Extending and Embedding Python
A ¥ 7 3.10.13

Guido van Rossum
and the Python development team

114 14, 2023






Contents

=/

1=

A AR £7

A A = glo] & s 7]

21 CYHCH+H+E oA EFF3 7] . ... ... ... ..
22 A AS I A EA L
23 A AHYF 7 A A FA L.
2.4 Cﬁ} C++&AAEsry ...
25 JELXNACYC++EAAEs7] ... L.
t] 23§ ZZE 15 ¢] CPython HE}Y S W43}~

31 o3&z ol st L. L.
803

o] A2 Ao T3} ]

Bl ol Ayl FHAE . ...
o 2k9} gho] Al

Cl AZEYOIYIA ... ... oo
C2  sfo|xdof] AA| 2871} ARS-817] A% o] & ok
C3 =3 sz Eojo gt eto]Ala g Fel. ..
A 27

<







Extending and Embedding Python, & ] 8] 3.10.13

o] A MEE REE ol d dHzeHE Fe7] Al C U Cr+E BES st IS 2T
Utk )2l @ 25 Al Re BB ol A2 e A B ASE AR 4 g U To, 37
Aol & ARG-H7] S5, stol W JH Z 2B & thE S& 22 o] WA 7= ol deiAs 29
Utk ppAge g, skt 4 A Al A o] 7] 5= Adstes 5, TAL= (BT AHZ 2 H
2eE 5 RS 34 2ES Aodeln ek e wol ok

o] £ shol Aol Theh 713 A A AA 2 Tt Aojol hak § 42 o] 2] ¢S 47 tutorial-index 2
HAA] Q.. reference-index = X T} 3 4] & 91 Al o] & o] & A5 T} library-index + SR 3t A A &, <=
W 25 7E AT o Mo FHE A BE) S AWstd, o A5l doje] S8 WS WA

ZA A 5ol #/C APIo|| o & 2FA g A -2 H = O] c-api-index & F R3] Al 2.

Contents 1



Extending and Embedding Python, & ] 8] 3.10.13

2 Contents



CHAPTER 1

rM
0.

N

1 A A =T

This guide only covers the basic tools for creating extensions provided as part of this version of CPython. Third party

tools like Cython, cffi, SWIG and Numba offer both simpler and more sophisticated approaches to creating C and
C++ extensions for Python.
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https://cython.org/
https://cffi.readthedocs.io
https://www.swig.org
https://numba.pydata.org/
https://packaging.python.org/guides/packaging-binary-extensions/
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https://cffi.readthedocs.io/
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2.1.1 73t 4

spam( ¥ ol M3 o] 7HF Fotste w4 ) olThe B BES WEAlth, 181 C 2ol H e
4 system() o] tf st ho] M QI EFH o] A5 WHER AT FAITH. o] T 9 TE FALS AR
ot A5 HaU L Sl o] F4F thg T Zo] Sl uel A 52T 5 A7|E ATk

>>> import spam

>>> status = spam.system("ls —-1")

spamnodule.c AUE UEL AR NHHFAN L. (JNH L2, REE spancl a4, g pAE
ZAdst=C oL SPammodule cehal FUth B E o] F o] spammify X w9 2W, BF o] 5L 1

spammity.c% % 92 th

R e YE|=F

#define PY_SSIZE_T_CLEAN
#include <Python.h>

o] 212 vto] M APIE 7FAFUTH(Asttd RE EAH A&E FAE A T4 & 2718 5
AsHTh.

Fa: ghojdo] R A ~FY] RE FTol] YIS v A= IR AA 7] FgE AT 5 ojA, BE
357} 285 7] Ao ¥t=A] Python.hE Z 8] of gt}

Python.h& Z33}7] Mo &4 PY_SSIZE_T_CLEANS H 9|3l Z o] £FULE o vja =2 tfgt
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5e B2 HY B0 AolH 752 A9 ST BE pyr) Py

Python.h7} 9 St A2} B 4~
o, 2] 31 sho] A QIE| 2Bl 7} 91 817 A1g-817] w2l "Python.

AEAE 25Tk B E 9

I-J

h"e= 9 73] & 99 39S 2834t} <stdio.h>, <string.h>, <errno.h> % <stdlib.h>.
T2 & 3ol A" gled, e malloc (), free () ¥ realloc() = A A HO@ME}
o2 BE g 7= A2 Fho] A £d 4] spam.system(string) o] 372 W 2D C T
"%1141’%(017401 AEA SEHE=A 2 A 2 A UTh:

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);

E2WEEo,dd A "ls -1"M A C T E ALTE = AR 73 H3lo]
o} argseh= T 719 Q7L I Th
An]

£ ARE A HUTh WA S A5 A7 A Ag sk Ay
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C %l—oi W35 oF Ut} glo]l W APIC] PyArg_ParseTuple () 5= QA & &Q13l1 C o2
BT 8 BAES AMEEte] DS A P wMEE g AT C s P A FYT
Lol o] Zlof] th el ZpA 3] LobR ZlssUTh

EEJQAY Yol gut2 g A 247 T4 Add W A3 ¥, PyArg_ParseTuple ()
2 (o] obdUTth L uls sttt S EFA UL oA BZo| AW AR (0)S wEEh ) T ato
24 5% B47h (ol A BEO) NULLE A MR 4 U 42T o2l & LA,
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2.1.2 97+3: o2l 2} ol 9]

An important convention throughout the Python interpreter is the following: when a function fails, it should set an
exception condition and return an error value (usually —1 or a NULL pointer). Exception information is stored in
three members of the interpreter’s thread state. These are NULL if there is no exception. Otherwise they are the
C equivalents of the members of the Python tuple returned by sys.exc_info (). These are the exception type,
exception instance, and a traceback object. It is important to know about them to understand how errors are passed
around.

Jho] 7 API= TRt o] ol2] & A7) 1% o2 S8 Ao gy

7 AubA 9l AL PyErr_SetString () YU Th QA= ol 9] AA| <} C EAFE AU o9 AA= K
% PyExc_ZeroDivisionError?} 22 vg] FolH AAJUch C EALL2 g 99S el
vlol M FALE A= HEE o 2] “dHH ez AFFH YU

EOE 88 &= PyErr_SetFromErrno () YU Th o] T+ ol &) Q1R 8t
£ AAbsto] &4 ks A FUTH 7 gk J Y4 PyErr_SetObject () ©]
FHe AA JAAE HPUh o] H e FrEol AEE = A E Py_INCREF () & Z

PyErr_Occurred () &2 |27} A= o] =7 v] st H o7 AAE = gl5uch dAf o] AA| v
o 9] 7} WAy 8] QFgko W NULLE whEHE T ke ow F glofoF olw dH 02 g T E oA
A7 A AE=X] &A37] Y3 PyErr_Occurred() & & 2= JsUrth

When a function f that calls another function g detects that the latter fails, f should itself return an error value (usually
NULL or —1). It should not call one of the PyErr_ * functions — one has already been called by g. f’s caller is
then supposed to also return an error indication to its caller, again without calling PyErr_*, and so on — the most
detailed cause of the error was already reported by the function that first detected it. Once the error reaches the
Python interpreter’s main loop, this aborts the currently executing Python code and tries to find an exception handler
specified by the Python programmer.

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

Aet - 352 dA4H g & -‘?—/\]‘d}ﬂﬂl‘iﬂ,PyErr Clear () & T3] o9 272 HAHS R
X]HO]CUL‘JE} C ZE7}pPyErr_Clear () E & oF 3= F 43t uj= o8 = A Z g B o A4E3}A
b m GAE) A elohe W st AU B (ol EE AS AT AL, o AT 45 A 9o
314,

EE A S malloc() & @ﬂﬂi A3z oo Sttt —malloc () (2= realloc ()9 A H

EAE AN PyErr_NoMemory () S Eota A £A 7] E HESs] of '6]'1/]1_/} REAA BT
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L3 PyArg ParseTuple () 2 A+ SR3 o E A9 stal, A5 HE WHEhs=
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C AA (7}9 PyExc_ZeroDivisionError) 7} =], A G AFEE ¢ AFULh BE, A& A HG3HA
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static PyObject *SpamError;

283 259 27]8 @4 (PyInit_spam()) oA A9 AA = 275t}
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PyMODINIT_FUNC
PyInit_spam(void)
{

PyObject *m;

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

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

return m;

OLgé}spam error¥dof F AU A L. PyErr_NewException () &4+ (NULL
| ¢k 3} vl o] 2 Z ] 2 7} (bltin-exceptions 9| A} A W H) Exception?l Z&|

13 o, FeH A7} %Z*H SpamError7}
UH%r’d(dangling) J EI7F A P 5 ot |, Sefaol e FxE 2/ 27t dsyth vigd
A7 OM SN =CHAETFFo] YZ U THE o 2517 9Fe 1282 o 4 ol th

A
=3} 2ol PyErr_SetString () & £&3}] & RE A spam.error & A Z 5 JAF Y

Ly

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 PylLong_FromLong(sts);

8 Chapter 2. A|4H7l £ glo] &4 wHE7]
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2.1.3 A A& So}7}7]
A F4= Eol7HA, o)Al A E-L o] BFS o3 T 5= Jlojok FTh:

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

Oz} B-Eof| A o 2] 7} WA= W PyArg_ParseTuple () o &3] A H o2 of o] &3H A NULL(A A
EQE S WAL T ol e EAV) S MBI T84 BoH Ak B ol A W
commandel BAE] itk ol A2 EUE v Q0 74217 EALL # AN E & BT (kA
£ Col A, M4 command+= const char *command® &HIZ A A A= of oF .

w282 2 @ system() = E£E A, PyArg_ParseTuple () ol A 92 ZAd & A29Y

o

¥

’sts = system (command) ; ‘

%2 9] spam.system( o)A AT v o Sk oAL

) 9 = ¥
PyLong_FromLong () &4& AR 3l o] o] F Ut}

’return PyLong_FromLong (sts) ; ‘

o) A9, A% ANE VHFULh (), 52 AE ol AN AL G 4] AR ALITh)

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

Py_INCREF (Py_None) ;
return Py_None;

Py_None-2 54 5ho] 4] Noned| C o] 5 §Juith kol A} 1 gk o], o 5 0] Aol A “of 2] & 3}
ENULL FSIE| 7} okl e} 25 shol W AA AU o,
2.1.4 BES| WA= Elo| B3} 27)5} 45

sho] 2l =2 190 A span_systen () o] o 87 &&= Hol FAThR F& YL UTh BA, WA E
Bl ol 7ol o] 23} 4% 113 oF Fith:

static PyMethodDef SpamMethods[] = {

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

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

Al AR FE (METH_VARARGS) o] 12| S Al 2. o] 21 Bz g Bl A C ol AHEE T2 3 S
dyF= **?412?;141:} AHlA © g A METH VARARGSLJrMETH VARARGS | METH_KEYWORDS®] o
ok 0 e o= /\]-—Q—ﬂ A ¢4 PyArg_ParseTuple () W o] A 2H & o v gt

METH_VARARGS Rt A}E‘%LWH e Fol & w7/ 47} PyArg_ParseTuple () & -+
Ao sl gH e FE2 AEE Ao ]EHOHOFﬂ‘/]E‘r o] grofl th ek AbA & H H = ot ol A5
7= AAE Fgof ALl oF atd, Al 4] =0 A METH_KEYWORDS HIEE AT 4+ 5

o] A2, C et 71 A= 8-zt E Al ‘jWH PyObject * uj7} W& ol ofof gy
gt = PyArg_ParseTupleAndKeywords () 5 A& 3te] QRS & BASIAIAI L

A= HolE2 2E Fo FxA A FxH oo gyt
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ok
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static struct PyModuleDef spammodule = {
PyModuleDef_HEAD_INIT,

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

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

A, o] A= REQ 273} g A 0131 gEE dgs ook Uk 273 T4 o5
PyInit_name () ook gt} o 7| A namee ZES] o] EolH, & g HoH 7 L3 v static

a-5-0] o] of ] oh:

PyMODINIT_FUNC
PyInit_spam(void)
{

return PyModule_Create (&spammodule) ;

PyMODINIT_FUNC:= 34 E pyObject * dl81g o2 sy, SANZo] a3 E4 3 HAS A
A, C++2] B9 TS extern "C"E A AT oA L.

ol Z2 o] 508 BE spamg YEE o, PyInit_spam() o] £EF Ytk (o] Y49
ol A= obef ol A AF Ut o= PyModule_Create () & &&3t=H, 28 AAE WHshst 25
oo A 2+ H| o] & (PyMethodDef F2A Y Wl @) & 7Hte 2 WA &+ AANES ANE s ZE
“ﬁﬂQﬂ~WWMMeCmﬁeULWEE§JMWWWQEQH%QQQQWN%@ﬂﬁﬂ%%
APAQd Y2 THEHAY, RES UX2HA 2713 5 gled nuine ek ¢ syt 2713}

l

F4E 2E A48 3270l A was of gtk 28 sys.modulesol 4F1F LT

slol M-S WYFe o, PyImport_Inittab H o] £ g&o] YO PyInit_spam() T 7]. AEo 7
5254 SirLlth RS 27]5 ool Ho 274821 W, byTnport_Appendlnittab ()& AHAS}L,
daAos Trge] RS AT E Tk

K

W

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

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

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

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")

(Th& sl AT ol AS)
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(o1 sl o] A A A%)

PyMem_RawFree (program) ;

return O;
I3
ZF31: sys.moduleso| A FE& ]74'5}74‘/}—’-3/31 ol A AstddE RS e AdE=ZgEHE dx2
£ B0 (S exec () 2 A 1A 3L fork () & W2 H) AY 9 LEO| EALEAL S A5tk
Y RE Z}”Z}—W—‘T‘—Eﬂo]ﬂ:ﬁ %57]§‘rﬂﬂ FOE 7)o oF Pt
5

2 AAA A ZEo] Modules/xxmodule.cE Jto] M A | Zobo]] 8T o] 95Ut o] Y
g 27 AR AU v JAlZ 9 4 dssUth

Zr31: spam A AL} EE] xxmodule-2 tHA| & 7] 3} (multi-phase initialization)(3}o] A 3.52] M| 28 7]%)
£ AU T o 7] 4= PyModuleDef 2 A 7FPyInit_spamol| A RESkE 11, 5 A& 2 E H 2}o
TAZJ Y oA 2 7] 8ol o & AFA| & W -§--2 PEP 4898 FX 34 Al L.

