
o] A 3Hx FHFUh upA e shute] 7 5ol o e E& b}EM = Al €] (sentinel)
Jytt. AlE L,i_‘fﬂ ml_name ¥ Z4= NULL ©] o] oF T}

T A HolEL dadrof AHgE HolEo A P E JERESE A :
theFet 71 &2 Cfﬂ °l AQE ), A 2L 97 Agol A g 27d 5= JdFUTh Hol 89 +RA+

che 3 2ol Ao gk

typedef struct PyMemberDef {
const char *name;

int type;
int offset;
int flags;

const char *doc;
} PyMemberDef;

gl o] &9 7t %‘%Oﬂ ell, AT HE 7 FAH L Foll F7hE o] Adxda FRANA e F2E 5
A 9‘43} ype YE+£ Py _T_INT UPy_T DOUBLEE} 2o 3 T2 Z3Ha oF gl o] ghe ol A
ar Cglh 2bell Wghshe = A3k vl AHEH U flags W= o E R E] A Adhs g =
Alolshs E2 L& A4St vl AR Y th: ©] 5 py_READONLY 2 A A 31 Tho] W I E7} o] & A A 5HA]
EEE AT 5 AsUTh

tp_members B o] 8- Ah§-8to] A8 A Zhol]l AHEH = 2T HEE 5ot 29 FUEL o] HL ©]
PHOo® HoH HE JEHET T3] H °1%°ﬂ HAEZ A o AAH S2EHS /M
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o= Ad Yt 28 22 332 Y5 7 Ab(introspection) APIE Al-&
AW, TR __doc_ AEFHE %}ﬁ@inea%@g¢%§qq
ml

tp_methods H| o] &3} u} 271X 2

g olEaIRE Bal
1t

3] 7] 15, chars WA € o] 719 A o A| g T name A o] Fo

pyObject* M 7he] A7t Aol H AU th o] o Al= 912 HE A2} & ﬁE—E 22 AL T3
Agh, kol # 220 #718 W5 A UL ALIA e Uth A2l7 Bo) BEEE AL Adelnz,
7le & Aok ik, RS s of &4 olsl E = AT
tp_getattr H27]= AA o | ERE 237t ded o] aEHUh SH 29 _getater_ () A
Tt eEsE e AR 22 42l 2sg Yt
o< o= Z5Uth
static PyObject *
newdatatype_getattr (newdatatypeobject *obj, char *name)
{
if (strcmp(name, "data") == 0)
{
return PyLong_FromLong (obj->data) ;
}
PyErr_Format (PyExc_AttributeError,
"'$.100s' object has no attribute '%.400s'",
Py_TYPE (obj) —>tp_name, name) ;
return NULL;
}
tp_setattr A 7= ZF 2 A2EHAY  setattr_ () °]Y__delattr. () HIAE7I S 0 &=
Utk olEZRHES ’%Xﬂ"HOF 5tel, Al |Al wi 7 ¥4 nuino] g Utk ohg2 %%61 of &1 & T4
A7l oAl duth o] Aol AR ofglio] Yot AR b, tp_setattr A 2] 7] NULLE B F o] of
ok
static int
newdatatype_setattr (newdatatypeobject *obj, char *name, PyObject *v)
{
PyErr_Format (PyExc_RuntimeError, "Read-only attribute: %s", name);
return -1;
}
2.3.4 A H|
[richcmpfunc tp_richcompare; ]
tp_richcompare 27| vl 7t 2o o =gk OS2 FRT L A= s

S}H, PyObject_RichCompare () £} PyObject_ RlchCompareBool()ﬁ]Ql Hﬁiﬁijiééfithk

o] g F /Y Tl AA| 2} A4ALE QAALE ALSFle] S EH UTE o 7| A A4HA= Py _EQ, Py_NE,
Py_LE, Py_GE, Py_LT B2+ Py_GT 5 st Uth AAHH A4A= F AAE 823kl v Lo ***6}“4
Py_Truel Py_Falseg, Hlﬂﬂ TR A Fkon thE A9 vl WA EE AT oF sttt S
UEF 8l py_NotImplementedS, o 2] 7} A A W nuLL S wWHSHs) o gy T}

W% QB9 2717 Zow drka sk ol H el g A E TAL e 2E Utk

static PyObject *

newdatatype_richcmp (newdatatypeobject *objl, newdatatypeobject *obj2, int op)
{

(TH5 sl el Aol A)
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(o] A | o] A oA A A %)
PyObject *result;
int ¢, sizel, size2;

|n
-

/* 5 QAFTNF R 5 newdatatype D AF ZHQA°e 2
DEDE =T 5/

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

switch (op) {

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

FUh ol H 3 AR T o] 28 ALG 3] A3 ABE = FA A

ol F4 UHF o)A F thrE ol FH N 270 ALH S YTk 53], AL v d A A
1}

ERETL ASRE sho| MY YRAFUT e TRE S-S A7] Aol gt 3718 U Th 3
7319l ofe) A 27| Relol] S ok R Fe) A4S, oA ZLEE S o AR /L F ok AT 2]
220z AR gtk A4 o] 49 ]9l Y AAe] 27} &Fo] 9lou], SF o] £AFIL <
B2 2] )7} Selsl of g2 vebul = Zel o vl =7k A H v (@A EEE £ gtolwiiol ohd e

de A gk Fos SR EAS RS 448 5 QAT S EL A8 AYAA %2
%+ A%vieh)

PyNumberMethods *tp_as_number;

PySequenceMethods *tp_as_sequence;
PyMappingMethods *tp_as_mapping;

AR AR} A AJAA £= w3 A ;‘q] A8 ZAF3E=E s, C¥ pyNumberMethods,
PySequenceMethods ¥+= PyMappingMethods & 7} 7 T & o= 72 A9 FAE i X Pt o] 22
A2 AA3) oz Ao AL o ie HAduth sto] W AA W ZE O opjects T B E 2o A o] &
2k Ag A E FHE S 9}%1414

[hashfunc tp_hash; }

0431%:_‘—01 Asst7|z AT, o] e ol @ Axdxof thak sfA] AE whehsf oF T o
oo rgk o Yok

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;

(TH5 sl el Aol A<)
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(o] A | o] A oA A A %)
return result;

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

[ternaryfunc tp_call;

o) B HlolE 99} 4204 58D Wl 5291 o8 Eo, 0010] ol WS} 20 noln
o] AT HE objl ('hello") 7} T&E o] Q9 0W tp_call A B 7|7} = Yth
o) Gt A A9 QRS A F ok
1. self = S Z9 Aol HolE g9 AA2EHAJ YT T2 objl ('hello') Olﬁ,self% obj1 Y Yt}
2. args= BEO) HE GRS = FEQUT pyarg parseTuple () & A& A4S 25T
T AsUt
3. kwds= AEE 719 = A “’41’11’4"“45} o] A ] NULL O] ofY il 7191 = XS A g5k
PyArg_ParseTupleAndKeywords () & A& 3}] QRS FEFHAA L. 7Y E AXE X AsHA &
o1 Ao worn o] S, A A7 A A b A A9 A ypeeeror & B AR
HAS

it tp_call 7EL =3 ZsUth

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

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

if (!PyArg ParseTuple(args, "sss:call", &argl, &arg2, &arg3)) {
return NULL;
}

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

obj->obj_UnderlyingDatatypePtr—->size,
argl, arg2, arg3);
return result;

V2 Bt i B V2
getiterfunc tp_iter;
iternextfunc tp_iternext;

ol g olHYoH ZEEZ AYS AFFYULE F A7 BF A3 e v/l W, T2 =
CARAE A A DL BB, oI AR, o9 S 2D s & WAL T
tp_iter—= 3ol _ iter () WA Z | M F3}L, tp_iternext—= TO]W _ next_ () HAZ A G
SRy

B E olHHE AAl &= ol d ol H AAE W3S of 3t= tp_iter A7 E FH3NoF FUth ThS2
s}o] A Egaﬁéoﬂ AL = T5 AU

I~

R R T DL BEERELEE R R
wjube} Af o) el o] B 7} whE 0] A] 11 93k of of
. S W oEEo]E P 4 -
o g Az g A2E w
@ sl of g,

A Bl 2ES FE)9 43, tp_iterS 55F
kel
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BE olH ¥ ol AA= tp_ 1ter9)r tp_iternext & BF FA oF FUth o|EH & o] B9 tp_iter A &
71 ol e o] E ol th gt A 22 F2E vhEsl of YT tp_iternext A8 7]& o] E{# o] A9 thE A A
(Jehd) o 1‘41??} *H Iz E urs oH oF gt ol glo] o] Fof]l E&3H, tp_iternext+ o9& A4
BFA] ¢F 31 NULL2 WHHSFA U, nULL = RF&SE= 210 B 3fl StopIterations AR T 4 JFUTH A&
5t o] At FdE = AFuUth AA ol g7} B, tp_iternext £ T ) E A A,
NULL-S WHSH3) oF g T}

2.3.6 5t & x X|H
sholme] okst Hx T A £E F b Aol F23 AA (74 2P ol g Rk BAYA 7 A F 3
RE o] okt Az wAYF Fol B £ A= E s A YT

o 17

weakref 2Eo] o3l A 1A,

AA7F F5HA 2 4 Jodd, 33 o] tp_flags 2 E 9] py TPFLAGS_MANAGED_WEAKREF H| E
AR oF st} @ AA] tp_weaklistoffset E= 022 X5 o oF g T}

TAACE, AAow AAR G AA L o d ATk

static PyTypeObject TrivialType = {
PyVarObject_ HEAD_INIT (NULL, O0)
/6. FTYE AN DY e AN L
.tp_flags = Py_TPFLAGS_MANAGED_WEAKREF | ...,

5

pal

7

F A2 tp_
Itk Ayt
static void

Trivial dealloc(TrivialObject *self)
{

dealloc©] (PyObject_ClearWeakRefs () & T =3t]) BE I3l IR E X

e Jo
ko e
50

N

/¢ ARG LEOT O BN FW FEE FNGHT #/
PyObject_ClearWeakRefs ( (PyObject *) self);

VAP e B = [ U RS e T e B B B SR 74
Py_TYPE (self) —>tp_free ((PyObject *) self);

2.3.7 F7I N2t

A oeole e EA HAEE T S L

) FEE FL3A A L. Oobjects T
dE 2R o] 5 tha, C & 5o A tp_of ¥t

A
5l ZA (] & &9, tp_richcompare) <

Ecl
=
ﬂ'b

AAFYA L. TAN L B B 2S5 9S AUt
A7 78 59 GO T4 Q126 217 18] oF 3HH, pyopject Typecheck () F4E A4 A L
4§ ol The 3t 23U

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

o 1o

CPython 2 A A E L2 34 A 2.
https:// www.python.org/ downloads/ source/
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GitHub 2] CPython < & A € CPython £ A
https://github.com/python/cpython
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CPython®] C 42 273}
.pyd).

oL

setuptools & A& 51
A BT

PyObject *PyInit_modulename (void)

32 0
zo
th s
1+ O
-

448 2738 =
FEHN S

O]L}PyModuleDef ol A~

ASCI 2 ¥} o] 0] 3] o]
71 4] <modulename>S &
25 ol §ol A8k o 4,
ko] % 9] punycode 13 0.2 <l

nﬂx

T eholBe B Ut (& S0, Bl s s

g}o] B & 2] 7} pyTHONPATHO]| Qo] ok 3}, =& o] &
_9_]:]]___ vq.o] o] = o] AE o7 /\g/\élﬂ 141;].

ulti-phase-initialization &

.so, Y&

S w528 9948

rr

i

Yt} A 8 Y& initializing-modules <

;}—/,\—9/] 0] &2 PyInit_<modulename>©] o] of ST} o
AFR- & o] ASCII 7} oFd
PyInitU_ <modulename>°]u1<modulename>;:

2 oAl gk ol Aol A:

def initfunc_name (name) :
try:

b'_

except UnicodeEncodeError:

suffix

suffix

return b'PyInit' + suffix

' 4+ name.encode ('ascii')

b'U_' + name.encode ('punycode')

.replace(b'-",

ofe] 2713 58 A9 5ol B T eholn
dz= old 4 g A8 4 o
FoEdas ] Mg Uk A L P

2.4.1 setuptoolsZ C2} C++ EHZF HIE 517

oA oy RES UHEE 5 3l
ZHE AFEs ok Yt 7|2 AH o
EP 4899] “3} glo] H gl gof oj 2] =

Python 3.12 and newer no longer come with distutils. Please refer to the setuptools documentation at https:
//setuptools.readthedocs.io/en/latest/setuptools.html to learn more about how build and distribute C/C++ extensions

with setuptools.