215 HulYgd g3

MEL ZFES AFEsH7] Aol o & F 7HA] 2 o] o As5uth: Ao} aho] A A|Ag o] 3.
A 2YE AFSEH, Al A /‘]’\E" o] A}*"“ﬁ}hi’q 29 2gdo ugt et 4= F5 Ut &
RESWES o] HE G} Crr Y =5 A D= Dol thgk AM o F R oo 2
FHE F7 A B (A=A C2FC++ ﬂx& “155}7} HE FRIAA L.

FHEESALTE S YA RES FJojA AHZHY 7 HA o E rEHE, T AAES
W75kl AE Z B B E ThA| "”‘:*ﬂ‘ﬂ: J‘%D} + FAE, o] A2 FY 2 A v UL S5 S F
A B E Q] Modules/ YA E o 91 (o] & E9¢] spammodule.c)S £, Modules/Setup.local
st Y B Bt S 7|3 T ES FUEIMIAl L

spam spammodule.o

a8l H A9 g E 2 o)A makeE A Fo] QB Z 2 EHE thA] MEFIAI A L. Modules/ A H t]E g
2] A makeE AP % 9 A0k, HA] ‘make Makefile’ & 4 3 3}o] Makefiled ThA] R =3 o gt}
(O] AL setup Y-S HAE ujjujc}t D QI c})

2Eo §3d FrhetolHe g7t 2R, o] Ax 74 3td o] Eol dE = s A€ =ol:

spam spammodule.o —-1X11

Ag7HA stol Mo CFrE 22T F Y=F st v AFAFUTE L W s 83Ut CollA
gtol W g T 537, o] A2 58] “FWM” 45 AWt ghol B2l o] A% s Th C Q1E H o]
27 E G, FE st ol M2 T st A R I M A S W AYS S ATl g 287t
AsUTH FEE CZHA sto| 9 45 TS o FUh T § 55 44E 5 syt
o3 3], stol W Az el E = A7 A2 A TS W, FolH d4E TEdhe BE A o] 271 9
SUSH (53 T4 LS dg o gold six & T &5t ol tisiAl = thR A s Ut — 34l o]
AJTid, ho] A A | Al Modules/main.cd -c 8 £ 34 7S AHEAA L)

gto]| W 45 T2 = 5 UTH WA, So] W =2 WL o]@ A E o] R A Tto| W T4 AAE
AeEsfof Fuch o] & A8l T (e o A" ) 2) S AFsfof FUth o] 7t Ed of, A
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o W4 (L o g o] B7lo] 4 AT ool ol shol A & AR o thE LIAHE AN
(Py_INCREF () 510k 1 210] £ 414 21). A& Bol, g F4£ 28 H9 9] A2 5 A5tk

static PyObject *my_callback = NULL;

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

PyObject *result = NULL;

PyObject *temp;

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

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

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

;

return result;

°] &< METH_VARARGS e}l LS AH8-3kof QIE| Z 2] B of 553 of i th; o] 22 A4 B of miA =
g o] &3} 273} ghof A E o °"‘1/1EP PyArg_ParseTuple () &2t 2 A9 A= &4 ool
A WS 325 A As o] g% th

W] 32 & Py_XINCREF () 2} Py_XDECREF () &= AR IF= Q\—’r—% Z 77 A A 7)1 NULL 2 E 7} &
o AU T (2 o] FH ol A temp+= NULL©] 0}% o oA 2). AlM Fx Slao o]of th gt
ARG A5} e,

Uz, 8 258w, C < PyObject_CallObject () & L& F U o] o= 7 7R A
S, B qislel ol a Adel A E el 1l ol 8 A% 0 5 A 5 T4
Aol 7} Az 422l 7 AR ofof Itk 1A} }lo] ol 45 &5 W, NULLo| Ul FES
AL 2 Shke] Az SEdteiw, & P2 FEL AR L. Py Buildvalue () & £
TR o] F3 Afolof 07] o] e 2 FER FAFHG S v FES WU Th o & &9

int arg;

PyObject *arglist;

PyObject *result;

arg = 123;

/* Time to call the callback */

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

result = PyObject_CallObject (my_callback, arglist);

Py_DECREF (arglist);

PyObject_CallObject () & Tto|X A ZAHE v Uth: o] AL Ftol A To v et 3
AUk PyObject_CallObject () & AAkS} &3 “F= A5 FHA YU o] ddA =
PyObject_CallObject () && A& Py DECREF () ¥« A HH L2 AR A FZo] WHE A

“Yh

PyObject_CallObject ( 9] 113} 7re “Aﬁﬂ”?:]l/] D A A RS A o] ALt F
71E AR JU T mebA, A Hgof] A sty = 01 obd 3k AAH(E3]) 2 3%k
ZA 32 py_DECREF () 3l oF g1 th.

I, o] Y2 7] Aol Wk gro] nuLLe] obd A &lsfof itk 2 Thd, spol i e
o 9] 2 WA A A Z 23 AYU T PyObject_CallObject () 2t C ZE7L Stol Mo A 29 rid
o] A| 3ol EEZ}Oﬂ A ollg EAIS W&ﬁ}%oﬁ%aﬂ\ﬂﬂé Ef o) AE A} AL TEE=
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NI a4 Yr= sh) o] o] E7153 AV vt A5l A] 9o, PyErr_Clear ()

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

vfol % Zul o] thal Y sh= Qe 5| o] Ao W}, PyObject_CallObject () ol Q1A 22 A F3] oF
F 55 G wo) ufeh A B2 29 P2 A Y 22 Aef o] A5 B sol ¥ m2 1A
ABFHYE 218 0 §5 AR 22 A0 2 AT AT 5 A5 T2 FPolE, AR BS
o8 AYM FES THAL L L% ST oA FE 1 BAD P2 py_Buildvalue ()
£ 328 AYUTh ol & S0}, A% olilE 7= g AW, 0 7= LT S AFU
PyObject *arglist;

arglist = Py_BuildValue (" (1)", eventcode);

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

=% {4, e ¥4 Aol by DECREF (arglist) o] WA o] o ShHA 2! R o457 2ot ol
TESL QA A SO §913H41 Al 2.: Py_Buildvalue () o W% 27 HET 5 glo] A BHlaof
biashe)

kst 79 = S A A3 PyObiect_Call ()& AH§3H] AHE A4} It B5E 5ET S5

Ad5UTh 99 oo A ekzto], Py_Buildvalue () S AHR3te] 9 S AT

PyObject *dict;

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

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

2.1.7 3 Fol A w7 W4 22517

PyArg_ParseTuple () T4t t}g 3} 2o] A A U r):

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

arg A7 SFOI RO A C F4-2 RS & 12} B8 o] ZH F5 AR ook FUTh formar S A= o)
44 e0] o]} 851, £1.& 3hol LUC API 93] D2 v 2] arg parsing] 435 o] I e 1914
b ER Bxpgol o5 Pol AR & M Faofof Fuich

PyArg_ParseTuple ()2 Sto] A Q147 L. 75 & Y914 HAAsHA v Eoo] ADH C W5 Fa9 §
RS AT 4 Wk A S, M 3B Aol ele] 5] W= S Dol & e

EEEESERREY

TEANA AT = Be gold AA Fx= Yol 2 (borrowed) FE Ao AN L Fx 45
Z 017 mh Al &

27 A B E

2.1. CY C++3= v}o|H &3317] 13
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#define PY_SSIZE_T _CLEAN /* Make "s#" use Py_ssize_ t rather than int.

#include <Python.h>

*/

int ok;
int 1, J;
long k, 1;

const char *s;
Py_ssize_t size;

ok = PyArg_ParseTuple(args, ""); /* No arguments */
/* Python call: f£() */
ok = PyArg_ParseTuple (args, "s", &s); /* A string */
/* Possible Python call: f('whoops!') */
ok = PyArg_ParseTuple(args, "lls", &k, &1, &s); /* Two longs and a string */
/* Possible Python call: f(1, 2, 'three') */
ok = PyArg_ParseTuple (args, " (ii)s#", &i, &3J, &s, &size);
/* A pair of ints and a string, whose size is also returned */
/* Possible Python call: f((1, 2), 'three') */
{
const char *file;
const char *mode = "r";
int bufsize = 0;
ok = PyArg_ParseTuple(args, "s|si", &file, &mode, &bufsize);
/* A string, and optionally another string and an integer */
/* Possible Python calls:
f('spam')
f('spam', 'w')
f('spam', 'wb', 100000) */
}
{
int left, top, right, bottom, h, v;
ok = PyArg_ParseTuple(args, " ((ii) (ii)) (ii)",
&left, &top, &right, &bottom, &h, &v);
/* A rectangle and a point */
/* Possible Python call:
£(((0, 0), (400, 300)), (10, 10)) */
}
{
Py_complex c;
ok = PyArg_ParseTuple(args, "D:myfunction", &c);
/* a complex, also providing a function name for errors */
/* Possible Python call: myfunction (1+235) */
}
14 Chapter 2. A2t = ¢lo] &3 wHE7]
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21.8 A I4-E 3t 7| = i) W

PyArg_ParseTupleAndKeywords () SF5e OS2 2ol AAF Y}:

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

arg®} format W] 7Y M= PyArg_ParseTuple () 2t S LYt kwdict v 7)) ¥ 4=+= 3}o]
oA Al A w7 AP E SAH °J‘: gAYt kwlist w7 A= w7 ¥ d
TALI NULL T8 55 AUT; o] 52 AFANN L 2HO R formar®] F BAH e} A gL Bw
PyArg_ParseTupleAndKeywords () = 22 ¥t3sl, 228X ko AR vtEsta 2 @3l

AU,

o, S o
e (2 e @

3 ANE QAT AE LT ST FES TEEAY - 95U TH knlisol e A1 9E 1A W
AGE A TypeErrorE WA A AU th
T}-2--& Geoff Philbrick (philbrick@hks.com) 2] A& 7|HlC 2 3}, 7| Y =& AR Sl+= oA RE Y YT

#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, 0O, NULL} /* sentinel */
bi

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

(Th& sl AT ol A%)
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(o1 sl o] A A A%)

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

}

21.9 o9 & 75357

o] @4+ Pyhrg_ParseTuple () 9 W gtk thesh 2ol AP ch:

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

PyArg_ParseTuple () ol A 1A H = A3 A 290 &9 J &2 AASHA RE AR (49| &3 o
L1281 91t o 5 161 ) o} 1) 11 ghel olok SuI o} 5ol Hol ] & & C Aol ] WhEie} 1
249 A shol A AR WA ok

PyArg_ParseTuple () 39 3} 717 2ol A: Ta1= A HA A X7 FZ o] ook 31A gk (Fho] H 2=}

55234 LH%Z%QE FEE 287 2 YUth, Py_Buildvalue () & 34 FES LES A=
Sheruth. E9 Aol & ol el E9 0917l 2R 490l FES WEFUT. £ £AA0] v]o]
912 None & WHEHSIUI T A 8he] sjuhe] T B9 & Taey, 170] Folol A ol w Ul w9l 7}
ok AAE AV 2770010 12l F2E 2A L AV G2, ER EAAS BB

BOoAN L.

AA (BEFL T E0lal, LEF2 43 shold gdth:

Py_Buildvalue ("") None
Py_BuildvValue ("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_BuildValue("s# "hello", 4) 'hell'
Py_BuildvValue ("y#", "hello", 4) b'hell'!
Py_Buildvalue(" () ") ()
Py_BuildValue("(l)", 123) (123,)
Py_BuildvValue (" (ii)", 123, 456) (123, 456)
Py_Buildvalue (" (i,1)", 123, 456) (123, 4506)
Py_Buildvalue("[i,i]", 123, 456) [123, 456]
Py_Buildvalue ("{s:i,s:i}",

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

1, 2, 3, 4, 5, 6) (1, 2), (3, 4)), (5, 6))
2.1.10 X 34

CLFCr 91 22 Slojoll A, [l Al W2 2]9] 5 st 5 s Ak AL =2 e v /b i C
o A=, malloc () I free () T4E AR5 o] 2HY :—?-:—’.153'?}141‘/]— C++°ﬂ A=, AAAFnew?t delete
SR Hen 98 sius AEH FeL Hms £ol S Col A pe ABTAL G

malloc() L2 FFH BEWYEY EF2 free() & &3 W SE31 AME 7158 H 2 ﬂ =
QEehs] of of FHUTh A A °ﬂ free () E E &%= Aol T8FUTH EF9 F4AE oW FA T, £
E3ESA o 2 a0] FEE W7A] EFE AHA ]’% w2 E AT 5 Q)
W 2 2] 4= (memory leak)2t2l U T ¥t of, 22 O3 o] BEE o U3 free
A% A3, tf 2 malloc () &S 53 EES AAESEE u S =0 A TY
2] AH-&-317] (usmgfreedmemory)ﬂ}i IgRE= 27]§]-5] A k2 HlolHE Fxo+=
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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.

sho] Aol A Iz 34 A7)

Fx 59 e FAaE Agste 7 /e W2 = py_INCREF (x) 2} Py_DECREF (x) 7} Q1554 th
by_DECREF ()t 047100 ¥ 2317 A71S A % Gt FA4L A, free () F 24 525
2 Ut — A, AAQ] & AR (nype object)ll Y= T4 ZAEHE T3 TEFYTE o] HH(E 7]Eh
= el B AAol= g & AA ol et A= iﬂ%ME‘r

olA 2 AE o] Y& Ut}: AA Py _INCREF (x) 2} Py DECREF (x) 2 A& 372 @x{ W 717 gol=
27Nt A UTE ob i AAE “’\Tr(OWHS)”ﬁPXl Ut | lﬁﬁ u, Ao tigt ¥
reference) & 7~ QFUTEH AA| 9] IR S 4= oA o] AA o st FxE AFT T2 HYH =
AR %157} 2 2314 egg ] Py_DECREF () & Z & oF Ut Fxo 2 74AL ST 5
AFUh 273 FxE AE st Al 714 B ol A5 Utk A8, A% W Py_DECREF () &

F2E ALSA dod Ve ST gy o
AR o that F=E Qg = (borrow)’ A% 75Ut 2z Eﬁoix}(borrower)h Py_DECREF () & &
S B U ol A Wel A AR o 2o AAE BiFoPAE < HUTh 257 AR T
e F2E ARG sl AlE v 22 S AR AP o] gloj A A s of I,
g afolage de)ve) o8 AEg FUAMSA RE AROIN A28 AT Lot ke
A — 2, Nele A28 AEeE 27 22 Aol 49 ARl gtk £55E Aol v
et A9 de, du st Suhe DAY, WAE 4 4A st AA R E BEE AR Tl Ul
F27FAHEE 5 Qe MR AEel ke AdYrTh
A F2E Py _INCREF () & &3] 242 F22 WA 4 5Uth of= 28 182 {4
BEel G vAA FFUT — A2 278 T2 S, AT 274 A IS R Pk (o] A
2 3z el 7] (borrowing)” -3 S 3 b= A I Th &R A o A3 FE AR AT AF ok
P32 A4 o) elA Selshe AL AFeA dEvch— 22 A4 AAZ AAT v melo] &+ Aol 4 The Ao
A2 5 AT
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A RART oh ek A 242 B2 E Srh A AR oF G Th.

ESEEE

A B2} AHOE ADD Wiy, £FA0] FE YA ADH A TYA FLA L B4 Q)
s o = WA o] A% Lk,
‘ﬂ'

°
)

ANl B B2E VBHE RE G Fx9 @A 450 AgFU. 54,
PyLong FromLong () ¢} Py_Buildvalue () &} Z-2 A A E W= 7|5 7HA R E &4 =

>
T
(i o b

g
§AE S AR Al AGFUTE A 7} AR 2 A A7 7} op T e}
= )

=

a h=4
e J% dsUth ol & 01 PyLong FromLong () 2 &3] AF&5H+= #9 MAIE A8 74 A
GEof gist FRE e 5 QlFyh
g2 AAdA AAE FE23E B2 5% 29 34 2543 E ALY dE &
o] PyObject_GetAttrString(). &Y E 7} A< FHo] o Qo] o 17
o] W&E3sA 5t PyTuple GetItem(), PyList_GetItem(), PyDict_GetItem() %
PyDict_GetItemString ()& BF F&, g2E B gM Yo 28 Fx2E &3t
PyImport_AddModule () 4= AA|= Mtgsl= AAE TE ¢ AW LA FZ2E WS} 2
Aol et 253 F2 7} sys.modulesol A5 o] 917] W&ol 7Hs gt
AA F2E T2 T A2 ul], Ut oz e ofyEoZ R 2 E WYY —HFRE XA
Sf| oF &%, Py_INCREF () & ARS8} 5§ & 1}7} E Utk o] &= F 7HA] F 839 7 ol
T}: PyTuple_SetItem() ¥ PyList_SetItem(). ©] T AdH FE gt 42/AS ATYLt
— AAL A H et E! (PyDict_SetItem () 3 1 AT E2 2 FAS HANA GFUth— o2 “H
ddyth)
Casrl oMo &2 u], TEAZHRE 2 Ao U3 2 & AP Ut} &A= A A o o gt
%}ia afot7l w2ol, e Fxo] fH2 Frtukdhd oA BAgg Ut o2 dY F2E A%
StAY A of & wl ¢k, Py _INCREF () & $&3l] &7 22 BEo ok gyt
ol Ao TEH C g A iidtd AR A2 E 427 Aoyt —42FdL oA 24}

2 AL yrch

AFo] O
=2 2 ua
AR Fast e Fxo Abgo] BAS 4o 5 = 2 7R AFo] JdF UL o] AE2 R F
FAz2Y 2 FA7 AR E AESIEE ST = Az BAF 3&50 #HHol A5 Ut
71 mA Gofol & M F o s A+ 2o gist FxE el ok I o] 9le AA| oA

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

PyList_SetItem(list, 1, PyLong_FromLong (0L));
PyObject_Print (item, stdout, 0); /* BUG! */
3

o] 4= A 1ist (0] e F2ENA TS, 1ist [1]1 S P02 vy, vz eto g g Hz2E
Sl gy Fafsl Kol 82 A gk 18 A k5t

l

PyList_SetItem() © 29| Aol 2L wte}r} BHAth gAEE RE 3o 3t FXRE LG4,
FE IS AT o 4 FF 1S ﬂt(dISpose)’ﬂOF it oAl & T 1o] AHE A} F] Fea9
Axdaebal 7pg8kal, FefA7t__del () W 2 Aot o 7HgE BAITh o] Fela AaE
29 F2 371D W, o] & A3 __del_ ( W 7t s &g Ych

vhol o2 ZAH 317 del () MIAEE 49 sto|H I =& AP 5 H Ut 279
bug () Al A itemo] St FRE FEZ 6}% A AT S JS718? BEE2YYUtH bug () ofl A4
ZAEZ  del () HIAZAA A TS Mi 7} 3 H, del 1list[0]9] EFE FE 23S
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AR 4 90w, o) Aol 3% ARl tha vhA o 2T A4S, TAT AR w2 B AT,
A itemS FEZ ok

A S g i, 2 S gdsUth: dAFCE Fx S5 E SEAHAL. e HAY
e oS Zsynh:

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) ;

—~

1] o] oF7] 9 1] . o] 21 ¥ 29| sho] ol = o] 11
H AN S o) 5 Fohil7] ¢ Cﬂﬁﬂﬂﬁ%

g gz FA7F A F HA Aee et dEE Wy g
Fe o= A Fo] lojAl, stolal ez aag}oq = e ﬁ%(’ 1771013
a5 Ut 28, W32 Py _BEGIN_ALLOW_THREADSE AE3te] o] 2& OE]}‘]Z-'}—Q—E- off Al sF a2
Py_END_ALLOW_THREADSE Alg&3}o] ThA] &R T 4 Q15 Y} g2 /0 ,
AR AR 59 OE A 22 AAE ST S YRS FULE £HE, 03 Bt
o)A P} 2 At U Th:

ré’éL
dlig
i3

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

NULL %9l¥]
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G
5
Hl
-0,

QiAo AR F2E AAR Aol F5E UL EAHE AL A0 J|heA on, 12
o8 510] 2 W ok (B o] F9) 50] G2 HUFUTH. AA] FEE VAL PrL AWAow
o 9] 71 M 322 Lheh 7] 1514 B NULL S  NULL Q1AHE AAFSHA] b o]t B4 Sl

whebeh o) o DY
F% Aol W2 AA & THE Fao] AR BRI Th— 2 g5 hnurne AARRTHE, 5 A A}
wo) WA ST T g wa A AsE )
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ol ol & LA Z 7 e FollA.
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Co+2 84 05 E A4L 4 ATk LA Aol AT 2 2229 (5hol A e
o] C Astde 2 Astds 1 P W, A4 9 Ao} A A static) ARAE AT 5 G U
Mol Zza3o] Ct At 2 P28 4ot A7} +

= A oF

S (£33, B E 27|83 &)= extern "C"E AR SHo] A A

ol X Oﬂ‘:‘] BdE FEZeEYFEYUT— __cplusplus 7|& 7}
B

Urth sto]H Az eyl S&5S
StUth extern "C" {...}E2 ¥
o= (ZE HA C++ AL =7t
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of
7

2112 &% 252 9|3 C API 2|23}
B 3y BEL B slol oA SR RS 49 J2 ATSHAY, M g BEY s}
84 25l 88 4 AT o8 50), BAREL 24 Gk JAEAY A5 AAM 9L
FAR S AFUTH £F wol 4 2 AE o] g BEo) P AES UET 2T 5 UA S CAPL
e AR, o] Mze AeA Polk e FF REANA A4 22T+ 9 C B4 Aol dojok
gk

Aol o] AL 419 AX Y HAUTH B $48 A4 (BE static AASA 9w, 448 9T

218 A 2312, CAPLE AW Th AL o] A8 22 98 R Eo] R4k ool W Az lE|g} B Ao
ehojueelx A85iH, 3 mEol 3o 757} ohe

Gasof Jobd AE Pk T RES T

25l A oA gk 4 Utk A4S AR e £ AA o] wet eyt ofE Aade
Soltl Aaelelet 2E 48 ngol el A o8 TUL AT E (18 Sof A e
NoAde 2E 9 Ao JEE HE 750 522 WA OR 873 AL (X7} shhe] AlgiTh,
ﬁﬂﬂﬂzﬁ%@#dE%@ﬂqﬂﬁ%ﬂ%ﬁélEﬂliﬂﬂ@ﬁOEHﬂHﬂ% R Lk
P58 7H BE o ob2 2EH A 9494 5 dFUTH

webA] o] Al ol 71 & ZRA A ol thsl] g Bk A] ok 2ol A H YT o] AL thE & R EAY ol &
229 3§57}, REY 273 F4L2 A FH RE RE /|5 statico @ Ads)of =
JuiFdUth (A 250 wA = H o] B3 273 goll A A EXol). Z2]al o] ThE 7 EE A
WA B ofgt Sk 71 S5 ThE WA 0B = Ea) of TS o m| T

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

@7 25 CAPLE kB ot o] A4 & A8k Plol e o2l /A7 e 2 g7k A9
A% AAL, BE CAPLZAEH A48 Qo] 748 A2 AT 5 gk 1ol 2A6E
AR ANE e AL FEE AT RED S| AE BE o] ole] P o BarE 5

91Utk

Whichever method you choose, it’s important to name your Capsules properly. The function PyCapsule_New ()
takes a name parameter (const char*); you’re permitted to pass in a NULL name, but we strongly encourage
you to specify a name. Properly named Capsules provide a degree of runtime type-safety; there is no feasible way to
tell one unnamed Capsule from another.

23], CAPIE 3751 o AF85 = Aol the 720l me} o] 82 A A8l of Fut):

modulename.attributename

9] ¥4 PyCapsule_Tmport () & AH4310 A4S 9} A1 2H CAPIE 47 25 &5 AA W, A
ol o Ao QAT e AU o] EAS CAPLAE A A4S SE B Aol SUHE C
API7} 35 o] 9tk F41E F U,

The following example demonstrates an approach that puts most of the burden on the writer of the exporting module,
which is appropriate for commonly used library modules. It stores all C API pointers (just one in the example!) in an
array of void pointers which becomes the value of a Capsule. The header file corresponding to the module provides
a macro that takes care of importing the module and retrieving its C API pointers; client modules only have to call
this macro before accessing the C API.
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HEE BEL A4 7109 o] 9 span RES A3 A YUtk spam. systen() T4 C 2holH e
T system () = A F TESHA = F, AA R+ © B34 A9 T (7 2E % % ol “spam”

] 1=
h
Z2) PySpam_System() &F+E TEFUth ©] 34 PySpam_System() & ThE

o

Caoln, e ZE 2%

iy

4 PySpam_System () 2 HH o] statico & AAF Y5}

static int
PySpam_System (const char *command)
{

return system(command) ;

i

A #A 43 F U

spam_system () 5

static PyObject *
spam_system (PyObject *self,
{

PyObject *args)

const char *command;
int sts;
if (!PyArg_ParseTuple (args,
return NULL;
sts = PySpam_System (command) ;
return PyLong_FromLong (sts);

"s", &command))

259 AF LR A, Th F 2 Thgo]

#include <Python.h>

e ¥ 22 o 78 oF guith:

#define SPAM_MODULE
#include "spammodule.h"

#define2 3|t gtdo] &
Bog BE X273

Z3E S &= ol AR g Ytk vHA

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",
Py_XDECREF (c_api_object);
Py_DECREF (m) ;

return NULL;

c_api_object) < 0) {

(Th& sl AT ol A%
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return m;

PySpam_API+= staticQ@ AAF YT I X 9O PyInit_spam() o] T5 T wl] Z Q¥ uj & <]