2.5 BFI=0A C2l C++
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RE QEAE F2 Aol YRYAL gHUh e BEE A TP 4EAE B 5
9)\7ﬂ —5‘]—134 Eﬂ, void _declspec(dllexport) initspam(void) 1/]— PyObject _declspec(dllexport)

*NiGetSpamData (void) ﬂ Eé _declspec (dllexport) \:'/]'3’_ A Cdﬁﬂ o]: @"/} q—

Developer Studio+= AA| 2 B Q314 92 W X E go]BH & A dojA Ad 5t <F 100KE
2G| AS S AAS Y, Z2AE AA O3} 4R 55 ignore default libraries S x| B3 A 2.
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B3l o] 28 AL§3H AU th o] A o] At

SgEeadN 4 4T 48T I ~3YES AR A AU o) AL o5
So} 3ol el o] W A4k S vl A8E 4 5T

#define PY_SSIZE_T CLEAN
#include <Python.h>

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

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

}

Py_SetProgramName (program); /* optional but recommended */

Py_Initialize();
PyRun_SimpleString ("from time import time,ctime\n"
"print ('Today is', ctime (time()))\n");

if (Py_FinalizeEx() < 0) {

exit (120);
}
PyMem_RawFree (program) ;
return O;

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

3.1.2 012 neFE LIES G0{M: 712
D47 QE ot S8 22 I A P ol TEE AAT 4 Yk IS ATAAL, Ao
HlolE @ ABsE Aol W AAFG U 1) AATA A5 20 55 AL b T o Be
CREE Agso st tAl, AY RE AL 94T 4 A yTh
shol Mg Bste A3 st WS AT AL ThE o EoE B7eha ¥ 2L FFolghe Hol
FolaloF gtk o)A Aol A =0l PR E 2A = ]3] KR o] 24L& B A2 Y, Fho Mol A C
29 Y TEF WA R S A2 A HAA S

1. o Eghe sho] ol A C2 WE3tn
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o ¢
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o] ol A shol Aol A C= Hl ol Bl WEkshe Wy} 1 e ool
317 b4 th ), 2ol SnhE ST BB ThE s A o
o QHmeHE FoE AR haA] gonE, ofd FoA Do

= Aol A vk A4 Y.

sholl 23 Y=o M 398 G458 AWkt DEE ohe T g h

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

int

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

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

int i;

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

return 1;

Py_Initialize();
pName = PyUnicode_DecodeFSDefault (argv[1l]);
/* pName<| 1% ZAr7t SA=FE AS -1 = +/

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

if (pModule != NULL) {
pFunc = PyObject_GetAttrString(pModule, argv[2]);

/* pFunct *M&EE FTF= Y- +/

if (pFunc && PyCallable_Check (pFunc)) {
pArgs = PyTuple_New(argc - 3);
for (i = 0; 1 < argc - 3; ++i) {
pValue = PyLong_FromLong (atoi (argv([i + 3]));
if (!pvValue) {
Py_DECREF (pArgs) ;
Py_DECREF (pModule) ;
fprintf (stderr, "Cannot convert argument\n");
return 1;
}
/% A 7°IN pvalue FEE ZFF IS #/
PyTuple_SetItem(pArgs, i, pValue);
}
pValue = PyObject_CallObject (pFunc, pArgs);
Py_DECREF (pArgs) ;
if (pValue != NULL) {
printf ("Result of call: %1d\n", PyLong_AsLong(pValue));
Py_DECREF (pValue) ;
}
else {

(TH5 sl el Aol A<
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(e]A sl o] A ol A A<
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;
}
if (Py_FinalizeEx () < 0) {
return 120;
}

return 0O;

o] =L argit] § AHE 2 =83, argv(2] oA BHE B E TEFUTH
15 DAE gyl 48 gEUUG o 22 g e wo}zﬂ%}m R
ERLE

ot BB A, T e e shol 8 gl

def multiply(a,b):
print ("Will compute", a, "times", b)

c =20

for i in range (0, a):
c=c+b

return c

TeW A3t e} 2otok Fuith

$ call multiply multiply 3 2

Will compute 3 times 2
Result of call: 6

£ Fto]® 3 C Atol 9 HlolH W&t o2l s
= oA " A Y o

ZZ2 o] 7|5 Rt 43 E HolA vt
$13k AU shol W WA Ba g
Py _Initialize();

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

o
Z

Mo 4z
Ao

=
KN

Az Ry

)

qw

pModule = PyImport_Import (pName) ;

IHZ | HE 27|38t &, AT YEE PyImport_Import () & AFE3le] ZEH YT o] FEH2
J]'O] A ERAEE Q5= PyUnicode_DecodeFSDefault ) o] HE ‘ﬂ% AHgsto] A3 g Yt

pFunc = PyObject_GetAttrString(pModule, argv[2]);
/* pFunct Mg FE A= +/

(TH5 sl el Aol A)
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if (pFunc && PyCallable_Check (

t
Py_XDECREF (pFunc) ;
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[pValue PyObject_CallObject (p

Func, pArgs);
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static int numargs=0;

/+* g% =2
static PyObject*
emb_numargs (PyObject *self,
{

=] =y

= 2

=
=

Py

if (!PyArg_ParseTuple (args,
return NULL;

static PyMethodDef EmbMethods |
{"numargs", emb_numargs,

{NULL, NULL, 0, NULL}

bi

static PyModuleDef EmbModule
PyModuleDef_HEAD_INIT,
NULL, NULL, NULL, NULL
bi

static PyObject*
PyInit_emb (void)

"emb" ,

5 TFFITHE 2/

Object *args)

":numargs"))

return PylLong_FromLong (numargs) ;

] {

METH_VARARGS,
"Return the number of arguments received by the process."},

{

NULL, -1, EmbMethods,

return PyModule_Create (&EmbModule) ;

ez

a2 9ol
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AN Al L. TS Py _Initialize() ol T

numargs argc;

PyImport_AppendInittab ("emb",

&PyInit_emb) ;

2 Z280f Zio|M LESH|
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o] F &2 numargs S 27|38}, enb . numargs () &5 WAH sho]d AEz 2B 7} QA 28
S % ST 0|8 B A B, SO AL O e 0l A9 AT 4 AEUT
import emb

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

AA & ZR2IF A, o] L S& ZE I APIE Foj Mol =&t

3.1.5 C++ 2 Il0|M LHZEHS}7|

SOl g Cot Z2I0) YA 5HE A /5T ch o) 2ol o YA S S A= A8 E Cor N2 T
AR ARl 2 lgUth ANHO R Cr+2 W9 22 IWL A, Crr AT G5}
22098 Aok DL oF FUITE Creg AHEstol shol W AR thAl Ao T B2 it

3.1.6 A AHLG AAHIOAM Hutdat 2133517

Sholdl AT T el e & S8 =2 1ol A A ATLeE (S FA) o] B AT Bh1E R Aol &
et A = ks Uth 9], £3] glojwo] Ao A H2H CE5A FH(.so D)o FHH o] B g
2l RES ZEs) ok sty WYyt

o3t Ande| HA S E o, dA Ao dHE WA H pythonX. Y-config ATAHEE
AT JFUY (python3-config ATHELE AME 7@ = U, o] 23 HE & o2 4
ol o, a3 A2 ASL o 2ol A4 78T AdUth

pythonX.Y-config —-—cflags+ AT Y T oo g4 S 1 & AlFFch

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

pythonX.Y-config --ldflags —-embed+ HI T ujo] AR ZH1E A2}

$ /opt/bin/python3.11-config —--1ldflags —-embed
-L/opt/lib/python3.11/config-3.11-x86_64-1inux—gnu —-L/opt/lib -lpython3.11 -
—lpthread -1dl1 -lutil -1m

o ¥ s A B 7He] (53] A28 Sho] Az} ol &R o] A AT AT vho] A 1he)) B&HL 3 3eld,
J

pythonX.Y-config® Zt) A2 & A2 3= Aol &5t

o] dat7} 04341‘?2 Al ZEstA vt (RE 2 AL SHFANA 4535 }% A BHAE A ¢
SUth A quL% FPUh, 54 J30] Bak A0 PAE At Aoli} shol A
9] MakefileJ} (I YPYAE o sys conflg get_makefile fllename()‘—z_-/\]-% St Al L) Aad
AL /\}*‘HOF?}MD}. oluf, sysconfig RE-Z oejio] ZFael= T4 S =2y o=
FEaedl f88 =T YU o 5 Bol:

>>> import sysconfig

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

>>> sysconfig.get_config_var ('LINKFORSHARED'")
—Xlinker -export-dynamic'
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0[0
<
bl

>>>
The default Python prompt of the interactive shell. Often seen for code examples which can be executed
interactively in the interpreter.

e 2e A5 M2 4 dedh
o The default Python prompt of the interactive shell when entering the code for an indented code block,

when within a pair of matching left and right delimiters (parentheses, square brackets, curly braces or
triple quotes), or after specifying a decorator.

e Ellipsis WA Ab4.