Aretg] U e
ZH] R E L FH 31Y spammodule.ho] Yo, o} 3} 25Ut}

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

#endif

/* Header file for spammodule */

/* C API functions */

#define PySpam_System NUM 0

#define PySpam_System RETURN int

#define PySpam_System PROTO (const char *command)

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

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

static PySpam_System_RETURN PySpam_System PySpam_System_ PROTO;

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

static void **PySpam_ API;

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

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

static int

import_spam(void)

{

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

}

#endif

#ifdef ___cplusplus
}
#endif

#endif /* !defined (Py_SPAMMODULE_H) */

PySpam_sSystem () ol A 2387] 93] Seto]AE g0 sof & L2 2713} ol A e (AHA
32 2) import_spam() <

PyMODINIT_FUNC
PyInit_client (void)

(B sl el Aol A%)
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PyObject *m;

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

—~

3

o] el 2o o
ookt 2obA,

£ 59 spammodule.h7} T BaksTHe AUtk Ze, 718 T2E YRy e
Wk sk s gy o

rol X

npAete 7 g2 F7F 752 AlFek, 53] ol AE £AEH | vRe] &I & Ao &
Ut AlF A2 3to] W/C APL & 3 A 2 vl 57 2 9] capsules A /A3 A& - (Fo] W Aan T w29
of 4+

Include/pycapsule.h®} Objects/pycapsule.c 3}¥) o] AF5Y T}

22 g9 Peot7]: A A

ol N CBF RE AAAZF WA strH list I} a7 A Z glo] W FEo| A 28 ¢ = N2
P AL 5 AT FUth BE I T== i dS mEAR A FsE7] doj o]l of & A H
Aol Atk o] AW AL A0 e 2heke 4 3o,

221 71%

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

A, A 2 Ao steE, A @ AAE e ol oF it
old FF A AA T AYD 5 Loj A, o 7]l C B3 EF custom Yol A Customolet= A =

Aol et H asto| A 4AS REo| Y5

F3: o7l EASHE AL B4 Aoaic) Y oIS AFAA PUYT 2] grof
#g3 oF St C API: E3 byType Fromspec() §4-8 AHg3tel @ 8% #4332 49 @ 4
LTk, of A Ao A & TR A S U T

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

typedef struct {

PyObject_HEAD

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

static PyTypeObject CustomType = {
PyVarObject_HEAD_INIT (NULL, O)

.tp_name = "custom.Custom",
.tp_doc = PyDoc_STR("Custom objects"),
.tp_basicsize = sizeof (CustomObject),

(Th& sl AT ol A%)
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.tp_itemsize = 0,
.tp_flags = Py_TPFLAGS_DEFAULT,
.tp_new = PyType_GenericNew,

bi

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

bi

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

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

Py_INCREF (&CustomType) ;

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

return m;

o A= 2 Mol w90k & Zlo] WA, ol A G} vl el Mol /18 uhghth o] SAe Al 1A S Aol g

Yrt:

1. Custom ZAA| o] £8H A : CustomObject F+Z A o)1, ZF Custom A A~EAwlT} 3k WA ShtH

2. Custom 89| 2= WAl customType F+Z A olH, EA d4to] R F ulf e =& g7} AASH=
EEEEES VR T e
3. custom EES 27|35t= W PyInit_custom &9 A custommodule 2 A Y Yt

R AR A

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.

H3: pyobject HEAD M= Holt A ZEo] Ygtth 442 F7hshe Aol RSt 2 98

Asdee 29g A

EE A E=guidog 7

s}o] 4 floatsof] T & 9 = T} 25U o
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typedef struct {
PyObject_HEAD
double ob_fval;
} PyFloatObject;

= ) AL 8 A9 Hel g,

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

bi

23 A 22 9= EEPyTypeObject EE UIG3R da1 D=2 A

12k o] C99 2Bt o] A ¥ (designated) & 7|3} AHE AHE- St 2l o] E5 Y

e

object.hol] Y+=PyTypeObjectd] AA Foj= 2o FojRtio B2 A & 24yt YA F=+=
C Aol 31002 ALAW, BesA 2how BAA0 2 A AeHA gt A0 I

sao] @ =N w2 oy 1 Fch

’ PyVarObject_HEAD_INIT (NULL, 0)

o] 2L 9 oA AF 3 ob_base BT E 27]3}3}17] 98 A4 AL dUch

’.tp_name = "custom.Custom",

72 FY ol F. o] AL A9 7| & HAE HHI AF o wA A o] YEbEUT ol & S01:

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

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

o] g0 BE 0|27 RE Y § o] EL BT ZPFE FOR TR oS Yol HFHAL. o] FS
EEL customo] 1l & customo|BtA], & o] &2 custom.Custom® E A AT} o] pydoc
pickle REV} SRR =2 o0 44 Aoz PRY JLE J2E AT 2o FLFUTh
.tp_basicsize = sizeof (CustomObject),

.tp_itemsize = O,

O] A2 NMZ- Custom A~HAE
tp_itemsizex= 7bH 3 7] A A ol A}

Z3: shol Mol A §L A A &4 9712 Aoka, Wo| Wo| AW 2L tp basicsizeD AT
Oz el 2AF 92 £ bases_ o o] §< WA Ao}
o 284 2o oe] glol W new () WAEE 52T 5 stk Fo| Mo AR
tp_basicsize $S ZEE 3lo] o] ZAAL 9T 4 Ut} tiEe] 49, o] AL A= W=
St Wl o] 28 o] object o] AL}, 1A koW Wl o] Aol Bl o] WHE E7heke] A7) E Y]
o) £ <]y o,

o oy
°
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.tp_flags = Py_TPFLAGS_DEFAULT,

) S5 R E ol ZFA G Aol el 3714 218 R AR TYAI,

AA A3< 75 3tA W, tp_new A 2] 71 & Al F3 oF Itk o] A Tho] M WA= __new_ ()&}
FS5oA M A H o7 A A o ). o] A=, APl $H PyType_GenericNew () o A A &3F=
AR PR T AT 5 5T

.tp_new = PyType_GenericNew,

PyInit_custom() 9] &7 =L A9Jstal, std e th& EE W-&2 g 5dlof

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

o] 212 Custom @<= 27|88k, A5l NULLE A3 ob_types E33H0], of2] S A H 3%
Z|ege s AUk

Py_INCREF (&CustomType) ;

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

o] AL S RE YA g o] 718Utk Custom FHAE T8 Custom JIAEAS S £ JYEE

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

oA AR JULH Foldd &= A2 A=sl= ZAYUth 919 ZTEE custom.cEhe F ol Y1

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

£ setup.pydte 90 ¥ & 5=

$ python setup.py build

Ao A gatd A B tAE glo] 314 custom. sog A oF Tl i F t A E g 2 0] 53} T}o]
WS A ZASHA A 2 — import custom & 4 911 Custom AR 2 = 4 Y5t
IEA AP A st 18R ez

22, A7) Custom 3 2] 1 FA S5 UTh HlolE 7} 9T ol E A 34 ebgvith Au 2z
4 gl yth

e o] AWAECFHFS NERY] AR EF distutils LES Hol AW, A AL§ Aellof A
MFILFA #el 72 B setuptools Bhol He el 8 AHS3HE Zlo] B4 Uth o A4S FAshE P
Oe B A o EA] WL Lol AT so) 8 o714 ALE AL A5 A IA 2 % DT
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#define PY _SSIZE_ T CLEAN
#include <Python.h>
#include "structmember.h"

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

} CustomObject;

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

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

CustomObject *self;

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

self->first = PyUnicode_FromString("");

if (self->first == NULL) {

Py_DECREF (self);
return NULL;

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

}
return (PyObject *) self;

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

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

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

(Th& sl A ol A%)
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if (last) {
tmp = self->last;
Py_INCREF (last);
self->last = last;
Py_XDECREF (tmp) ;

}

return 0O;

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

static PyObject *
Custom_name (CustomObject *self, PyObject *Py_UNUSED (ignored))
{
if (self->first == NULL) {
PyErr_SetString (PyExc_AttributeError, "first");
return NULL;
}
if (self->last == NULL) {
PyErr_SetString (PyExc_AttributeError, "last");
return NULL;
3

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

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

static PyTypeObject CustomType = {
PyVarObject_HEAD_INIT (NULL, O)
.tp_name = "custom2.Custom",
.tp_doc = PyDoc_STR("Custom objects"),
.tp_basicsize = sizeof (CustomObject),
.tp_itemsize = 0,
.tp_flags = Py_TPFLAGS_DEFAULT | Py_TPFLAGS_BASETYPE,
.tp_new = Custom_new,
.tp_init = (initproc) Custom_init,
.tp_dealloc = (destructor) Custom_dealloc,
.tp_members = Custom_members,
.tp_methods = Custom_methods,

bi

static PyModuleDef custommodule = {
PyModuleDef_ HEAD_INIT,
.m_name = "custom2",
.m_doc = "Example module that creates an extension type.",
.m_size = -1,
bi
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PyMODINIT_FUNC
PyInit_custom2 (void)
{
PyObject *m;
if (PyType_Ready (&CustomType) < 0)
return NULL;

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

Py_INCREF (&CustomType) ;

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

return m;

o] A BEo|: o] 7}x] WA AFae] J5 Ut

PR
23} 7+ 27} 2 8 (include) < 7135 U th:

#include <structmember.h>

o) e FEol A AN ol EHEE Akt o] AS S HAS ATTUDH
Custom @2 o)A C FEZA| 9 first, last D number2] A 7}X] g o] o] E B HE7} JdF5 YT} firsts} last
EscAsdUT

Wt o] 27 4L ek 3ol EAA U T number o] E 2] 5
o
=3

AR FEA L e 2ol AAFUth:

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

} CustomObiject;

o)A B2l e vl ol el 7} Q7] wl&ol, AR Skt @ s Alo] Bal H AFa ok G H o, B
a4l vl A =7k 2 2 ok

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

& tp_dealloc WH ol thYFUrh:

.tp_dealloc = (destructor) Custom_dealloc,

N

ol JMELE WA F Folx AEGFES IFX 34E AFUYLE Py _XDECREF () & UAA7F NULLSI
4% (tp_new7} T 7ol Asfstd TP 4 S AFYUHE EntaA AgdUch 218 o3 42 3
(Py_TYPE (self) & A4 Yth 9 tp_free WHE T E3to] A9 WEE —ﬂxlf;w . AA
o] customType©] obd 4= QLo Fol A2, AA= AH 29 Ad2d2d 5 Q7| df &I Yt

Z+31: customObject * QAAE HFEE Custom_deallocd ALY AR tp_dealloc T4 ZEH
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£ PyObject * JALE g Z 02 7|th5}7] wfFoll $]9] destructorZ29] WA H HAETFZ Q3
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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;
t
self->number = 0;
}
return (PyObject *) self;
}

23 7S tp_new WH o At

.tp_new = Custom_new,

tp_new A2 7= @9 AAE (2713 vl sto]) A st= A ds JUth FFololA __new_ ()
HAMER = EFUrth tp_new AW E 2394% Ao+ glon, A2 we 242 919 custon 63.4 2
WA B Ao A 28 PyType_GenericNew () & AAFL 371wk Uty A 2L, tp new A2 7] S A&3}
o first?} last o EE]HEE NULLO] 0}1/1 7]£7¥0§ %713k o}

tp_news SAIAEA 3 HE Y AE ZPaTAd2E A ﬂﬂ H, BFE Al CustomTyped T8+ %5
Utha o] 322 u] Agd 2E Az Ads o, “J—Oi A AA~EAE WSE Aoz 7]‘41%145}
tp_new A 8] 7] & FA J A} 71 HE AAE WotE oA g FF AAE F A A2 A B E 2713}

(CY tp_inity 3ol ® e __init_ ) WA= A FAFYTH

Fa: Az B 7 A & A0lehA, tp_newe HAIACZ tp_initE &5 ¢ HU T

tp_new 72 tp_alloc EX%& T &3t R & 3t

self = (CustomObject *) type->tp_alloc(type, 0);
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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, "|00Oi", kwlist,
sfirst, &last,
&self->number))
return -1;

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

}

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

}

return 0;

oL Z tp_init €X& AFYth

.tp_init = (initproc) Custom_init,
tp_init €% Fo|MeA _init_ () FINERE =EF Ut AA7 SR & 27|35 6= T
AER UG 273 AR 94 909 719 QA ol S o v AT Al 0 Ei- o 2] A] 12 W of
Sk,
tp_new A 2] 7|9t &8, tp_init7} obe]]l EEHA &S T = AFUTH (& S0, pickle BEL 7]
BEARog 9 aFHJAEH2A init ()EZEsHA gsUrh. A8 H 252 o5 dsUth
2 92 AAe _inic_ O MASE T2 S ALY ol olf2, Al JESHE e YT
w) = Zha e 2ol s of gk of B S0) first WHE 043} 2ol dAa T & 5 Az
if (first) |

Py_XDECREF (self->first);

Py_INCREF (first);

self->first = first;
i
A T o] AL AP 92 WL £irst W) S A DA ol, BE F59) AR 2 5 9
ST First WHjol A2 e 2 ARG 20k AdE 5 o JMXW} 92 5 g Tk EE
S}3] A7k A9 SlE el 22 S A the A oA ARle] A A5 5 s 99 e}

570 531 o] H5 OB RE $e] ANE HEH] A3, Pelt AL B B2 AFE S0l
Aol e 2 chal S Th QA o FA B ghols B7haz

« BE Q5 HIET AT 2S B 23 9L )
» AR GG AAGLE AASAE 91 GO LES thA] EHFAE FSL SIS
¢ €8 7A $AS LA Gt F9 tp_dealloc AN B2 A5 E BN W

HE5asyA g2 rIEgote A ¢ e FAUth
AgatA] 7] wl&el, o] el Al A £ tp_dealloc A2 7]A o] A& A AF U T
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static PyMemberDef Custom_members|[] = {
{"first", T_OBJECT_EX, offsetof (CustomObject, first), O,
"first name"},
{"last", T_OBJECT_EX, offsetof (CustomObject, last), O,
"last name"},
{"number", T_INT, offsetof (CustomObject, number), O,
"custom number"},
{NULL} /* Sentinel */

bi

183 tp_members £l A E dH5 U

.tp_members = Custom_members,

o] HZHY Tt sto]d o] EFRE AT 5 = AA 9 @gxﬂf‘i%“%ﬂé% AlEstA] ethe
AUt ol R A2 EALEY 2102 7[HstA v, BE Sto]H AAE EFE + 5T =T o E
B HEES AT ¢+ JdH U C 28 E NULLE AAFYth NULLe] o}d Fto g W E 273 & ¢
UA T, AERREES A6t WS NULLE AT 5 st

o5 AZ ol B AA o] 522 EY et Y WA E Custom.name () & B FTh

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);

oY HEE Custom(thustom AqHE %aﬂﬁ) A2HAE A AA JAAZ Hol=C T+ = ?‘@%‘/]Dk
EE 5T AAA 7N E AA= HshA

EdxR MR E Teted 48 muHE‘r-

_4

Aol L ob 7 AT 514 rolA 92 QA BBl 719
o] WA EE Tk} 2e shol A M =9} 55 gLtk

£

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

£irsto} last WHZENULLY AP A S BAdof gol foS4IA . AAT 5 9] A2, ol
NOLLE ARG YT o) oj e FEe) AAE WA s JE LR E g 2R At Al
F5UT ohe AAoNA o] 2 25 PSR AL

)

oA A EE A BEUTH A E e DS S o] of Ttk

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

bi
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($ 2]+ METH_NOARGS &2} L& AME-3lo] WX =7} self o] €] 9] QJAE 7| thaHA] &3S YER Sl
A A L)

J2]3 tp_methods €5 A g &Y ch:

’.tp_methods = Custom_methods,

R Eko 2, 2o P& A B Fedo wlo]A FejAaR AT 5
RSO A ALk A4 F 3 9= AR Fol s AHY S SHA @=
T A Fda 22 Aol py_TPFLAGS_BASETYPES £7}517] vk b H Yt}

’.tp_flags = Py_TPFLAGS_DEFAULT | Py_TPFLAGS_BASETYPE,

PyInit_custom()9 ©]&& PyInit_custom? () & B} 11, PyModuleDef FX A oA B E o] &L
74418t al, PyTypeObject FRA| A AA| S 2 o] 52 7417 Th

A Ete 2 A 55 W E3HY] 98 setup.py LS BAFUTH

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

1)

2.2.3 golE] o] ERHEE t] AW3}A A|o)3}7)

o] A Mo A, Custom A A9 A £irst S last of ERHEF B = PAL o LA Ao FUth
o8 WA BEAAE, AAEA WS first 9 last B BAG0] o g2 AASAY AR T S
& Utk o ol E el HE S 4 EA G P S 53 A& ok

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

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

} CustomObiject;

static void
Custom_dealloc (CustomObject *self)
{
Py_XDECREF (self->first);
Py_XDECREF (self->1last);
Py_TYPE (self)->tp_free ((PyObject *) self);

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

CustomObject *self;

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

self->first = PyUnicode_FromString("");

if (self->first == NULL) {

Py_DECREF (self);
return NULL;

(Th& sl AT ol AS)
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self->last = PyUnicode_FromString("");
if (self->last == NULL) {
Py_DECREF (self);
return NULL;
}
self->number = 0;

3
return (PyObject *) self;

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

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

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

}

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

}

return 0O;

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

bi

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

Py_INCREF (self->first);

return self->first;

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

return -1;

=y
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3

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

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

Py_INCREF (self->1last);

return self->last;

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

static PyTypeObject CustomType = {
PyVarObject_HEAD_INIT (NULL, O)

.tp_name = "custom3.Custom",
.tp_doc = PyDoc_STR("Custom objects"),
.tp_basicsize = sizeof (CustomObject),

(Th& sl AT ol AS)
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;

.tp_itemsize = 0,
.tp_flags = Py_TPFLAGS_DEFAULT | Py_TPFLAGS_BASETYPE,
.tp_new = Custom_new,

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

.tp_methods = Custom_methods,
.tp_getset = Custom_getsetters,
bi

static PyModuleDef custommodule = {
PyModuleDef_ HEAD_INIT,

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

bi

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

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

Py_INCREF (&CustomType) ;

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

return m;

first®}last OJEZHES H B H o2 A ofst7] 6, AH8- A A 2 7 H (getter) 2k M| B (setter) &<+&
AR FUTH first O ERES 7MA e AAstE e et 2eUth

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

Py_INCREF (self->first);

return self->first;

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

(TF= ol Aol A
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tmp = self->first;
Py_INCREF (value);
self->first = value;
Py_DECREF (tmp) ;
return 0;

A€ (getter) ol = Custom A A 2} “F Z A (closure)” (void Z QAN E]) 7} AEH 19, 2 2R =
7 /\]9 Ytk (FE2 A+ A9 bl o] Bl 7} Al (getter) 2F Al E] (setter) & A= = 113 AHEH S Z] ] g o}
& 50, ZEA dolg ol 7[Htele] 7TAH LAY AAZE AEGREE AASE= TY A H (getter) &+
A€ (setter) &= A TS 7Hs3HA FUth)

HE) (setter) B0l = Custon A, A gt 8 F2A (closure) 7} AL FH o A @& nuLLd £ 910 v,
o] AL ol E g]};il_Eﬂ./ﬂ-xﬂQ]/]I;]— Al E (setter) ol A, %2l = o] E B R E7} 4t
b ™ e & YA AT

PyGetSetDef F+Z A9 wjgL vH5U}:

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

283 tp_getset €F SEFYh:

.tp_getset = Custom_getsetters,

PyGetSetDef 7279 vpx| 2t F5-2 Aol A AFF“Z2A"YUL) o] F¢, FEAE AHE A ol
A, NULLEF Agg ).

w3 o)) g o E¢l Bl that W S AAG T

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

bi

EE EAGH ADHEE p_init A7) S A oF FUT}:

[l

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

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

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

self->first = first;
(TH S oA ol A%
328 oAl first9} last W7 BRI Dol gt AL A YoM, FR AFE Zoletl € 9T £ JA W, S8 EAE
NE 220 QARAES PolS YT Aut 2D L BT SAGE Ao] 2l AAE v T2 AL A, 24D AB

o}
Y dadaE G SASE Aol AAR oA ZEH A vt BT S Yleunh
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Py_DECREF (tmp) ;

}

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

return O;

o2 M AL E4), first 2 last WH 7} Ah NULLo] of gl FAIE = glo A, AL BE L
NULL & HAAFE A AT 4= d5Uth o2 g+ ECREF () $%©°] Py_DECREF () 3 & &

o
A3 F4 = tp_dealloc Fa oA <ld],

WHD 5 AL gu P ol B EEL WAL ¢ e 7
to_newol A o Wi o] 27187t A YL 7HsA o] Y& e

w ot o A3} R AA R, 2718 Pol A BE 2713 49 BE 0§ WP, setup.py e
S CE2 /s S|

2.2.4 +3} 7In) A A R Y3}7]

sholmole Fx 047100 opd vl BBRF A S AW 5 9le <3 A £77] (GO A%
Utk ol AL AR 7L 2ol G T ) Lol 5 A5yTh ol Sol, T RHFAA L

>>> 1 = []

>>> 1.append(1l)

>>> del 1

o) del A, AN L EFeE B 2EE BEUTE A E o del A Fx7 AUtk F2 A%57H0
o7 ol 7] dsUth P AHA L, oMo 2 7HR| A A 7= A= g2 E 7} 7H] A 1:% 2l
3k S Al g ok

Custom oA 9] 7= WA HANAN =, BE FFY AAE first} last OJERE AZT 5 AAS
Yo, Atz Ak Al A w - A, Customg A H zaw T4 AW, HE FeAE gl
B REE F71 4 AFUTE o £ 74 o]f F ol= AL R T, Custon Al 3ol FT £

Utk

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

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

T2 GC7F R &3 7104 3= Custom Q&
FAL FHEES AL olB A £ FE A EE S E FAsE) oF gt

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

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

} CustomObject;

(TF ol Aol A

YE o EFRES EAD dadar AE Ao, ARAL Qo) str AH ZHAAE ADE S Yol o He B2
<38 us £ Q5
TO= JU=E T oMHE
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static int
Custom_traverse (CustomObject *self,
{

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 O;

static void
Custom_dealloc (CustomObject *self)
{
PyObject_GC_UnTrack (self);
Custom_clear (self);

Py_TYPE (self) —>tp_free ((PyObject *)

static PyObject *
Custom_new (PyTypeObject *type,
{

CustomObject *self;

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

Py_DECREF (self);
return NULL;
t
self->last
if (self->last NULL) A
Py_DECREF (self);
return NULL;

}
self->number = 0;
3
return (PyObject *) self;

static int
Custom_init (CustomObject *self,

{

static char *kwlist[] = {"first", "last", "number", NULL};
PyObject *first = NULL, *last = NULL, *tmp;
if (!PyArg_ParseTupleAndKeywords (args, kwds, "|UUi", kwlist,
sfirst, &last,
&self->number))
return -1;
if (first) H{
tmp = self->first;

Py_INCREF (first);
self->first first;
Py_DECREF (tmp) ;

visitproc visit,

PyObject *args,

PyUnicode_FromString ("");

PyObject *args,

void *arg)

self);

PyObject *kwds)

0);

PyObject *kwds)

(Th& sl AT ol AS)
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}
if (last) |

tmp self->last;
Py_INCREF (last);
self->1last last;

Py_DECREF (tmp) ;

}

return 0;

static PyMemberDef Custom_members]]
offsetof (CustomObject,

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

bi

static PyObject *

Custom_getfirst (CustomObject *self,

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

static int

Custom_setfirst (CustomObject *self,

{

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

}

if (!PyUnicode_Check (value)) {

= A

number), O,

void *closure)

PyObject *value, wvoid *closure)

"Cannot delete the first attribute");

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

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

value;

static PyObject *
Custom_getlast (CustomObject *self,
{

Py_INCREF (self->1last);

return self->last;

static int
Custom_setlast (CustomObject *self,
{

void *closure)

PyObject *value, wvoid *closure)

"Cannot delete the last attribute");

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

}

if (!PyUnicode_Check (value)) {

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

return -1;

}
Py_INCREF (value);

(Th& sl AT ol AS)
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Py_CLEAR(self->last);
self->last = value;

return 0;
3
static PyGetSetDef Custom_getsetters[] = {
{"first", (getter) Custom_getfirst, (setter) Custom_setfirst,
"first name", NULL},
{"last", (getter) Custom_getlast, (setter) Custom_setlast,

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

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

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

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

bi

static PyTypeObject CustomType = {
PyVarObject_HEAD_INIT (NULL, O0)
.tp_name = "customé4.Custom",
.tp_doc = PyDoc_STR("Custom objects"),
.tp_basicsize = sizeof (CustomObject),
.tp_itemsize = 0,
.tp_flags = Py_TPFLAGS_DEFAULT | Py_TPFLAGS_BASETYPE | Py_TPFLAGS_HAVE_GC,
.tp_new = Custom_new,

.tp_init = (initproc) Custom_init,

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

.tp_methods = Custom_methods,
.tp_getset = Custom_getsetters,
bi

static PyModuleDef custommodule = {
PyModuleDef_ HEAD_INIT,

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

bi

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

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

(Th& sl AT ol AS)
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Py_INCREF (&CustomType) ;

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

return m;

2o Ut

oY
ok

i)

R ERE LR

o

i

A, & (traversal) WA == =3 GC7}

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

return O;

-~

Tl FAg 5 A= Z} AB 7“Xﬂ°ﬂ EHOH A Uﬂ/ﬂ of A% & visit () f?: —2— T & oF FUth
5 }

SES A58 Py _VvISIT() WAZZE Aw @YUtk Py_VISIT() & AMS3HH,
Custom_traverse©o|A] #&F ¢S H A3 = JdF5 Ut

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

Py _VISIT(self->first);

Py_VISIT (self->last);

return 0;

Z3: Py _VISIT() S A28 tp_traverse A AR} o] &-& visitT} argE A &3} A 2] A ) oF
o

=A, T2l AT+ e AE AAE A= WAEES AlFs oF Futt:

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

ol o] Yol o E

Py_ CLEAR A2 ARGl FHAHA 2. FE AFTEE 2]
o]E ] H E oA Py_XDECREF () & thAl

()
AR 1 A s ¥ ) NULLE A A 3}7] Aol
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Fol o)

i

JEPRES 3} A7t o] EYHES A Yt DE (S B2 A 528 54

AEUTH

N

3 g3 Zo] A4d3te] py_CLEAR() & o[ Ed o] AT 4= JdH5Uth:

PyObject *tmp;