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

2to03 is available in the standard library as 1ib2t 03; a standalone entry point is provided as Tools/scripts/
2to3. See 2to3-reference.

abstract base class (34} Wo] &~ Zgj /\)

FA Mol FYAE hasater () 22 T HIZY S0 EHSI AU v ESHA ZEH (&

UH’“ HAE) 4, 015%41]0]"2 7‘443}% TS AT TFoE N Ero]l s S H et ABC“
7HE AR iaﬁi\_‘; = 3t=d, FHAE ASSHA] YO HAE isinstance () £F issubclass ()
of o5 ZAE = = ZFH2EH U abCLﬂEr AHAE A L. ol xel& B2 W ABC 9]
et = th2d 22 AESo] 95U th AE £ X (collections.abec EEA]), A} (numbers
BE A, 2EH (ioc BE /\']) O]:_LT’:E At 2} 2 (importlib.abc EE|A]). abc EES
B A AT ABCE THE S 9134 o

annotation (¢] %= €] o] A)
HFol w3 JE B AR EHE A, SR EYRE E= A wi/ibs Ut gy A2 H
g o] E At

—- =
| O]/H_ 2 47 25, 22, F42 _ annotations_ S oJEE|HE AAFH YL

2)
o] 7152 AW ek W4 o] b o] 4, 34 o) 1| o] 41, PEP 484, PEP 5262 &2 3H4] 2. o] gl o]
A 2+ o] tf 8t =¥ Ale]| &= annotations-howto S 2R 3HA| 8.

drE s u o (B vAs) 2 deH e j FERY AV s th
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719 = 1=} (keyword argument): 3 & vl A E A7} oll 22 AR} (N E £0], name=) EE
**g_%q B gAY e AgEE 9.
5¢ BT 7I9E AR Y th

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

o Y X QA R} (positional argument): ]-°r o) A} 7} o} 9l =} ol ]
Ve A olE e E 9 ol x & 2o AET 5 UTh o & &0, 2R Z2 TE00A 3
5= 25 A AR Y-

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

A7 4 uir)e] o] B B A

Ao AL FHHCR, ojdH &

SR AR

Lo]Z 9] 1 7] ¥ 5= =T FAQ AR A28} w7 4= 9] x}o] 2} PEP 3625 H A &
asynchronous context manager (H]57] A~ E #e 2}

_aenter__ () & __aexit_ () HAEE AT O EZH async with Fol|A] H ]

= ZA]. PEP 492& T 95 gi qu}
asynchronous generator (H]3%-7] A1 Eﬂ o] EJ)

H-57] Al d o]y olH el olE & S8 F

+Hl, async for 27} /‘}%%‘—? 21% d# 9 %k%% UE = yield 3

S

HE ulE7] Avdele & 7He] 7] A w o | W oA = vlE 7] AlvdolE olE e ol &

AR S Eahe o v 7} BEA 4 A9k, AAT o2 AN 2ERE QAT

B % 7] AlFd olE] e await EA AT} asyne for £} async with 2 8 4 5t}

W] B 1 Lk o] o 9o 485 & 7 280l vl £ calls
402 ARz ASE 5 A5th TR kel A e

rlr
oﬁ,
o
)
2
o

asynchronous generator iterator (8] 7] A & o] €] o] €] & o] ¥])
v]5 7] Al ol g g7t e AA.

057 o) E)2 ol E] AW _anext () & EFSHE ol Ao AHE AT, )AL THE yield
FHA 714 v 5 7] A E ol B o] vhr B AR g

Zyielat ANA O R A2l B FTHeE, (N M5ESTH 7] 5 uy-B5 L Eele) 4 e E
ﬂ“ﬂW%]Eﬂﬂdﬂﬂﬁﬂﬂﬂﬂﬂﬂ_ﬁmm_uﬂ%ﬁ%%Eaﬂﬂﬂ%ﬂH%i

A=A, {3t o g2 B} PEP 4922} PEP 5258 2 A 8

asynchronous iterable (8] = 7] o] €] #] &)
async for oA AR HE 4 = AA. __aiter () WA EE H]S57] oJgdolE & E8F o

U PEP 492 2 =5 95yt

asynchronous iterator (8]% 7] o] €] & o] E])
_aiter () & _anext_ () FINEE FASE AA. _anext () = olflelHE AAE =
] FoF &t} async for+ StopAsyncIteration o9 7} @Ay IIH 77]-X] H| 5 7] o] g o] &<
_anext_ () HIAEZFEHFE A o]HES FUTh PEP 4922 = YF 5 Th
attribute (o] E 2] HE)
Ta AEAN L ABIIE B FasE ANL AUk A& B, AA 07} =R =
€ 7HA9, 0.a A ™ FEE U
It is possible to give an object an attribute whose name is not an identifier as defined by identifiers, for example

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

awaitable (o] $J] o] €] &)
await BHA N AR ST 4 9= AA. ZFEH o]y} __await_ () HIAEE 7F] AR 71 E = A5
t}. PEP 4925 H A 2.
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BDFL
A8 28 £ 41 = 2] A} (Benevolent Dictator For Life), < Guido van Rossum, 3} 0] % 2] Z-A] 2},

binary file (B} o] 2] 3} Y)
o] =R AA5S A3 % 5 gl 5 A velve) shdel o2t mrolve BE (xby,
'wb' = "rb+') B a4 -qu-?_:l sys. stdln.buffer, sys.stdout.buffer, io.BytesIO 9/]— gzip.

)
GzipFile o] A2HAE & F 9}1%‘4 =
AE Al

o thafAl = Bl 2= ohd &=

K

str A7E 912 4 9

b

FZSHA 8.

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

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

bytes-like object (B} o] E Q& A A))

bufferobjects & A Q3L C-A5 HEHE JAXE & 5 QF5 YT o8 & %memoryvmw AAEL
E£0|1 bytes, bytearray, array.array AA 5 3T} H}O]EQ AA =2 vlol v g
dolE & thF& o8 71A A4tEdd AHSE 5 Ut &5, vhol v e 39 = A A, 5‘—7“% s

A 2e Agel dHUTh

=

ol A4S L upol Ui HloE 7k hM AL B sk AHUTh o] d ASo] AWML BF <ol 1
2] Mol E QR AA hy EAFUCE W B3] A o 2 bytearray S bytearray
memoryviey 7t SIGU T THE AE e whol P HolE B A (197 A8 welEAR
A7)l AHES 2 7T ol @ A9 ol 24 byces 9 bytes AR 9] memoryview 7} A%
k.

bytecode (H}o]E F &)
ol A~ FEFHo|E FER e =, CPython AE z g oA Tho] A =2 13 Y §
HAYYTH il E I E = pyc Il A Hof, T2 5L S F HA AT off o W} A v
Utk (oA H]'O]E F=EZ AHTLS -’46]’/\ AFYTLH. o] “FZFAo” = ZHlo] E T =9
-3t 71 AE A= 71 7 A A Aot 23Ut vlolE I == A E ThE Tfol s
7Hd 1A A e ALz 7R &, «4’0155 v 32 Zhel] Qb A o] A = gkt Aol Fo 3 o
.

ufo| & 3= w ol

callable (Z&] &)

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

i

o) m22 dis RE AP A o] LU Th

[callable(argumentl, argument?2, argumentN) }

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

callback (&)
AAt2 A== v o= A Fo A AP HH T8 T,
class (Z|»)
AEA Ao AAE
EHAEAYES
class variable (Z 2] A~ ¥

”ﬂ""ﬂ/ﬂxtlﬂ s FE (52U A2 20X 7} ok b oAt A EH = M.

complex number (&4 4)
5ot A Al Fd],

—’Foﬂ d? DAL Al E FT AU, FF FFAME 1=, FANE I E B7F U
o] M2 F242) VM2 2 B E 7B AJFUE slei 5 JRARE 2094 27184
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'

34 75 Uk,

context manager (8] A E 2]z}
An object which controls the environment seen in a with statement by defining _ enter_ () and
__exit__ () methods. See PEP 343.

context variable (&l A E W 4)
A variable which can have different values depending on its context. This is similar to Thread-Local Storage in
which each execution thread may have a different value for a variable. However, with context variables, there
may be several contexts in one execution thread and the main usage for context variables is to keep track of
variables in concurrent asynchronous tasks. See contextvars.

+13. math 25 B4 wdo] BR6HH, cmath S AHE YT B4 &82 7
3 QF Al =]
= - T

contiguous (J <%
HE = J83] C-dA% (C contiguous) o] A} EE & A< (Fortran contiguous) @ W) A< o]g}al o] A F
YT} A9 85 C- A% ol M A ZE Y A% Ut A v Lol A, FEELS A 2ol AL,
0ol A Al &8s 2 Ak ‘“/\-4 AR v =2 g ol ulj x| =] of oF Futh. thabd C-A % v ol A,
20 el GGl YEEE DD vl AU e W W, E
S oA, A A S8 2} 7k e W g .

coroutine (I €l)
mrde Angdel  dusie geguich Aarde & Aol A A
gE Ut ZFHUL o b2 A HolA APk, EEta, ANE = 5 UTh o] AE2 asyne
def 208 T8I 4 95U Th PEP 4925 H A Q.

coroutine function (Z €l 3t4)
FFZEH AANE EHF= 5. ZFH T4 = async def T2 F FoH 4= T, await &} async
forE]— async with 7|9 E& T 5 JFUth oA %% PEP 492 o] o]} =45 A5 th

CPython

ol z2 g Aol A A A, python.orgol| A ¥l 2 YTt o] &2 Jython o]}
IronPython 7 & th& 2153+ 738 B2 7k 912 w) §o] “CPython” o] A 1 th.

decorator (tl] 2.7 o] €])
g2 d4E 283 g5, 5 eurapper BH S AR S W3 o g A EH ULt g2
olE]9] &3l o= classmethod () I} staticmethod () YY
dagole FH-2 944 A 2HYE B UL v F 35 BY = 9] FEYUT

g
def f (arg):
f = staticmethod (f)

@staticmethod
def f (arg):

L J

22 7hgol Eel o A AR, & A5 2quUnt. v Z ol Hofl th e 5 AA T 82 T
gof ok 2el s Ao o dHAME EE gtk

descriptor (] A~ 3¢ E‘])

HAE __get_ () oY _set_ () o]t _delete_ () & AY3t= AAl. FeH2 AJEZFET}
H-oagH 4 rﬂ% 01 ZIHE Zﬁ =583 dZ2 g ‘?:lEZME‘r HE, abs JAY, 2AL,
A A B A ], ] FEl GV E oA b Bt o) & 2 AAE 5Tt AT b7}

Doz Ed, AR 0o g e AL T2 Utk Oaa T e E ololshe 218 shol 4ol
vek 2€ olsle] A4 elnl, B, A E, TR B, Sel 2 WA S, AEE WA, 3 2eA 32
A gL75Y 712 E ol R AV WP UTh

YT HE ] WA =Sl thak AA R W82 descriptors Lt 2T H B AR P A of] UF Y T

dictionary (5} A1 2])
Aolol 71 & gholl -3 A1 7]= A3 Al & (associative array). 7]= __hash__ () &} _eq () HIAEE
Zt= RE AAI7E £ d5UTh oA sfA et YT
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dictionary comprehension (5 A1 2] A Z 2|3l A)
ol HE A+ 84 AAY a—‘T'—a Agstal A3E G2 9 E vhEets A W
results = {n: n ** 2 for n in range (10) }—8—%}:11 *x 2°ﬂ UH-’J%7
£ A3 gt} comprehensions 2 #2334 Al L

dictionary view (5 A4 2] )
dict.keys (), dict.values (), dict.items () A E7t E83 AANEL I Y g Btz &
Uth o] AE2 9A g FEEo) thst 54 J%%xﬂ%é‘}%tﬂ gMAve 7t HAdE o, §7 o
e g dtE SdUth Y FE G B AER v List (dictview) § AHES}
H Yt} dict-views S H A S

docstring (5 AE )
S, T, EEOA A AR 284 08 UEvE 2AE g HE A EVHAYE uf= FAS
A%k Aokl o3 A H o] R FeH, T, BEY o] 4
JEZAFMNS S AT 5 Jou g, AR AYAE A 88 F44

duck-typing (¥ €}o]3)