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

Y E, o =) R ES A ©f $4py_CLEAR () AHEEH71 7L A4 A3 o# 7L A5 Ay
3] 43 A AL A A8 A LA vH A 2

o

e
rlo o 4>

o Al 7] Custom_dealloc A ERRES A2 w] 499 I=2 32T 5 s Uh o+
WollX <2 GC7HEE A E = A= -4”]“‘43]' GC+ = 371 00] by gtar 7k 817 wf 2o,
HE Z]—rﬂ Aol PyObject_GC_UnTrack () & E&3to] GCol A A& F4 & Al 3l oF Tt} th=
PyObject_GC_UnTrack () I Custom_clearE AFESlo] ThA] 28 H &3 A 71 Y t}:

]

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

ulzx] 9o 2 py TPFLAGS_HAVE_GC ZH 1 E Zd 2 Za 1o 71}

.tp_flags = Py_TPFLAGS_DEFAULT | Py_TPFLAGS_BASETYPE | Py_TPFLAGS_HAVE_GC,

A o s UTH AFEA A9 tp_alloco |t tp_free A 27| & AP H, &2 7] A A E 95l
ol FAs ot RS gL AFo® AlFH HAS A EY T/}-

225 T} o] AH e A

71E QoA HE A 2P 2 BE + 9FUch o] DLW PyTypeobiect & A7 AHEE 5 9)
o A, AR oA 451717 71 A5 U T B4 LE 7ol o) e} 8 PyTypeobiect T2 AE 5H37]

ofel e 4 Q% Ut

of el M= W 1list & 538 subLlist P& URUTh 2L J2 AN B LELL A3 28
= A h WE 7FEHE S7HA 7= 71 1ncrement() A =7 95yt

>>> 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;

(Th& sl AT ol AS)
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static PyObject *
SubList_increment (SubListObject *self, PyObject *unused)
{

self->state++;

return Pylong_FromLong (self->state);

I3

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

bi

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

static PyTypeObject SubListType = {
PyVarObject_HEAD_INIT (NULL, O0)
.tp_name = "sublist.SubList",
.tp_doc = PyDoc_STR("SubList objects"),
.tp_basicsize = sizeof (SubListObject),
.tp_itemsize = 0,
.tp_flags = Py_TPFLAGS_DEFAULT | Py_TPFLAGS_BASETYPE,
.tp_init = (initproc) SubList_init,
.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;

(Th& sl AT ol AS)
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typedef struct {
PyListObject list;
int state;

} SubListObject;

oA A F2 2ol HL2 wlo) A AA F2A7F A AA gholojof Tt AYUth HlojAag 2
oju] LAY A& KEof PyObject _HEAD (>%§a EigiaR =

glo] W AA| 7} subList AAEHAL wf, PyObject * QB = PyListObject *2} SubListObject
*Uciﬂﬂ4ﬂﬂAa9AmAqq

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;

oA Hlo]2de] _ init_ WAEE ZEISFE=UHIS E
o] AL AH&-A} A9 tp_new} tp_dealloc WHE s
= AAZ tp_allocg AHE3H] A9 W RS WHER T

o) H el =2 o of It}

PyTypeObject XA+ Fo F74 H o] % 25 A Q3= tp_baseE AP ULE T2 ZHE
Aty AR A3, pyList_Typed st F2 2 G F= & A H AL 5 gsUth Usod BE

278} Fr4oll A 4 2 al of 1 o

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

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

Py_INCREF (&SubListType) ;

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

return m;

PyType_Ready () & E&317] Aeofl, & F+x2a)|9 tp_ bas <50
’%‘@EH,PyType_GenericNew()itp allocEE &A=
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I thE, PyType_Ready () & S&3}11
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Here is the definition of Py TypeObject, with some fields only used in debug builds omitted:

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

/* Methods to implement standard operations */

destructor tp_dealloc;

Py_ssize_t tp_vectorcall_ offset;

getattrfunc tp_getattr;

setattrfunc tp_setattr;

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

reprfunc tp_repr;

/* Method suites for standard classes */

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

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

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

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

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

const char *tp_doc; /* Documentation string */

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

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

/* Assigned meaning in release 2.1 */
/* rich comparisons */
richcmpfunc tp_richcompare;

/* weak reference enabler */
Py_ssize_t tp_weaklistoffset;

/* Iterators */
getiterfunc tp_iter;

iternextfunc tp_iternext;

/* Attribute descriptor and subclassing stuff */

(B sl ol Aol A1)
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struct PyMethodDef *tp_methods;

struct PyMemberDef *tp_members;

struct PyGetSetDef *tp_getset;

// Strong reference on a heap type, borrowed reference on a static type
struct _typeobject *tp_base;

PyObject *tp_dict;

descrgetfunc tp_descr_get;

descrsetfunc tp_descr_set;

Py_ssize_t tp_dictoffset;

initproc tp_init;

allocfunc tp_alloc;

newfunc tp_new;

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

PyObject *tp_bases;

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

PyObject *tp_subclasses;

PyObject *tp_weaklist;

destructor tp_del;

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

destructor tp_finalize;
vectorcallfunc tp_vectorcall;
} PyTypeObject;

[«
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const char *tp_name; /* For printing */

B2 o]F - o] A oM dF =0, o) A2 o Xl A detued], A9 Ad A JYtt. 128

AN E ol e A S AHFHA 2

w

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

o] Ao A A7} BrEo] A uj st
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P27 L BAL, FE)ol o2 A AL Y Aelw e, ol tp_itemsize BET} ol T,
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const char *tp_doc;
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’destructor tp_dealloc;

o] Gt Fol AxTAY Fx A4A00% Fol 5T o] A AL ZH L IR ABE A &
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static void
newdatatype_dealloc (newdatatypeobject *obj)
{
free (obj->obj_UnderlyingDatatypePtr) ;
Py_TYPE (obj)->tp_free ((PyObject *)obj);

If your type supports garbage collection, the destructor should call PyObject_GC_UnTrack () before clearing
any member fields:

static void
newdatatype_dealloc (newdatatypeobject *obj)
{

PyObject_GC_UnTrack (obj) ;

Py_CLEAR (obj->other_obj);

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

Gzl Fro T2 T AG T stue AF T S 2R A -‘:rCﬂ of sttk= A YUtk
AElZ e 7} stold 283 H 72 o &3 Hxl7l7}7<}T Z=57] f[Hf"ﬂ FT2EUY; 28 o] (B4
Aol whgho] ofl) o8] 2 <o § 212 ul, B A 717} ol 91 7} ol u] A o] 92T L UEF G
AL o AT 2 UG A Gtk T A S AE R sol W 7= AYD 5 AT 2 B
2L o9} ARH AL FAT 5 AT ok ATz Hsl TERES T4 sy
o] & WA 5t= SHFE W2 HAEHA| ¢F& 2AE w7 Aol AF 5 A E AFs 48HE
9ot AYYrh PyErr_Fetch() ¢t PyErr_Restore () T8 AHESt] £38d + lsyth:
static void
my_dealloc (PyObject *obj)
{

MyObject *self = (MyObject *) obj;

PyObject *cbresult;

if (self->my_callback != NULL) {

PyObject *err_type, *err_value, *err_traceback;

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

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

PyErr_WriteUnraisable (self->my_callback);
else

Py_DECREF (cbresult) ;

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

Py_DECREF (self->my_callback);

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

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

tp_str A8 7]+ str () o it Zo]az, 9ol A *é“é‘?}tp_repr 8] 712} repr () 7Y 4*74]9} ze

T&ﬂ]ﬂqi‘r,ﬁ,i]r 11 F=7F AA 9] Q /\E*""ﬂ/‘i str() & 2= o EE%‘JW TA2 tp_repr
2= 9] u) & 9 A}3}A| T}, 7:1J)r_,_;q_oﬂ Aol ALg317] Y8k AJUth tp_strg A 7‘4‘6]'?(] o,

tp_repr A2 7] 7} tj4l AH&-H Yt
032 73k o U o}

static PyObject *
newdatatype_str (newdatatypeobject * obj)
{
return PyUnicode_FromFormat ("Stringified_newdatatype{{size:%d}}",
obj—->obj_UnderlyingDatatypePtr->size);
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Python supports two pairs of attribute handlers; a type that supports attributes only needs to implement the functions
for one pair. The difference is that one pair takes the name of the attribute as a char*, while the other accepts a
PyObject *. Each type can use whichever pair makes more sense for the implementation’s convenience.

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

S L. K/

getattrofunc tp_getattro; /* PyObject * version */

setattrofunc tp_setattro;

If accessing attributes of an object is always a simple operation (this will be explained shortly), there are generic
implementations which can be used to provide the PyOb ject * version of the attribute management functions. The
actual need for type-specific attribute handlers almost completely disappeared starting with Python 2.2, though there
are many examples which have not been updated to use some of the new generic mechanism that is available.

HE oEY i
YRR HRYL BT | EARED AGTUL TR0, 2R ES DA BEE AL
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1. PyType_Ready () 7t &€ ] o] EZHE] o] & &otof Fth

2. JEYREE ZAYAAIYS S VIS =d S A7t oA ko g 7ite 2 2AE
3HA] okolx Huth
o] B2 2 oJEZ|HE 7}, S A4t A A == #E d ol E7F A FE = o AR F A ok
T3 A L.
PyType_ Ready () 7} T2 wl], § AA| 7} Z23t+= 3709 HolES }J‘lfs}ﬁ o AAY A E o
W X5 &= t 2T HEE %HD} Edy HAﬂEHL A" AA L 3 oE BH%EOH st AN ~E
xﬂoizmv}. Z- glo| 8L Ae = °‘14D} Al 7| 257k NunLoel |, g9 OME“L Hlo] Ay ol A A&
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HolE2 @ AA A 2Er AAgth:

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

tp_methods 7} NULLO] o} ™, PyMethodDef X2 A19] v &5 Fx3l oF Futh Hlo] £ 7t FH LS

ge rzA daaagrk

typedef struct PyMethodDef {

const char *ml_name; /* method name */

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

const char *ml_doc; /* docstring */

} PyMethodDef;

oM Ales = 24 vl 2ol tis) shite] F5S Aol of Futh; wlojadg oA F5a v == &
o] 2234 ?%’Q‘Jf%- upA] o]l shite] 7t ol Do FTh ] 2 ‘/]’E]"H% Al E] L‘i_‘(sentlnel)
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typedef struct PyMemberDef {
const char *name;

int type;
int offset;
int flags;

const char *doc;
} PyMemberDef;

Ho]E9 Zt 5ol thal], AT HEZF FAH I Fof| FE o] A" A FRAANA Fhes FEZ T
IA YTk type BEE structmember.h F B0l YH & = F S s of dUt}; o] 2
shol 2l grah C3t ol Wghsh= < ?‘Jéﬁ} tl AFF YT flags BEE o] ERE] AN Adt=
WS Alolste Sl 18 A S ol AHEE Y th
o o2 44 structmember.holl F o H o] Y5 Ut} H|EH ORE AHEoto] 283 = 54 th
Eha 94‘31
READONLY & g glsyth

PY_AUDIT_READ | Emitan object.__getattr__ audit events before reading.

H A 3.100] 4 W7 : RESTRICTED, READ_RESTRICTED and WRITE_RESTRICTED are deprecated. How-
ever, READ_RESTRICTED is an alias for PY_AUDIT_READ, so fields that specify either RESTRICTED or
READ_RESTRICTED will also raise an audit event.
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For simplicity, only the char* version will be demonstrated here; the type of the name parameter is the only
difference between the char* and PyObject* flavors of the interface. This example effectively does the same
thing as the generic example above, but does not use the generic support added in Python 2.2. It explains how the
handler functions are called, so that if you do need to extend their functionality, you’ll understand what needs to be
done.

tp_getattr X g 7|& AA|d A EZH
HAEZ TS 20 22 AFNA &
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237128 w SEP Utk FH2Y __getattr_ ()

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

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

return NULL;

'%.400s"",
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static int

newdatatype_setattr (newdatatypeobject *obj, char *name, PyObject *v)

{
PyErr_Format (PyExc_RuntimeError, "Read-only attribute: %s", name);
return -1;

23.4 23 v

richcmpfunc tp_richcompare;

tp_richcompare A g 7|l vl Lo S&=H Y}t _ 1t ()& 2L FH3 v HA =
3 g3t H, PyObject_RichCompare ( 8]—PyObject_RichCompareBool ) ol < OH A ZE&g Ut

This function is called with two Python objects and the operator as arguments, where the operator is one of Py_EQ,
Py_NE,Py_LE,Py_GE,Py_LTor Py_GT. It should compare the two objects with respect to the specified operator
and return Py_True or Py_False if the comparison is successful, Py_NotImplemented to indicate that
comparison is not implemented and the other object’s comparison method should be tried, or NULL if an exception
was set.

W5 ZolEle] Z7)7h 2o W 2oha B ol Fo] thak ME AL the T 24U th

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

PyObject *result;

int ¢, sizel, size2;

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

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

switch (op) {

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

}

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

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

Ao AR =2 AA2 v w3 AAAYE 2Fs=F o8, CH PyNumberMethods,
PySequenceMethods T+ PyMappingMethods& Z+ZF F3SlE= £ 2 A9 45 v XYt} o]
TEAE A Fo2 A e AL oleliel ALY, sholtl 2 W T Opjeces T el 2ol A
o5 7h7el A ol B RS 4 A% Tk

hashfunc tp_hash;

o e o] A F3 72 A AT, o] P4t vl o] B9 ) Q2 ol Tha 3 Al 2242 whekal of P Tk,
g 2reket ol g o)

static Py_hash_t
newdatatype_hash (newdatatypeobject *obj)
{

Py_hash_t result;

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

return result;

_hash_ Foll me} Weks ynle 73 9= A5 YUt tp_hasholl A -12 wHestd
olEE ZAIHA, 9ok o] A Aldtel AdE 3 vl vEhshA] o5 523l of T
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1. self = =9 thAel Hlolgd o AA2EAJ YT %9 objl ('hello') o] W, self+= objl1 ]

2. argsts 50 ¢ AAE EFSHE FEAUT Pyarg ParseTuple ) & AHE3Ho] A4S 53
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PyArg_ParseTupleAndKeywords () & AFR 3l QAQAE FE3HUA L. 7] Y E QRS AW FHA|
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static PyObject *
newdatatype_call (newdatatypeobject *self, PyObject *args, PyObject *kwds)
{

(Th& sl AT ol AS)
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PyObject *result;
const char *argl;
const char *arg2;
const char *arg3;

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

}

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

return result;

/* Iterators */
getiterfunc tp_iter;
iternextfunc tp_iternext;

o] 4= O]Ei\?ﬂolﬁ ZR2EZ AGEATTYUL F A7 2F Z &3] 3y ”H7H He S5 &=
2"HAE 3 A FRE Qg ol g7 2 s, ol 9l & A A 8kl NULLS Bl oF g T
<ter—— g}o| A _1ter_() H A Eo | HEtal, tp_iternextE= ¥o|# _ next_ () WA Eo

ol & AA & ol & o] e AAE vkEaf oF 5t tp_iter A2 7]E FE3N oF FUh b2
HIRrE 85 = FF5 AA YU
e oA 7MY H§] o]EHH o HE ALT F A= BHACIE B 2ES FE)Y AF, tp_iterg T E
ﬁ‘a‘uﬂﬂ}‘?‘r A olEj &l ol Bl 7} B 01*11 HEehs] of of FH T
e StHATE o O E E 4= &= (HEF 3L AAAH olg o] Mo FAE o2 Q) A= 22
Oﬂ et 2L FRE Ml tp_iterE T JdFUTh-metA tp_iternext A 7| E
T oF Tt
BEolH#H o AAE tp_iter® tp_iternextE& BF F &3 oF Tt oJE#Ho]E Y tp_iter
A2l 7] olE#olEH o the 22 FRE vtssof U th tp_iternext 27| ol E # o] 49
o2 AA (A ohE) o o sk A FRE vkEe oF ““4‘?} olEl g o] M o] ol = &5, tp_iternext
o 2] & A A A 9T NULLS 1:&%6}74 L}, NULLS ®¥H3H3tE Ao B3 stoplterationS AAEE 4
AFUTEH A9 & 3otH Aol I EFdE = dFUTh AA o7 A, tp_iternext+ f%“o‘
of| ] & A A3}, NULLS WHSHsf oF Fu th

3 rln

19| oFe 2z TR BE F b Aol T8 AA (1E 22D ol B LEE AN A 93
% AU ol ol e 5 %5 ok AvTh

weakref ® —501] EH?J’ A /"]-
AA 7} FetA FxE 4 Joeid, AP o] F 7HA] AY = T 6 oF Futh:

1. Include a PyObject * field in the C object structure dedicated to the weak reference mechanism. The object’
s constructor should leave it NULL (which is automatic when using the default tp_alloc).

2. A ZEE 7} g oo ANAETL 543
AW E C A F2A A F A OJT:.L;LJEJ

TAACE, e B4 BER LT AR 7

g th= W ‘E & 4+ Q95 E tp weaklistoffset &
92 OS2 AAAAIL.

AE st gk

i

[Ll
>,>~
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typedef struct {

PyObject_HEAD

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

And the corresponding member in the statically declared type object:

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

FL3 327 AFL D=7 NULLe] oFY ™ tp_dealloc©] (PyObject_ClearWeakRefs () & &3}
o) BE st A2 E A& o7 k= AYYrh:

static void
Trivial _dealloc(TrivialObject *self)
{

/* Clear weakrefs first before calling any destructors */

if (self->weakreflist != NULL)
PyObject_ClearWeakRefs ((PyObject *) self);
/* ... remainder of destruction code omitted for brevity ... */

Py_TYPE (self)->tp_free ((PyObject *) self);

2.3.7 F7}1 A<

A dolego S HAEE FdsE YHS e HE, CPythan AXFE
E]E—ﬂEiE]EO]EU}‘:‘r— A T oA tp_o Y3k 7]5S Y A (CE
2 RAFRA 6. FAAAL el AT HE S 9 AU

AR 78 59 Bel Tk AT A7) Balsof

Q. AR ol o Zs U th

E FS4 A L. Objects
E9], tp_richcompare)

(

tH, PyObject_TypeCheck () & AHE3HA Al

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

o X1
CPython &~ Y AE t}-& 2 =314 A Q. https://www.python.org/downloads/source/
GitHub 2] CPython Z & A & CPython £~ F =7} 7=+ 3L, https://github.com/python/cpython

2.4 C9}Ct+ B3 W E3}7]

CPython®] C &2 27|31 &4& WH W+ FF gol B8 g Ut (& €0, 8Bl 52+ .so, dEF+
.pyd).

JdxE T 5 9loejw, g7 2to] B e 2] 7} PYTHONPATHO §lojof 8], BE o] &2 ule}l 2 A3 gt
E 29A o] & A ofoF Jl/]D} distutils 2 A} 238, Snl2 319 o] 2o xE o 7 A H UL

A
2715 gt 22 A8 S 25y
PyObject *PyInit_modulename (void)

It returns either a fully initialized module, or a PyModuleDef instance. See initializing-modules for details.
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ASCIZ 7} o] F0] X o]%% 7 259 A%, 9] o] &8 PyInit_<modulename>©]o]of g}, of
714 <modulename>-< %9/] o] &0 2 %3 t}. multi-phase-initialization & AF-& &k w] ASCII7} o
BEE o]E0] 5dL2FH YLk o] A s2p yInltU <modulename>©°]™ <modulename>
2 3to] % & punycode A3 9_ AT Y1 gto] &S DEE hAI Tt sho]H ol A:

def initfunc_name (name) :

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

return b'PyInit' + suffix

ofe] 273 G455 A2 sto] B 7 eholHelelo A ofe] BES HH Y 5 %
JEE W AR A=} a7 40 EENE LB oF T A A0 % 5 o] gl Al
ek A 7w AU Tk A @ - PEP 4899) 8 elol ef gfof of o mE” A2 AR A L.

}f <
Y
[
v
=
i
il
rlr o

2 252 vpo|xlof 23 distutils & AHESF] W= 4 55Ut distutils 7k vkol U 2] 3 7121 o] A=
ol AHEARE e AR5 A & Aok B o} distutils 7F 2 2 kA& FF U

£ Egoly 23 HEQ setup.pyZt E0] Y5UTh o] AL FWF ghol A Y3,
S8 dbel 7500 o)A A2 o

from distutils.core import setup, Extension

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

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

o] setup.py2} 7Y demo.cE TS Ay stH

python setup.py build

dero.c& ATFABT, build U e 2lof denoshi 3 RS A4 TUTH A2 mel, 2 E 5
A& pbuild/lib.system 3} YA E Elo] &7}, demo.soY} demo.pyde} 22 o] EL 714 ¢
AsYth

setup.pyol A, ZE AL setup F4E TE3 AP UL o] AL thFdt 719 = AxE wol
Utk 99 el HE QRw ALY FAROR, o] o HFAE U= ?ﬂﬁ@ﬂﬂ@ig
ARkl )71 A W& ABFUTE it o=, s 7] A& o] W Lo Et‘ir, *H A 34171%1 5
e =71 2Eo] =EFH Yt) distutilse] 7] 5 di

L33 RES W

cetolH AT HYEE ] & Fx3}817] 8, setup () ol st AR v g AlAbe= 2l o] EubE YU Th
219] ool A, setup () o] 3t ext_modules AA= S 2EQ g|2~EH, 2t ZEL Extension?d ¢l
"2 Uth o] oA, 2d e Y A2 5 Y demo. cE B3I St W ES= demogh= S
Aol g o

L

_‘N_ll
N r
off
o
EZ
>
fo
o
M
é
2o

Be 49, B2 NEse 2L U BggUch Ui, 24490 Axe 7] 399} eholn el 7
22F 4 97 WE AUk ol obehol A el AU T

from distutils.core import setup, Extension

modulel = Extension('demo',
define_macros = [ ('MAJOR_VERSION', '1'"),
("MINOR_VERSION', '0'")],

(Th& sl AT ol AS)
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(o1 sl o] A A A%)

include_dirs = ['/usr/local/include'],
libraries = ['tcl83'],
library_dirs = ['/usr/local/lib'],
sources = ['demo.c'])
setup (name = 'PackageName',

version = '1.0",

description = 'This is a demo package',

author = 'Martin v. Loewis',

author_email = 'martin@v.loewis.de',

url = 'https://docs.python.org/extending/building’,

long_description = '''

This is really just a demo package.

[
4

ext_modules = [modulel])
o] oo A, setup () & F7tHIBF FH=E TS0, vl = 3 7] A & LD =3 F%Eﬂ% Agdch &3 2
Al o e A +=, Z*Z%rﬂﬂ Ao, EF=vdHe, gtolBelg tF e W gtolBe & AP
Ao 2 o] et distutils = ©] AR E thFS HH o2 A o %j%}?}‘/lﬂ} | & S0, a0l =

chet 2e Ashd Yoz ojod & Y&yt

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

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

o] 22 oA FH A Wt distutils AF-E-AF= distutils 7} S RF2 A & 3oyl WojoF gy th

ol Aoz WES Y, o] & AL Al /A ol Y&t
A% AEAE HE RES AX 5T A2 Zolx, thee AW

’python setup.py install

BE BAE £ A4S A F Gt T, o 9 AT Th

’python setup.py sdist

ool ule}, 27} 3t L ax uj ol Z3He| of S Th; o] ZY-S MANTIFEST. in 3U-S £3] 435 Ut
ZFA| & W82 manifest & 23 Al 2.

LArM|ZAAZROE AT @, #e] A= vhol g M 2% vhE 5 A5y Th S;Eol whet, o] & 91 5)
e Wy = 3}4— g4 Qs

o

python setup.py bdist_rpm
python setup.py bdist_dumb
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25 A5 9A C C++ A Wl E35]7]

o] 7ol Al = Microsoft Visual C++5 AH§3te] Tlo]dl § A= ¢ &4 R ES W& WS ek 41
shaz, o] &g 50 A Ao thet Bk A v HHE Al gy th AW A= vtol W S
Heste e e 95 220 Y2 A9 Bl e der e d ¢ s o
Edlo] Alztel & o] Yl e 22 RFoA {8t

BE AAE g 52 LEsked o] A dolA A stke A thAl distutils 2 A S AFEShe 2ol ¥
SUTh gtol S A Eske o AMSE C A3 2 7F o] A 8] F 2 3t} 25 Microsoft Visual C++ 9 U T
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ZE ehol Hele) 2 AH§BHE AL import spam$ AHSSHE 2B MG F UL ol &
P A S FHzel), el el
from spam import *9}u HZEUTH BEe] BAES BEY]

ko

2.5.3 DLL& A A| 2 A}8-3}7]

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

AE oA DLLZ 9H= o, pythonXY.libE ® A A3 oF Ut = 7§<] DLL, spam 3% (spam o]
A CHTEAE ) niE YESHY, T3 HH 2 AHEE = dsUTh

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

A AR HEe A A Y-S BEYS YT spam.obi, spam.dll @ spam.lib. Spam.dl11< 3}o]
A 4= (748 pyArg._ ParseTup ()5 XA AR pythonxY. lib Yol Fo]M I =E FHe=
P 2T YTk

F A RS ni.d11(ZE AL Lob) et . 1ib) S WS AF Y th spam 7} ho] il AF shdof A H g3
F5E e U 2T S

EEAEAE X HOlEE HEWA = 54T OE EEGlold 23 o] AEaE & + A 3t
2, void _declspec (dllexport) initspam(void) Y PyObject _declspec (dllexport)

*NiGetSpamData (void) A8 _declspec (dllexport) 2tal A A& of ]t}

Developer Studio+= /\]Zﬂi oot A 2 W2 JXE golH & dA YA A8 g ¢k 100KE
Z7FHth o) AES A AW, 22 A E ’§7§§ EHQ} A2V 2 %5 ignore default librariesZ 2] 2 3H 4 A Q..
=uE msvcrtxx 1ibE ol B g 5o 74 Al L
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B3 o] 28 A-8-3h A Th o QE|s o] Ak
2P AR AT AQUT. o) AL Al

#define PY_SSIZE_T_ CLEAN
#include <Python.h>

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

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

}

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

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

if (Py_FinalizeEx () < 0) {

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

St ARE AEZE A & 7] 95l
' , 3tol A Qe Z 8]l = Py_Initialize ()
=399 sold ~adEA} APH . 29 0L

E%E?ﬂ;il%ﬂgﬂuﬂ—”ﬂiilﬂﬂHL%l

Py_SetProgramName () 6]—‘/[\“15 stol HEY 2ol
Py_Initialize ) 5 ﬁ
2 Z2713}5 a1, 3‘}3}