VL2 ClEH o] 28 A A Heshd Ade] 9 0 e ze oy AHd v, Bes
A O E RS B AL A B H LT (ool A Holn e AY AAuc, e

e2th”) 5% Y thAilo AEF oA~ E 7‘2?‘“’&5‘1 ZAAE I+ D}ﬁé@‘ﬂ 225 5=t
o2 §AAL AME S UL UTh B B BL type () ot} isinstance ) & ALET AAE
et (8HA vE 5 Blolsg o] =4 ]i i Ealicd E% T Aol Fosf oF Futh) wialel,
hasattr () AANY EAFP Z2 18|94 &Yt}
EAFP

& 2R th= 845 £317] 7F 4 o} (Easier to ask for forgiveness than permission). ©] Z3] &2 4= 9l
ojM I AL, SHLE U o EGRES EAE 7ML, L 7 o] S W A9 E syt
o] 2T WLE 2B} S T try P except £ £AT S A FUTE o HZYL C2} 2L

T2 B2 9l ojof| A 2} AJ-&5] = LBYL 2~ et 3} tju] U o).

expression (%3 2])

oW groz A S Y BUA 22 e Br TUSY, AL 26D, o) F, o= HE
AL, AU FEE Q8 G2 EATE EH 2052 ol 27 AT B Be dols)
EECCER ‘ A, BN 02 AT S Pl

C}Cor2 A4 H R EQIT), ol 18] CAPIE AHE81 A 8141 o] L} 1§ A} =9} A5 28 o,

f-string (f-&2}<4)
£ e 8 9] $9 #A9 AEYE S £9) LAY cleha f 2, 29 4 96
o) Z Ut} PEP 498 2 H A Q.

file object (3} AA))

'8}-‘?« Aol sl 3t A& A API(read () Ywrite () T2 HAEE)E =8+ AA. BE9
W ol wel, 5hel 44 = A 623 4 M shelol L} ohe A% BA U B4 BA) (8 S0, ¥

,gzeﬂ A-w 22 W5, &7, gz, 55) ol st AMAE TATD = dFuch L A= 3t
= A (file-like objects) V} 2~ E ¥ (streams) olgta= E%W‘:}.
AA 2 E A H7o 5tY AR Eo] d5UTE GHraw) vho] 1 2] 312, ] 3 = (buffered) vlo| v 2] 9},
G ool o] 59 AEFol ko REA APt 3 AAE HEE TRAA L
open () %‘:}ZF%}Z\—L /\(Ql/]r’]'

file-like object (2} 2 A)
o AA o vl

filesystem encoding and error handler (3} A] A~ ") ¢l 7. 9J 3} of| 2] X 2] 7])

Encoding and error handler used by Python to decode bytes from the operating system and encode Unicode to
the operating system.

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

The sys.getfilesystemencoding() and sys.getfilesystemencodeerrors () functions can be
used to get the filesystem encoding and error handler.
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The filesystem encoding and error handler are configured at Python startup by the PyConfig_Read () func-
tion: see filesystem_encoding and filesystem_errors members of PyConfig

ZALdFY T HA L.

finder (3} Q1)
dEEI RES AT =Y

F S FAdY7F A5 UTh: sys.meta_path & FA A& StE HEF A2 9kl 9} sys.
path_hooks 3} T AF&8h= 4 2 A E 2] 9felH.

T Z}A| 8k Y82 finders-and-loaders &} importlib S ZZ A Al L.

floor division (A 4= U=A))

il
B

o ¥ A E3= AA.

g 7 A2 Ugete 5t Ul e YAl daxtes // th o E Sof, 3 4] 11
/] 48] 3 27}HX1L,%a_#b‘rﬁ“c*é!—%z.wa%rﬁzuv}. (-11) // 47F-2.758 Y 3t -39]
= of 9-9] 3 oF et} PEP 2382 R A 2.

function (g+4*)
TEANA oW S EHFE €HY BAE. YA T o3y AR 7 ADE £ (=, vy 9
Ao AbgE 4= s th w7l 4= & v A = 2} function A A= HA Q.

function annotation (4> o] €] o] )
= uf) AR = up WESE Zhe] of g o] Al
S ool A2 dutd o g § S E 2 ASEE YL o & £0], o] £ F HY int AAE
‘%‘:‘0}‘: d Ao g 7IthE a1, TA|o) int ¥ S = Ao 7 Z|gg Utk

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

Sk o] . H o] A B
o] 7= A3t
annotations-howto = %+

L function Z o A A ™ ]}
= o] - H| o] A I} PEP 4842 2 3HA| . FESF o] ;| o] A of] th 3k 2 Al =
B

2.

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

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

garbage collection (7}8] 2] 4~ A)
o AFRE 7] b w R e 2 uhgdets Al glo] WS Hx 35 A Fr 3SR e 2
T A= & 7R = AZIE S8 7HIA S AS 3 FUTE 7 A =AY = B

Alolg 4 5Tk

generator (] ] #]| o] €])
Al el olHdolE] & 28T+ 5. Ut A H Hojed, 499 s UEvw
EAAL LPTIE Aol HEUTE o] G52 for- 232 2 AL 3 AU next () B 3 Mol SHLpA
A /J\ Sh=2
HE A ely g5 7t kel
Bk o) ] 7t M EEtA] k-2 A9, AT Sl E A A Ei@% %i":ﬂ‘%"%-
generator iterator (] ]2 o] €] o] o] ¥])
A d ol E 4o e A,

Zyielat AN Ao 2 A2l T, (N ASET 7] £ uy-E5 L Feals) 43 e S
71l g Al el ol ol Elel ol 8] 7} A fH W, W 2o ' BTtk (BE 0T A= A Zaje
gt4of el g Y Th.

ESE
N
X,

o
2

o 18,

il

\=)
=2
>
rr
)
s
£
_CL
—l_l
_VE
£
o
_WL
\1
N
AU

i
i
)
1o
k
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generator expression (A2 o] €] 3 2])
An expression that returns an iterator. It looks like a normal expression followed by a for clause defining a
loop variable, range, and an optional i f clause. The combined expression generates values for an enclosing
function:

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

generic function (A4 g <)
22 AMdEARGEZSd e AT AY
232 g Eel o 24 g vt

A2 Yau A —Q-O%;Q 82 3} functools.singledispatch () Bl Zd °]EQ} PEP 4435 H A 2.

42 PHE G5 SE ) ol P AFBA L

mln

re

<

8:

generic type (A ] &
w7y 43 & " Je F; REH O E 1ist Ydict 9 22 AH ol FE 2. 3 SIES} o] . H| o]
Aol A8

For more details, see generic alias types, PEP 483, PEP 484, PEP 585, and the t yping module.

GIL
Aol QEjmelE = 2 HAL

global interpreter lock (A& QIE] = 2 € &)

gk Hof @ 2 shito] Ay =7t shol A HPO] FE AP F B 918 CPython ¥ 2 2]
H7F AREStE Ml AU E. (dict ot 22 SRS WHFES 2F6te) A4 Bdo] A A S 2 FA
°M11Mﬂ off 3 JH}E% THE 0] A CPytho n +3AL G s U e ZelE AXE A=
AL AHZEE Fad =3ty A v=s g, ts —'-Elﬂiﬂ 2 A 7} A 2ehe W E A o
e - R IR

SHA¥h ol 4 RS2, BT AR BT, S olu e 22 AL A FA A A S AT
= GILS ¥hdst= 5 A A5 Uth =3 1/0E & uf= 374 GIL& Whd 3y th

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

Hl
0\1

Q

hash-based pyc (3] ] 7] 4} pyc)
2L E7] A8l S A 3L HF 53 Al7bo] ofd SjA|E AHE- 8= Hlo|E T E A
9} Y. pyc-invalidation2 % 5}1A| 2.

hashable (3] A] 7}%)

A7 < *E 1 kol tﬂfsw Ok FAIZHS 23 (__nhash_ () WA =7 FBaF ), k2 AR}
HaE ¢ QoW (eq 0 MIAEZFER3YT, A 7k st ok 2o vl a s = s Al
7hs g AA =9 oH/«l%}E Zotok gyt

NA 72 AAE 9P Zlv A W E AR 5 A sk, o] AR FEE 0]

HAoz A gE AHE37] Wl E Lyt
o] 2 U AAEL 5 Al 7}‘53’:}14@ BFl2EYYAAYE 2L2) 7d AdH ol v E2
A== ‘E%’Q FZ ol frozenset Z-2) & AH oY E 8 dE9 84E° A 7S u
Al 71 c}. }% AL H2 Z A AdxEx AAEL 7| EFH O Z A 7 UTh (AH]
A4S Xﬂﬂﬁ 1) BF 2o v u s A, siA ghS id( E—‘%Ei Tso Yyt

22 fo]

—.—4LL[‘?E
:“

sto]l & st 53 /i d 35 27 (Integrated Development and Learning Environment). idle 2 3} ©|
W] 2 vz ol ete & 7 53 4?_1 #3719 e Z g€ 349

immortal (£3%)
Immortal objects are a CPython implementation detail introduced in PEP 683.

If an object is immortal, its reference count is never modified, and therefore it is never deallocated while the
interpreter is running. For example, True and None are immortal in CPython.
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@

immutable

My
=
2
)
@R
A
3
o
kel
o
3

T oA AR S e WAE 4+ gl
S ol of Pt W aHAl g oAl o] STk 3t F oA

r;g\l (i

of¥ zfy K
FO oo
12
sk
filo
o
T
=
£
i
e
2

@B Esl el M} o e Sl Shel 0 T A ABE 4 AR S A,

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

interpreted (QJE] Z 2] €] &)

dlo] = 3= Aupdele] £A] wl o] 1 FRe] B8 A7) = SA T, sl e Ask Y Aoj 7} o]
gz el dojUrh o AL WA Ao R A% Y S WEA FIE, 42 AL AP AL
Stk =9tk 12230 & o A W3] AW 7L AT, AE ZE ol BE A5

AojrEot g2 N/HW A 71 25Ut dlehd = 2AS.

interpreter shutdown (21 €] = 2] €

o
o

Badiohs 248 We U, ol AL A = HAY A1 AYSHen, Lol el A

FRR UL T2EY 2L BE UFE ANES AR O v Th B3, u)A] 57 &
el 8 F 2Pk A8 42l I A veakrer 21 e e e A 4
Yok $5 A7 5 AgE s IEE T o952 whd 5 b, 27 0] 9 E5HE AU E o]
o 7564 92 5 9/ WEAUCHES ol& eholBelel mE ol Lt 43 4 E e

iterable (o] €] E—]-—)
AHES g o 3
A 53‘: ,dict &2
__getitem_ uﬂ }“1

B2 5 9t AN, oH e B o2& BE (List, str, tuple ZE
AA2BE, 5 AAE, srer ) hAAS AEE FARE
Seh o] AAE o] Y5k

o|H 2 &2 for —Er:E°ﬂ AHgE 9l /\l%Q% 2= = e B 3 (zip O, map (), ) ©
AHEE AU o HEE AATE WA T iter () ol AR AEHE, O 7“}1]4 ]Hﬂl"lﬂ =
EHFUH °lE1i‘ﬂ°lE1L%k of e e ﬂilhi"* FEAUL olHHES AHE S,

lmx&ﬁ
E,IU
E_A.u

HELiter() £ &AW olHHolH AAE A thE 28+ s Uth for"i——e— S PARSK-X
S EHAJEH/H Aeog slFed, F2E T+ A olHH O HE FotE ol F Sl M E

Ytk of Bl o B, Al 2, Al E| o B = HA L.

iterator (o] €] & o] €])
dolee 2E-S = AA. o]HHo]HY _next_ () HIAEENIEAHOZ SE51H
LHZ]"GLTneXt ZAGEH) 2EH JE= A EES X}Eﬂqiiiﬁzb]lﬂr o o]/de] dlo
< W= Al stopIteration 2] & F o Uth o] A A, o]E g o] E A= &7

94 BE _ _next_ () HAE=EIZTELS St0pIteratlon o2& thA] 4277 gk Tt ol E # o] Bl &=
olH#H oY AA A S EHF+= __iter () HAE=E 7IE 740] 875 7] wjZell, ole @ o] el =
ol Eol7| % dtal th2 o|HHEES ‘%‘:‘0}50]% 2o oA AHEE = A5y 8%
el o MY olgd o] A Ests ZEY YT (1ist Z-2) ZH oY AA| = iter () FT=E
A A for FZof| AFE T wfjuich A o]E & o] 8 & ThE U th o] & Z1S o] E & o] ¥ of] T 3 A]
st i &, A o e o] ol AFE-H o] A H o]HH olHE EeF A, ¥ AH oA H
HolA ”P“‘J‘:}

typeiter o] T 2} 8 Y& 0] QJ&5 U Th
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CPython =& A} A]l: CPython does not consistently apply the requirement that an iterator define
__dter_ ().

key function (7] )

7] &4 =+ Z 9 o] A (collation) 3=+ A E (sorting) ©] L} ¥l & (ordering) o] AF&-5H = @S 8T+
ZHEJ YT & 591, locale.strxfrm() < ZAY S YA WEE FE 715 d= 0

A& Ut

sto] ) Be EF7k 8 aFo] ol @A A Aol AL Fol=AE Aol A% 7 S
Wrol= AUt} ol AEol+= min(), max(), sorted(), list.sort (), heapg.merge (), heapq.
nsmallest (), heapg.nlargest (), itertools.groupby () O] 2;1"—,;‘1/] D]—

7] 45 wEE v o] Bl s Uth ol & 0, str.lower () FIEE Alo]& & Y=
e A7) T2 AL AvUh AR, 7] F4E Larbda AL O 2 WHE %
%]\‘—1:‘13], O] % /5] ?:] 1/] 1—4—: lambda r: (r[0], r[2]). 5‘5?}, operator.attrgetter (), operator.
itemgetter (), operator.methodcaller () 7} Al 719 7] Sk A XYY} 7] S8 511
AH&-3H= o] T & o] & Sorting HOW TO & H A 2.

keyword argument (7] 9] & 21 z})
A7 E HA L.

lambda (&t}

527 0 g PAAL S £AA 0= THE o F gt Aot I YT F4E BE
—E—‘ﬁ% lambda [parameters]: expression ?:]\4\:]-

LBYL
= 7] Z ol B2} (Look before you leap). ©] T AEIY L TZ 0L} 23| & 317] Ao A Ao = AFA
£AES AT o] 2D FAFP AT hu]E 3, B if 2] EA SAHA ALt
U 28 = oA, LBYL 22 “H7)7 &L <5 7" 2ol A 2 WA 2 A1l Y
t} o & £0], T E if key in mapping: return mappinglkey] ©= AA} Zof, 5}X 2 %3] Ao,
ChE 28l £ 7 keyE mapping) A A ASHE AsHE 4 Y&k o] & o] B o] LEARP H20 2
AgFomn 28 5 AUk

lexical analyzer (]3] &4 7])
Formal name for the tokenizer; see token.
list (B] A E)
g gfol M Al A, I o) FoT B3, Ya td AN 7o) o] 7] 2o, d2 gaE
(linked list) 2 Th= o} 2 A o] 9] wf @3} F-AHE Y o}
list comprehension (2] A E 7 = 2] 3l A)
ARz 845 AR EE AVE A 1 ADE PJLER FHFE T
['{:#04x}'.format (x) for x in range(256) if x % 2 == 0] =009 A]
59 1615 (0x.) S 33k £ALe] P 2ES BEYTh £ A
A, range (256) o d==2E 27 AHEFHYTh
loader (2 T)

An object that loads a module. It must define the exec_module () and create_module () methods to
implement the Loader interface. A loader is typically returned by a finder. See also:

« finders-and-loaders
e importlib.abc.Loader
« PEP 302

locale encoding (27| 217.9)
On Unix, it is the encoding of the LC_CTYPE locale. It can be set with locale.setlocale (locale.
LC_CTYPE, new_locale).

On Windows, it is the ANSI code page (ex: "cp1252").
On Android and VxWorks, Python uses "ut £-8" as the locale encoding.
locale.getencoding () can be used to get the locale encoding.

See also the filesystem encoding and error handler.
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magic method (9} 2] W] A4 &)
S A= 9 vFA A v e T

mapping (7} 3)
Qlolo] 7] 23] & X Y3}tal collections.abe. Mapping o]t} collections.abc.MutableMapping
FA ol ZH 2 o AAH HAEES FA3E A ol AA. 9+ dict, collections.

defaultdict, collections.OrderedDict, collections. Counter%Efﬁ )\HD]-

meta path finder (W€} 3 2 3}2lt])
sys.meta_path & A o] B F£ vlolr]. vE A2 st e 4= dEg vl o FHAF
97 A W U T,
HEel A2 ol 7 £dsl= WA =S US| A= importlib.abc.MetaPathFinder & K H §
Ut

metaclass (W€} S ~)

Felool Sof 2o Aol Feh o, Fehe AU, Vol s Felagl S5E B
WEF S A o] Al AAE WobA] Sej 2B L AYS AU D RR AR A FY 22 9
Y AL /1% AL AT el 0 S UEL AL ALY W FALE UE S
ST AU . T A8 Aol o] £} 15 B At DRk 4D, e Fe A
Ao Soke Y S AT o= HE A4 29 27 (logging), 2 ¥ = HAA ] F7L,
AR A 2, AZE TAD S OE o] g

o

metaclasses | A] O ZA 8 U] &2 28 4~ 95U}

method (W] A &)
el vty Goll A Y= &= T I A dxEAY ojEF 3| =
A WMA A2} (BF self 2L %%"/H ZoA2"dAAAELSFSULL -3 SHA 272 EH
AL
method resolution order (WA= 2 & 44])
AAS 8 $A S 230 B A E A
stol A Al ZE|H o ASH & Eo A

module(.aﬂg)
gfol A 7 223 49 & Gets AA. ZES 499 stolH AAE
Mqu} REE Y Al 93 sejHez zefych

h O

tlo]x 225 YU Th 23 DA RE
5 &2 python_2.3_mroS XA .

o

o}
=]

rlr
)
ul(if
ol
()
o

il
m:ln
m o
fu

[t
FI'F
&
>
oo
i
rlr
i
12
[t
r
i
o,
k
il
o
ot

o] 5 F 7} importlib.machinery.

rlr

w9

module-specs = H A 2.

MRO
A= 274 ¢4 & BAL.

mutable (7}H)
7hA AA = ol A 4 AT id() = €A FAFEYLE 2 & EA L.

named tuple (V| J & £Z)

“named tuple(] 91 = F-2)" o] 2h ol FIoIA AS8T o] BL o2 HES AL
Qe A G4 gl o] AAA T 5 Yk BE Folu} Ze 0] A8F Tk Foluh Fe ol
275 % 9L 4 A5,

time.localtime () & os.stat () 7F ¥F&3E 7S 2 83lo], o8] YA Hol Y d= TS Utk =
T}2 o] &= sys.float_info YUY T}:

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

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

(TH5 sl el Aol Al<)
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(o] sl o] A ol A AI)

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

True

QEIE T2 PR (9] o) YTk E, cupreo] A A48 o] 5 B WES Fojo)e
ARt F 2 YR U IE FE2 WE 5 dsUrh ol ;’EH" A3 2738 A, typing
NamedTuple = A3t A YV HE 2] T4 collections. namedtuple O 2 9UE 5 A5t 2219
AR 4G FAGAG R A AE FEoI A= 2L 5 Qe B A 2 A ES 2obalrl

)

HP7E A = a4 ol 302 99U R FAFUTh AAlo SHE ol & 37 (A= olA)
B A2, A 4§ 3 UGGk o8 FLE o5 S

o= uiltins.open I os.open() < 159 o] & F 7o

A o] B TUNEAR BRHNA BEoIA ASAR §4 WAl
E%% ZUt} oS £9], random.seed () =+ itertools.islice() Bt 2H 1 T

random ¥} itertools 2 EO| 95 +HEH IS 0] o &5 & U o

namespace package (]S Z 7} 3] 7] #])
22 AB 7| A 52 AE oy 75 ste 9714 ol F 2 37 A = A4 AV /e
?E a1, 53] __init__.py Fdo] glenz A+t 3 7] 4] 2k HE Ut
Namespace packages allow several individually installable packages to have a common parent package. Oth-
erwise, it is recommended to use a regular package.

ru]n
2
et
oY
o

For more information, see PEP 420 and reference-namespace-package.

2E X HAS.

nested scope (ZHH A7 =Z)
SR ALY oA AP E FRote 5Y. & 50, 2 T W R A Fod 4+ vbzd o
Y WMAES BxT 5~ UG FHH AnZE AR E S A B, S 57
Stk Zol Fojalof Fith Al M5 G e AT xo A 2T HUT BHRIA
A MEEL A o]F Tl A 92 FUTh nonlocal L M ATz 2= AL 3T}

new-style class (7+ 28} S ~)
Ao mE 22 Aol AEH T e Teha WA oA ol F. 27]9) shol W WA A=
QA FAetd EFd AW slots. ,YA2TAYHH, T E, _ ge tattributei(),‘g‘iﬂ/\uﬂ/\%c;
el WA =S 2o sholde) AEa chE A5 5S AET 5 U

object (7 A])
FH (EYREU ) & 230 54 (A E) o] BH BRE dlolE. 3L BEE 7w ZH~
g FEFAHA Wl FRAY YT

package (2] 7] A])
ANEBE RESOIUL AARLE A B 37 1%%
_path_ O|EEREZ} Q= shold REIL
B3t 714 ool 27 74 £ HAL
parameter (7f] 7] *H 4>
ﬂf(wLwHC)ﬂqﬂﬂvﬁvwg%¢
2 dEE. A T/ wi7HS7 sy Th
o A XA-71 Y = (positional-or-keyword): <] =] 1A} 1} 7] 9 AR AGE = A= AARAE AT
oE

=4
Uth o] Zlo] 712 FEje] mizi s d <ol tholl A foo 2k bar:

= 017 (E o AS AAE) B AHSHE ]S

[def func (foo, bar=None) :

;

o A X-A L (positional-only): 9 X 22+ A|-Z=2
B Aol W AAS B ) BAE TR
X1 posonlyl T} posonly2:

AT ARE AR A A8 A
LR A9 Ao oIS Sl ool
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[def func (posonlyl, posonly2, /, positional_or_keyword): ... ]

o 71 =-A§ (keyword-only): 7| =2 A2 = = AAE ABFUTh 719 =-A-8 w74
e o Ao o] mizh e F5 oA ol shube] ZFH-A A wif e+ & It 2 23 A
Aol 4= syt A& 59, th2oll A kw_onlyl 2} kw_only2:

[def func (arg, *, kw_onlyl, kw_only2): ... J

o 7}R-91 2] (var-positional): (T2 v 7H HFoll o] 3| A] o] m] vholZof 31 9 %] QA=RF=l T 3h)
11115‘ T AEAA A=Y Y9 AA2E ARG FUTE o)A M= i S o] 5o
5 gl 294 ZE 5 Uth & S0l thxoll Al args:

[def func (*args, **kwargs): ... }
o A9 (var-keyword): (FE WA M4 ) 3)A] o] v] wopS ol 719 S SIS0l B 3l)
AZE % gl Fel9l A5 9= P A M T
x5 ol FojA BoE A5 U oS 5ol A9 Aol A kwargs.
WA= A A AR A3 7| 2B ofygt AR FH o] A A4 AR AR S = A5
ek,
Ol 2} o] 7] &=, o1z} ufj 7| 4= 9] 2}o]of] 1} 2= FAQ A&, inspect .Parameter =22, function

A, PEP 362% EH]L.

path entry (3 2 A E2])
BRI IIE 7 AEE S RESS ZY] A6 Fushes dxE A= A st Fa.

path entry finder (7 2  E 2] 5}2lt])

sys.path_hooks ol = ¢
T HES F NS o

path entry hook (A 2 JEZ] F)
sys.path_hooks 17/]-/_\501] %1“5 %E{%?_Eﬂ, J—i;;g 733 OIHEE] oﬂ/\-] E%‘% 7_%]"15 ‘ﬁ‘——?,_- ?3]'_1__7 %]\E]’Eﬂ
AR dER Il E FHF UL

path based finder (7 & 7|4} 5} Q1)
712 v et A& 9l H & F ol Y2 E FE A RES FsUTh

path-like object (7 2-F 24 A))
gd Al2" AR5 Udetll= AA. A2F AA= A2E YW+ str Y bytes A A o] A
U os.PathLike ZE2EZE T H3E= AAYYTLE os.Pathlike ZE2EF S A Y3+ AA &=
os.fspath() &T& TS A str U bytes 3t A|2Hl 22 W ¢ 5UTh thal os.
fsdecode () & os.fsencode () = Z+ZF str YU bytes 235 HA3=d A2 4+ I5 Ut} PEP

S192 =94 lF Ut

PEP
Sho] 4 7} A A <k, PEP=
Ao Aze )5S A

< AE AFsloF

Tpol W AFYE o FEEAFFA Y sfold == 1 = T
B3le AA EA YUtk PEP+ Al ¢t 750l tid 2223 7] A

PEPL %8 A28 752 A QSha £Ao) B e AR U el 982 2 3km sho] o] Soizt 47
A4S FAR BEY A8 712 W AUZS AU PEP A4 AR AR E Yol A o) FE5
W oA B4 2 A ge] ey

PEP 1 ZZ3HA 2.
portion (3Z4)
PEP 420 o A 2] & A &, o] 374 571 o] o] upA sk shtke] v el efol) ol gl st £
A% ip 5ol AFH £ 2w BT,
positional argument ($] 2] <1 2})
AALE HA Q.
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provisional API (Z}?ﬁ API)

APLE EE ol acielol 3 309w (50 Ao A, Ak o 2]
& WS} oI AE AL QA R, A ol 2SI B Do) AR

37 8ol §AF A e WAl Yol & YUtk 28 WAL
£ 0% AYUT— APIE Taeh] Aol $2 FHsn 2BA e Ago
A<
T API| A 2 A%, A S84 o]
’%‘ H EASC sl 3A 524
o] A+ % ol Bl st L A
R UL o A S &2 PEP 4

provisional package (%73 3| 7] )
T APIE B A L.

Python 3000 (3}0] % 3000)
ghol A 3x w3 2hele] g (A 39 w7} A njgf o] o]okr| A A H o] whE0] X o] Fo|t}) o] A
= “Py3k” 2 £ 27| = Fth.

Pythonic (3} o] #t}-g-)
T2 doj oA dtAJA N 55 AHEalA ZEE FA sk Al st A ojol A 74 Ap AL
|5 U AdES 7ol 2 & ofoltoj b I & 27} o & S0, Fo] Mo A ApF 2= ot
for & AMEAA] OBl BB BRE 84F £33 8+= AJUth o2 g2 dojol & o7 /e
TAEC] o8B E, stolxe %61A] b2 AHEE-2 thAl o] =2} 7H2 JE A7) = ok

{for i in range(len(food)) : J

N

print (food[i])

B 2E, shol Atk Wy £ o] Itk

for piece in food:
print (piece)

qualified name (g 73} o] &)
nEo A AFZA RE AH e, T, WM o2 RS HolZ: Jog
2 o] 2. PEP 3155 o A] Ao Fuch 249 3ot Feh 2] 4o, A5tstd o] 22
o] 2% 24Utk

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

>>> C.__ _qualname_

lcl

>>> C.D._ _qgualname_
'C.D'

>>> C.D.meth.___qualname
'C.D.meth'

L

J

252 7He7]leu AHeE wl, &3] B34 ol & (fully qualified name) & 2 F- 52 9| 7| A &<
23 A RER = 7@2& EZH o] &S 9 gyrt}, o & E0],email .mime.text:

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

reference count (&= 315°)

The number of references to an object. When the reference count of an object drops to zero, it is deallocated.
Some objects are “immortal” and have reference counts that are never modified, and therefore the objects are
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never deallocated. Reference counting is generally not visible to Python code, but it is a key element of the
CPython implementation. Programmers can call the sys.getrefcount () function to return the reference
count for a particular object.

regular package (3 3l 7] A])

_init__.py Y-S =3t tHH L} 22 A5 A 37 A]
o5 FZF 7| A = HA 8.

__slots__
2 YR AAJ], AxBbAEYFESS At TS v Adstn dad A2 g g &
AAZeEZN HELE Z-}EFL & FuUth Q7] A7& AT o] Hl 2 Y2 SutE A AHE-5)
77 & AprhR e BolehA, Ww elo] W el S8 Z2 adeA Be S dadAs e SE
A9 ARse Aol F4 UL

sequence (X] @ 2)

ooiten 0 SEMASE S AL AALE NS RME 20 ANLE A U, N B

dolE 8 _len_ () "l 15% AYete=olHE. 22 WA AA2ES YEH B, 1ist,
str, tuple, bytes 7} ‘”’“HD} ict 8 getitem () I __len () S A GIA W, 23]

B o)Al Q2] 9] 6 4] 7hs 7B A7) Wl Eo] A AT b et v o 2 HFHE ke A e
3o gt

collections.abc.Sequence FAF Hlo] A AL getitem () 3 __len ()2 dojA XA
Z 23 o] FH o] A2E A F}=Hl, count (), index (), _ _contains__ (), reversed_ () = &7}
Tyt o] F4H AEH )AL FHI P2 register () EAMSHA HAH 2R SET 5 U5

Uk A A Qo] o8 A B E A 55 A AR A B
set comprehension (g 7 = 2] 3 A)
olE#E = 24 AAY LHE A éy}% G2 A vEstE 7
= {c for ¢ in 'abracadabra' if ¢ not in 'abc' '
U t}. comprehensions-& #2344 Al 2
single dispatch (A 2 t] A3 x])
TFdo] e ARFY] Fof| 712 AAE = Al E g gav] X2 g FE.
slice (& &}o] )
BE AR ) AE TP AR, Sefolat AR ADYE /S AL A wE ok
variable_name[1:3:5] A §, [] ¢tollA] o8] 7| A& FE8E FFYth ZE (HE 2
AYE) Z7H2 WH AL E s1ice AAE AT TH

soft deprecated (2F3s}A| H =] =)
A soft deprecated API should not be used in new code, but it is safe for already existing code to use it. The
API remains documented and tested, but will not be enhanced further.

Soft deprecation, unlike normal deprecation, does not plan on removing the API and will not emit warnings.
See PEP 387: Soft Deprecation.

special method (54 WA &)

gpoldo] ol ojH A4S, G 22, AP D FAHCE FEHEHAE oJH HNEE F
e BEZ AJFStAL ZUhE o] 52 2L 55U th 55 v A =& specialnames °f 4] & ¥H5 0] 4]
S

statement (F&3})
BHE A9 E (9 “BE(block)”) E FATE REAUT. BFL w34 oA A P=S
AH-g- k= o 8 7}21 TZ2E FY g yth 7H if, while, for.

static type checker (3 2 & 7 x}7])
An external tool that reads Python code and analyzes it, looking for issues such as incorrect types. See also
type hints and the t yping module.

strong reference (7}l 2+ %)
In Python’ s C API, a strong reference is a reference to an object which is owned by the code holding the
reference. The strong reference is taken by calling Py_INCREF () when the reference is created and released
with Py_DECREF () when the reference is deleted.
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The py_NewRef () function can be used to create a strong reference to an object. Usually, the Py_DECREF ()
function must be called on the strong reference before exiting the scope of the strong reference, to avoid leaking
one reference.

e gx T HASL.

=

text encoding () A E 2137 ¢))
A string in Python is a sequence of Unicode code points (in range U+0000-U+10FFFF). To store or transfer
a string, it needs to be serialized as a sequence of bytes.

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

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

text file (Bl A E 3} <)
sz AR D £ A ) A, $5, Ao HAL A2 ol= AY el 2=

on/q]/\g].jr_ HAE o %Z}E;qa]b-h/]\;} Eﬂ/\E _1].01_4 ocﬂi%e_qiggx_g r' e
2494 9+, sys.stdln, sys.stdout, i0.StringIo & A2EHAE E 4 95T
o= AR A7 B 932 4 9t e AR o) hAA L vhol U] 512 ® BEFAL

token (E2)
A small unit of source code, generated by the lexical analyzer (also called the fokenizer). Names, numbers,

strings, operators, newlines and similar are represented by tokens.

The tokenize module exposes Python’ s lexical analyzer. The token module contains information on the
various types of tokens.
triple-quoted string (3% w}3 & ¥ F2}¥9)
w3 () Y A2mEE C) Al N E SR 4 =% stue Fe A A G Ol Qi
4R ol A A L2} gt o7 o= 54 e e s
T 2
ES

m&
L
ol
Ja

715 & AlgatA = FA T, oY =
Yz s #2314 ?Ml AT F UEE 5, AZF BAE 22 Gk o o 23
Aed, E2EHS L] 53 L2 It

type ()
vlol W A Q] F2 270l ofH F 7 AAAANE BATUH ZE AA=Fo] A5tk AA Y
g _class_OJ PHE=R °“*ﬂ“f‘¢ A AU type (obd) B & 5 AF

type alias (& o] dg]o]x)
F= A A Q) sto] Rt A= B9 59 0.

g ol Qefolat o AES deslshe o - 8FUTh o 8 S

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

pass

£ e 2ol § 971 471 Bs 4 5 Uth

-

Color = tuple[int, int, int]

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

pass

0] 7]1%5S AWl typing T} PEP 4845 F 2314 S

ERE B o i Ui kel ZIdi s = 2 AR sHE of =E ol Al

A stol o A ZANH A= FA T, A & Aol 78ttt EEHIDES)
°

A= E
A9 "4 ALdsta, A9 Ay, Zd
get_type_hints () & A}

o] 715 & A9 typingd} PEP 4845 Fx 314 2.
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)
Jéoioﬂg]. ,HAE /\ansﬁzﬂls% E;.l‘?l_l:]]_/_\_ﬂ%g%x]—

=
e e AES RE F9
Zed \n', 9ES= A \r of o uj ﬂEA] Ze . F7HA QA ARGl A A= bytes.
splitlines () ¥4k o}y E‘rPEP 278 S} PEP 3116 & R A&
variable annotation (‘14> o] = €] o] A)
45 e o4 o E R ES of Eo] 4
W4 EE Zs o Ee HE oo A D ul B Y-S A AU
class C
field: 'annotation'
W ol mElo| M AMH oz P dER AFHUTH o] S Sof, o] WAt ine S /ML RO
oyt
[count: int = 0 J
Ha o] mH o] £ -2 A A annassign ol A A g o
o] 7|5 AWt Sh o] -H o] 4, PEP 484 @ PEP 5268 F XA 2. T3 o] =g o] A 2] o
ol sk &1 AL#| <= annotations-howto & X 3FA| &
virtual environment (7} 7))
sho] A ALEALSE 5§ ZR IR o], 22 A AT o] A A & THE vhol A §-§ ZEIWE Y T2
RS FA GO, gol A v H 7| NS AX AU Lol == AL 7He A o,
HyEAow 7334 213 317

venv & BEA K.

virtual machine (7} 7] A))
smegolrto s Aol® AR, s i 44 7 A L wlol e 7= Akl st sk o]
s=g Ak
Zen of Python (2}o] 4 Al)
sho] 4l T Aol 2] 9k WetEe] B2 e, Ao} & ola) 31 A&l o] =80l Hut) o BE
3}s ZEZ EOA] “import this” & YH3IH EJYrch
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C.1 AZEQ0{Q A}

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

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

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

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

HY = =t o= 2 o IS YN GPL-compatible? (1)
09.0~12 n/a 1991-1995 CWI yes
13~152 12 1995-1999 CNRI yes
1.6 1.5.2 2000 CNRI no

2.0 1.6 2000 BeOpen.com no
1.6.1 1.6 2001 CNRI yes (2)
2.1 2.0+1.6.1 2001 PSF no
2.0.1 2.0+1.6.1 2001 PSF yes
2.1.1 2.1+2.0.1 2001 PSF yes
2.1.2 2.1.1 2002 PSF yes
2.13 2.1.2 2002 PSF yes
2.2 o)A 2.1.1 2001-& 2]  PSF yes

0 Fx

(1) GPL-compatible doesn’ t mean that we’ re distributing Python under the GPL. All Python licenses, unlike
the GPL, let you distribute a modified version without making your changes open source. The GPL-
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compatible licenses make it possible to combine Python with other software that is released under the
GPL; the others don’ t.

(2) According to Richard Stallman, 1.6.1 is not GPL-compatible, because its license has a choice of law clause.
According to CNRI, however, Stallman’ s lawyer has told CNRI’ s lawyer that 1.6.1 is “not incompatible”
with the GPL.

Guido®] A= 3}of| o] Wi ZZ 7hsstAl e W2 o7 A B AAE o Al AAFEH U T

i

C.2 mlo|Mol| HMIASIHLE AF23E17| I8t 0|2 24

Python software and documentation are licensed under the Python Software Foundation License Version 2.

Starting with Python 3.8.6, examples, recipes, and other code in the documentation are dual licensed under the PSF
License Version 2 and the Zero-Clause BSD license.

sho]mol S5 Q4 £z EFofol i T2 2ol M AT A 88 U Th ehol Al o % 2ho] o] o o}
= 2= 3 YA gU ol @ ehol A BeAE 2B

Ol FZ3IAA L.

RS

l

of ]
]

C.2.1 PYTHON SOFTWARE FOUNDATION LICENSE VERSION 2

[N

This LICENSE AGREEMENT is between the Python Software Foundation ("PSF"), and
the Individual or Organization ("Licensee") accessing and otherwise using this
software ("Python") 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 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 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 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.

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

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

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

7. Nothing in this License Agreement shall be deemed to create any relationship
of agency, partnership, or joint venture between PSF and Licensee. This License
(TH5 sl el Aol A)
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(o] sl o] A ol A AI)

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, 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"
BEOPEN MAKES NO REPRESENTATIONS OR WARRANTIES, EXPRESS OR IMPLIED.

basis.
BY WAY OF

EXAMPLE, BUT NOT LIMITATION, BEOPEN MAKES NO AND DISCLAIMS ANY REPRESENTATION OR

WARRANTY OF MERCHANTABILITY OR FITNESS FOR ANY PARTICULAR PURPOSE
USE OF THE SOFTWARE WILL NOT INFRINGE ANY THIRD PARTY RIGHTS.

OR THAT THE

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,
ADVISED OF THE POSSIBILITY THEREOEF.

EVEN IF

5. This License Agreement will automatically terminate upon a material breach of

its terms and conditions.

6. This License Agreement shall be governed by and interpreted in all respects

by the law of the State of California, excluding conflict of law provisions.

Nothing in this License Agreement shall be deemed to create any relationship of

agency, partnership, or joint venture between BeOpen and Licensee.

This License

Agreement does not grant permission to use BeOpen trademarks or trade names in a

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

third party. As an exception, the "BeOpen Python" logos available at

http://www.pythonlabs.com/logos.html may be used according to the
granted on that web page.

permissions

7. By copying, installing or otherwise using the software, Licensee agrees to be

bound by the terms and conditions of this License Agreement.

C.2.3 CNRI LICENSE AGREEMENT FOR PYTHON 1.6.1

1. This LICENSE AGREEMENT is between the Corporation for National Research

Initiatives, having an office at 1895 Preston White Drive, Reston,

VA 20191

("CNRI"), and the Individual or Organization ("Licensee") accessing and

(T2 sl ol Aol A1)

C.2. mlo|¥ofl HMASIHLE AHZSE7| 218t 0|8 22
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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
THEREOF, EVEN IF ADVISED OF THE POSSIBILITY THEREOF.

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

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.

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.
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C.2.4 CWI LICENSE AGREEMENT FOR PYTHON 0.9.0 THROUGH 1.2

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

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

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

C.2.5 ZERO-CLAUSE BSD LICENSE FOR CODE IN THE PYTHON DOCUMENTA-
TION

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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C.3.1 HEM EQ[AH

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

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

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

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

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

(TH5 sl el Aol A)
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modification, are permitted provided that the following conditions
are met:

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

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

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

permission.

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

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

C.3.2 A3

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

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

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

modification, are permitted provided that the following conditions

are met:

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

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

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

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

C.3.3 H|S7| A2 MH|A

The test .support.asynchat and test.support .asyncore modules contain the following notice:

Copyright 1996 by Sam Rushing

All Rights Reserved

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

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

C.3.4 F7| &g

http.cookies E Tha 22 2| AMg 23t

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

(Th= sl ol Aol A1)

C.3. Z&HE AZEQ0{0l CHEt 2fo|MA L S0l 89

Hl




Extending and Embedding Python, Z2|A 3.12.11

(o1 sl o1 A o A A<)
ACTION, ARISING OUT OF OR IN CONNECTION WITH THE USE OR
PERFORMANCE OF THIS SOFTWARE.

C35 A3 =X

trace RES T3} 2L 72 AFS TPk

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 X UUdecode g4

The uu module contains the following notice:

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

All Rights Reserved
Permission to use, copy, modify, and distribute this software and its
documentation for any purpose and without fee is hereby granted,
provided that the above copyright notice appear in all copies and that
both that copyright notice and this permission notice appear in
supporting documentation, and that the name of Lance Ellinghouse
not be used in advertising or publicity pertaining to distribution
of the software without specific, written prior permission.
LANCE ELLINGHOUSE DISCLAIMS ALL WARRANTIES WITH REGARD TO
THIS SOFTWARE, INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY AND
FITNESS, IN NO EVENT SHALL LANCE ELLINGHOUSE CENTRUM BE LIABLE
FOR ANY SPECIAL, INDIRECT OR CONSEQUENTIAL DAMAGES OR ANY DAMAGES
WHATSOEVER RESULTING FROM LOSS OF USE, DATA OR PROFITS, WHETHER IN AN
ACTION OF CONTRACT, NEGLIGENCE OR OTHER TORTIOUS ACTION, ARISING OUT
OF OR IN CONNECTION WITH THE USE OR PERFORMANCE OF THIS SOFTWARE.
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Modified by Jack Jansen, CWI, July 1995:
— Use binascii module to do the actual line-by-line conversion
between ascii and binary. This results in a 1000-fold speedup. The C
version is still 5 times faster, though.
— Arguments more compliant with Python standard

C3.7 XML YA T2 A &=

xmlrpc.client R E2 U 22 FY AHS 33 oh

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

The test.test_epoll module contains the following notice:

Copyright (c) 2001-2006 Twisted Matrix Laboratories.

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

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

THE SOFTWARE IS PROVIDED "AS IS", WITHOUT WARRANTY OF ANY KIND,
EXPRESS OR IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF
(T2 sl o] Al ol 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-L kqueve QB 5 o] 2ol thal T3} 22 Fo) AL ERFTH

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

AFUTh of7]ell& tha 7 2 W&ol 23H o] d5uth

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

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

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

</MIT License>

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

(TH5 sl el Aol A)
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Solution inspired by code from:
Samuel Neves (supercop/crypto_auth/siphash24/1little)
djb (supercop/crypto_auth/siphash24/1ittle2)
Jean-Philippe Aumasson (https://131002.net/siphash/siphash24.c)

C.3.11 strtod 2} dtoa

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

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

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

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

* Permission to use, copy, modify, and distribute this software for any

* purpose without fee is hereby granted, provided that this entire notice
* is included in all copies of any software which is or includes a copy

* or modification of this software and in all copies of the supporting

* documentation for such software.

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

* REPRESENTATION OR WARRANTY OF ANY KIND CONCERNING THE MERCHANTABILITY

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

*

**k*************************************************************/

C.3.12 OpenSSL

The modules hashlib, posix, ss1, crypt use the OpenSSL library for added performance if made available by the
operating system. Additionally, the Windows and macOS installers for Python may include a copy of the OpenSSL
libraries, so we include a copy of the OpenSSL license here. For the OpenSSL 3.0 release, and later releases derived
from that, the Apache License v2 applies:

Apache License
Version 2.0, January 2004
https://www.apache.org/licenses/

TERMS AND CONDITIONS FOR USE, REPRODUCTION, AND DISTRIBUTION
1. Definitions.

"License" shall mean the terms and conditions for use, reproduction,
and distribution as defined by Sections 1 through 9 of this document.

"Licensor" shall mean the copyright owner or entity authorized by
the copyright owner that is granting the License.

"Legal Entity" shall mean the union of the acting entity and all
other entities that control, are controlled by, or are under common
control with that entity. For the purposes of this definition,
"control" means (i) the power, direct or indirect, to cause the
(Th= sl o] A of] Al%)

C.3. Z&HE AZEQ0{0l CHEt 2fo|MA L S0l 93

Hl



https://web.archive.org/web/20220517033456/http://www.netlib.org/fp/dtoa.c
https://web.archive.org/web/20220517033456/http://www.netlib.org/fp/dtoa.c

Extending and Embedding Python, Z2|A 3.12.11

(e] s o] A ol Al Al
direction or management of such entity, whether by contract or
otherwise, or (ii) ownership of fifty percent (50%) or more of the
outstanding shares, or (iii) beneficial ownership of such entity.

"You" (or "Your") shall mean an individual or Legal Entity
exercising permissions granted by this License.

"Source" form shall mean the preferred form for making modifications,
including but not limited to software source code, documentation
source, and configuration files.

"Object" form shall mean any form resulting from mechanical
transformation or translation of a Source form, including but
not limited to compiled object code, generated documentation,
and conversions to other media types.

"Work" shall mean the work of authorship, whether in Source or
Object form, made available under the License, as indicated by a
copyright notice that is included in or attached to the work

(an example is provided in the Appendix below) .

"Derivative Works" shall mean any work, whether in Source or Object
form, that is based on (or derived from) the Work and for which the
editorial revisions, annotations, elaborations, or other modifications
represent, as a whole, an original work of authorship. For the purposes
of this License, Derivative Works shall not include works that remain
separable from, or merely link (or bind by name) to the interfaces of,
the Work and Derivative Works thereof.

"Contribution" shall mean any work of authorship, including

the original version of the Work and any modifications or additions

to that Work or Derivative Works thereof, that is intentionally
submitted to Licensor for inclusion in the Work by the copyright owner
or by an individual or Legal Entity authorized to submit on behalf of
the copyright owner. For the purposes of this definition, "submitted"
means any form of electronic, verbal, or written communication sent

to the Licensor or its representatives, including but not limited to
communication on electronic mailing lists, source code control systems,
and issue tracking systems that are managed by, or on behalf of, the
Licensor for the purpose of discussing and improving the Work, but
excluding communication that is conspicuously marked or otherwise
designated in writing by the copyright owner as "Not a Contribution."

"Contributor" shall mean Licensor and any individual or Legal Entity
on behalf of whom a Contribution has been received by Licensor and
subsequently incorporated within the Work.

Grant of Copyright License. Subject to the terms and conditions of
this License, each Contributor hereby grants to You a perpetual,
worldwide, non-exclusive, no-charge, royalty-free, irrevocable
copyright license to reproduce, prepare Derivative Works of,
publicly display, publicly perform, sublicense, and distribute the
Work and such Derivative Works in Source or Object form.

Grant of Patent License. Subject to the terms and conditions of
this License, each Contributor hereby grants to You a perpetual,
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worldwide, non-exclusive, no-charge, royalty-free, irrevocable
(except as stated in this section) patent license to make, have made,
use, offer to sell, sell, import, and otherwise transfer the Work,
where such license applies only to those patent claims licensable
by such Contributor that are necessarily infringed by their
Contribution(s) alone or by combination of their Contribution (s)
with the Work to which such Contribution(s) was submitted. If You
institute patent litigation against any entity (including a
cross—claim or counterclaim in a lawsuit) alleging that the Work
or a Contribution incorporated within the Work constitutes direct
or contributory patent infringement, then any patent licenses
granted to You under this License for that Work shall terminate
as of the date such litigation is filed.

Redistribution. You may reproduce and distribute copies of the
Work or Derivative Works thereof in any medium, with or without
modifications, and in Source or Object form, provided that You
meet the following conditions:

(a) You must give any other recipients of the Work or
Derivative Works a copy of this License; and

(b) You must cause any modified files to carry prominent notices
stating that You changed the files; and

(c) You must retain, in the Source form of any Derivative Works
that You distribute, all copyright, patent, trademark, and
attribution notices from the Source form of the Work,
excluding those notices that do not pertain to any part of
the Derivative Works; and

(d) If the Work includes a "NOTICE" text file as part of its
distribution, then any Derivative Works that You distribute must
include a readable copy of the attribution notices contained
within such NOTICE file, excluding those notices that do not
pertain to any part of the Derivative Works, in at least one
of the following places: within a NOTICE text file distributed
as part of the Derivative Works; within the Source form or
documentation, if provided along with the Derivative Works; or,
within a display generated by the Derivative Works, if and
wherever such third-party notices normally appear. The contents
of the NOTICE file are for informational purposes only and
do not modify the License. You may add Your own attribution
notices within Derivative Works that You distribute, alongside
or as an addendum to the NOTICE text from the Work, provided
that such additional attribution notices cannot be construed
as modifying the License.

You may add Your own copyright statement to Your modifications and
may provide additional or different license terms and conditions
for use, reproduction, or distribution of Your modifications, or
for any such Derivative Works as a whole, provided Your use,
reproduction, and distribution of the Work otherwise complies with
the conditions stated in this License.

Submission of Contributions. Unless You explicitly state otherwise,
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any Contribution intentionally submitted for inclusion in the Work
by You to the Licensor shall be under the terms and conditions of
this License, without any additional terms or conditions.
Notwithstanding the above, nothing herein shall supersede or modify
the terms of any separate license agreement you may have executed
with Licensor regarding such Contributions.

6. Trademarks. This License does not grant permission to use the trade
names, trademarks, service marks, or product names of the Licensor,
except as required for reasonable and customary use in describing the
origin of the Work and reproducing the content of the NOTICE file.

7. Disclaimer of Warranty. Unless required by applicable law or
agreed to in writing, Licensor provides the Work (and each
Contributor provides its Contributions) on an "AS IS" BASIS,
WITHOUT WARRANTIES OR CONDITIONS OF ANY KIND, either express or
implied, including, without limitation, any warranties or conditions
of TITLE, NON-INFRINGEMENT, MERCHANTABILITY, or FITNESS FOR A
PARTICULAR PURPOSE. You are solely responsible for determining the
appropriateness of using or redistributing the Work and assume any
risks associated with Your exercise of permissions under this License.

8. Limitation of Liability. In no event and under no legal theory,
whether in tort (including negligence), contract, or otherwise,
unless required by applicable law (such as deliberate and grossly
negligent acts) or agreed to in writing, shall any Contributor be
liable to You for damages, including any direct, indirect, special,
incidental, or consequential damages of any character arising as a
result of this License or out of the use or inability to use the
Work (including but not limited to damages for loss of goodwill,
work stoppage, computer failure or malfunction, or any and all
other commercial damages or losses), even if such Contributor
has been advised of the possibility of such damages.

9. Accepting Warranty or Additional Liability. While redistributing
the Work or Derivative Works thereof, You may choose to offer,
and charge a fee for, acceptance of support, warranty, indemnity,
or other liability obligations and/or rights consistent with this
License. However, in accepting such obligations, You may act only
on Your own behalf and on Your sole responsibility, not on behalf
of any other Contributor, and only if You agree to indemnify,
defend, and hold each Contributor harmless for any liability
incurred by, or claims asserted against, such Contributor by reason
of your accepting any such warranty or additional liability.

END OF TERMS AND CONDITIONS

C.3.13 expat

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

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

Permission is hereby granted, free of charge, to any person obtaining
(TH5 sl el Aol A)
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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

The _ctypes C extension underlying the ct ypes module is built using an included copy of the libffi sources unless
the build is configured ——with-system-1ibffi:

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

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

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

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

C.3.15 zlib
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Copyright (C) 1995-2011 Jean-loup Gailly and Mark Adler

This software is provided 'as-is', without any express or implied
warranty. In no event will the authors be held liable for any damages
arising from the use of this software.
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Permission is granted to anyone to use this software for any purpose,
including commercial applications, and to alter it and redistribute it
freely, subject to the following restrictions:

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

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

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

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

C.3.16 cfuhash
tracemalloc o &8 AH&5 & s A] Blo] B9 732 cfuhash Z2AEE 7|uto 2 gy

Copyright (c) 2005 Don Owens
All rights reserved.

This code is released under the BSD license:

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

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

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

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

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS
"AS IS" AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT
LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS
FOR A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE
COPYRIGHT OWNER OR CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT,
INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES
(INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR
SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT,
STRICT LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE)
ARISING IN ANY WAY OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED
OF THE POSSIBILITY OF SUCH DAMAGE.
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C.3.17 libmpdec

The _decimal C extension underlying the decimal module is built using an included copy of the libmpdec library
unless the build is configured ——with-system-1ibmpdec:

Copyright (c) 2008-2020 Stefan Krah. All rights reserved.

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

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

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

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

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

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

C.3.18 W3C C14NHIAE AQIE

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

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

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

* Redistributions of works must retain the original copyright notice,
this list of conditions and the following disclaimer.

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

* Neither the name of the W3C nor the names of its contributors may be
used to endorse or promote products derived from this work without
specific prior written permission.

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

C.3.19 Audioop

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

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

SUN SOURCE CODE IS PROVIDED AS IS WITH NO WARRANTIES OF ANY KIND INCLUD-
ING THE WARRANTIES OF DESIGN, MERCHANTIBILITY AND FITNESS FOR A PARTICU-
LAR PURPOSE, OR ARISING FROM A COURSE OF DEALING, USAGE OR TRADE PRAC-
TICE.

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

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

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

Sun Microsystems, Inc. 2550 Garcia Avenue Mountain View, California 94043

C.3.20 asyncio

Parts of the asyncio module are incorporated from uvloop 0.16, which is distributed under the MIT license:

Copyright (c) 2015-2021 MagicStack Inc. http://magic.io

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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