Ads
Py_FinalizeEx () &&0°] Q=

g
rl?LU

H
WAIHES thE (ot HAE A7) 749, 9bd & vl olHu o] ) ol A 7R & 5= 5 U T
oA stold F=ES d= 21L& PyRun_SimpleFile () 5 ARG o && 4 e, W2 g
e et d Y8 S 2Ests HARES DolsUTh
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o] Aol A= stoj oA C= HlolH & W&at= Yy I Nt 2 o] Bl & W &ste Wyl #sli A<=
AetA efsyth =T, Fxo] 2ukE ARgF ol Bl E the e A= oldll sl St 78U o2 et
SHSJAHzHE A= A theA] Fornz, ojd FolAq 2R HHE 2T 5 sy

AR 22 29e st d Aa el it T8 AWE AL SHR G ) 1520 odE
o] 2ol Tet Aol A9l o], ol A B Z el E & o) 2 A o)A} A q AT A8 HA bt (5HA B
the Aol A upd 2SI oh.

dold 23 EdA Ao H P48 Adsle EE BT e

#define PY_SSIZE_T_ CLEAN
#include <Python.h>

int

main (int argc, char *argv[])

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

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

return 1;

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

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

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

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

(F= soTA ol A
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(o1 sl o] A A A%)

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] AL argv(1] S AHEte] sholwl 2TYES 2 E3T, argv (2] A FHE F4E TE A
A A= argy Wl @Y F2 FEYUth o Y o d s

=4
2292 @J}owam EEE NGRS
=5 43

=K 1Yt} o] =
callol2tal BFAI T, &3} 22 vho] W 251 )3 3= o] AF 3 T}

def multiply(a,b):

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

c=c¢c +Db

return c

a3 i oh2t Zokok gyt

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

meau] 75T A4ge 2 Wol AT, tfRE I=x 5o AT C Aole] HlolE WA e KB
e AU Tl d 43 A FrlRe REe oA AAgn

Py_Initialize();

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

EHZEHE 7|3} &, AT PEEPyImport_Import () & ARE3le] 2= Ut} o] &
o)W EAHE = _:Ci:r’-‘&]-ttﬂ, PyUnicode_FromString () Eﬂ O] E] Y3t £ES AFR3to]

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

if (pFunc && PyCallable_Check (pFunc)) {

t
Py_XDECREF (pFunc) ;

G 2ITHEZL =W, 92| 7F 2 9= o] 5©] PyObject _ GetAttrStringo%A}%‘M A4
Uth o] 5ol £k, whstE AX 7t FejE ol |, 22 o] ekl HAFA Mg 4 s uth 1
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e ZEIYL AR RELS AW PP ow PYF] APtk T T Tl A T4 EEL

o] @A o %ol }:

pValue = PyObject_CallObject (pFunc, pArgs);

i

AF7A WAE shol A Qe Ll E = o) Ze) A o 4 AR 9 7)o QAT 5 Q%L Tk Thol 4 API
EUAA AHzANE BAgonA o1 AS HETT. 5 WA AL 5 E 22 adol s
Agse 2oz g ch BsA S, 184 YA s SUTh A S§ ZE Ao
sholml JIE Tl B & A FAThE AL dolmel AL, oA, $8 T2 IUL An FHe] Hgoz
Zh5), Ak ol W A2 A4S AN Fol Mol A SRR AM AT S YES QD HEE
A4S AA 2. oS B

static int numargs=0;

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

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

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

bi

static PyObject*
PyInit_emb (void)

return PyModule_Create (&EmbModule) ;

EEmain() 5 HlZ Yol YA . T3 Py _Tnitialize () o )3t & Hof o} F
ﬁ‘ﬁﬁ}*&/\]ii

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

o] F &2 numargs H4E 271388131, emb . numargs () & WEH dho] A JAE|Z B 7 AN 2T
T AEF UEYTh ol S 8, gtol M ATHEE A 22 AYS AT 5 AF UL

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

AA S8 ZE2IAPANA], o] BHE S8 ZE I APIE Fho| R ol =ZFTh
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3.1.5 C++ 2 3lo]# Y73} 7]

Sho] g Cor 2T AT A /ST o] A o] o RA FAH A5 A H Cre A 2T
A Aol gl 5 UTh AMAOR CrrE M 22 19 RS, Crr AL e & AF8 5]
22298 7oA P25 of T Th Crr ASoto] shol 1l A7 thAl AorAT Aot geth

316 92 Ad A2 A Pskelsh P =5h)
spol A 2B & &8 2ol YRS Hsl Aopde (e FA) ol AT SHLE = Aol &
RSAL R UTE S8, 53] ol Wo] AAolA F2H CEA F(.s0 ) 02 FAH ol B
el RES 2EdfoF sy Wi dyth
o3t Ande| A SYaE oy, Ax date] B E YA H pythonX. Y-config AT HE
£ 298 4 YUt (pythond—config ATYER AE 458 4 A5 Th. of 22 Eol = of
Aol e, thEd 2L AEL o] A 03274?4‘43}:

* pythonX.Y-config --cflags+ ALY T ujY A3 A1 E AT}

$ /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 —-1ldflags —-—embed will give you the recommended flags when linking:

$ /opt/bin/python3.1l1-config --1dflags —-embed
-L/opt/lib/python3.11/config-3.11-x86_64-linux—-gnu -L/opt/lib -lpython3.11 -
—lpthread -1dl -lutil -1m

B3 018 shola A7) 29] (53] A28 shol At o] d 2] 4 4 AT sfol 4l ko)) £k 9| 5He
H, 99 de} Zo] pythonX.Y-config? AU A2 & A3l Zlo] EH5 YT

o] @ﬂﬂ@ﬂ—i—%-ﬂ'ﬂé 57 k=T (RE Y2 A4 2

S0t ST, W B e BT, 54 90 we

Makeflle»]—(j_—&x]a zto 3 sysconfig. g makefile_filename () & ]—% ]—/,;]/\]_‘?_)5(5‘T ?:_1
£4E AN T ol syzcontio L el el AL 7 2 me ey PA o m
F2He o S8 w ot o2

>>> import sysconfig

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

>>> gysconfig.get_config_var ('LINKFORSHARED'")

'-Xlinker -export-dynamic'
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Skl
>>> 5} Adof 7|2 vhol 2 E QB ZEHo Aty oz AP E 5 gl I oM A
Eae]
T A5yt
o3 22 s v S st
s 527" IE B5] IEEJHT W, L ol FE TEAZE, UEE, FED) O
FEE 99 3 7| vpo| W ZELE.

e Ellipsis W& A<,
3
O~

2103 5404 25 =8 3fo] 43
EgE gAsA AT 5 2

2to3 & ET gol B oA 1ib2to3 E AFH UL SHH R AYPT = 2THEE
Tools/scripts/2to3 & A& F Ut} 2to3-reference & H A K.

abstract base class (34 W|o]| A Ze|A) FA W o]~ FdA2Ehasattr () 22}
A v EeA A (g 5 UH’“ HAE) A5, A o] A5 Ho 3= g
9 Ebo]E S Heghth ABC“ 7 AMBE ZHAE EYste, SHAE ASEA FoHA
X isinstance () @ issubclass () o] 93] ZAE & Jd+= Fd2&
£ HAS. E}OM‘iOﬂt ‘3%’3 H]%PABC—O] mete = o 477’0 AE°] A
)

rr
éé fu
r{n:
o
=
fol
riot
ox
o
ot
v
v

2T (importlib.abc 2E|A]). abc RES AR5 A] Z} H ABCE W& & 5 UYth
annotation (o] - El|o] ) FFol wlel 3 I E T ALESHE= Wy, FU2oEZHE &
L RkS g A2 9 glol 8yt
21 H9] o] mH| o] 2 A ¥ A Zhof] BAM AT 4~ oqxl‘j]' Z‘ﬂﬁ Ay, A S L 49 ol
HolAd2 27 &, Fd2, 42 __annotations__ EF o]EZ|HE xix Huth

See variable annotation, function annotation, PEP 484 and PEP 526, which describe this functionality. Also
see annotations-howto for best practices on working with annotations.

argument (7)) 48 TEY ) T4 (B A S) 2 DDA E gL T R QA Ak
o 719 = AR} (keyword argument): T = wf] A FE X7} of] B2 AR} (o] & E0], name=) E&

% 2 okof| 2 o] _I/qL-]a]E;qﬂ-Q‘—O]x} 01] Eo], t}& 3 2L complex () Egoﬂ/ﬂ3»}
5 BEF 719 E dAY Yt

rr
%
+
2
)
24
>

complex (real=3, imag=>5)
complex (**{'real': 3, 'imag': 5})
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o 9 ] QR} (positional argument): 7]
HeAY olE e E o gl * &
e e TS

_& j&d
rO
>
N
—-
o
—
[
0,
N

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

ARH= G4 whE 9 o § 22 A Aol thAF Utk of thgfel B85 F 4S50 tha A calls
g AL BHA0E, o BB AR AHEE 5 dFUTh T geol A< ol

EEEISE
Lo 7Y v 7 w4 2T FAQ A& 218} v 7 ¥i4=2] x}o] 2} PEP 3625 KA 8.

asynchronous context manager (]2 7] YA E #Ae]x}) _ aenter_ () &__aexit_ () HAEEH
o2 M async with &l A EO]% 7L Alost= A PEP 4922 =95 9 S =t}

asynchronous generator (W5 7] AU el o]e]) 1] 7] A Lie o)) ol e o] 6] & ¥ T §4. async
def 2 9| ¥ & TR P4 A ol L, async for FE LT 4 Uk AR FEE B
St yield BUAE ERUTHE ol thEYTh
HE WS/ AV E §5F el AR, o ¥ RH oA %] AU dolE o Hd ol &
ARGt o =5t o u7h HEsA ke B9, BT oI A BETS GAUTh

_/;\_

v 5 7] Al dolE St await @A asyne for 3} asyne with B2 2888 5 9%

ek

asynchronous generator iterator (W] 7] A& o] €] o]g]d|o]¥]) v]= 7] A& o] g T7 wte = A A,
H)5 7] ol #lo] 8 QA __anext__ () & E&3tW oSllolHE AAE FHF, o] AL T
yield A4 747 W57 AV o8 &9 ]S Aq g,
Zyields QAALE A E ST, 29 (A A4EH 7] 5 ry-FES EFoE)
A AEE 719 UTh b5 7] Al deld o8 o] 8 7} _anext__ () 7t EHF = E Y
olglolHEE AMFH, Wt o7 Bt PEP 4929} PEP 5255 K A Q.

asynchronous iterable (B]£ 7] o]€]2] &) async for ZoA AF2E = U+ AA. __aiter_ () WA

Exe sl olEdolH & S8 F ok g th PEP 492 & == 55Ut

asynchronous iterator (8] 5 7] oJe]#|o]E]) __aiter_ () & _ _anext_ () WA EE Fds= AA.

__anext_ E=ogolHE AAE S FHoF gt} async forE StopAsyncIteration o9
7} iy g EﬂVﬂ'X] H]-5 7] ]Eifﬂ °olH ¢ __anext_ () MINE7} EElF = ol HES FUTh

PEP 4922 % 5 95U th

attribute (6] E 2] H-E) A value associated with an object which is usually referenced by name using dotted ex-
pressions. For example, if an object o has an attribute a it would be referenced as o.a.

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] 9 o]E] &) await EAA | AHEE = = AA. I FE o]y _await_ () HIAE=E 71X
AA7FE 4 A5 UTh PEP 4925 B A 2.

BDFL Z#}8] 28 &4l =] %} (Benevolent Dictator For Life), < Guido van Rossum, 3} 0] % 2] A A},

binary file (v}o]v 2] 3}) vlo] ELF A 52 11 & 5 A= 9t A A vtolv g 5t 9 o 2 &= vlo]
HEl B ('rb', 'wb' X 'rb+') 2 €8 3}Y, sys.stdin.buffer, sys.stdout .buffer,
io.BytesIO @} gzip. G21pFlle.4 A‘?ji%%—’,\— Q< t}

str AAE Q3 2 5 Qi 9 AR A HAE 5 ® FEA L

V’i

borrowed reference 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 srong reference to the object and so destroy it.
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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 € F ZAA)]) bufferobjects & AP35t C-A%5 M E AAFTE T4
FE memoryview AAEL EE9|1 bytes, bytearray, array.array =
ol EG R/ AR 52 vtol g HlolE & thF+ o8 7HA] dabsol A
dholue] Hm A, A4S FI A% 22 ATl A5U T
o AsbE2 vtolv e HolH 7t 7t A Y 87 st od Aol ABAe TF5 “al-
2] ol E A% A ehT EAYLITE /4 15 AA 9] o] 21 bytearray 9 bytearray
w7} I Th OhE AAES ol e tlolEl 7t 2 A (7] A8 o= AR
8 F3Urch; oA AE9 9 Z2+= bytes® bytes AA| 2 memoryview 7}

LN
P
30
)3
A
¥
o2

i)

memoryvie
AA) ] AZHA=S 8
Asyth

bytecode (H}o]E F &) T}o] £ A FE=Hlo|E FE g A 3}YE =1, CPython 21 E] = 2] E] o] A] 5}o] A
Z2IH YR 2HPUTE vlo|E I =+ .pyc 3t A FHof, 22 LS F AR AW uf
o #@ep A A RS U TH(A2o A vlo]E =R AL 5T ¢ Y5 Unh. o] “F1H A" =
Zhutol E I = o k= 71 AE Aot M 77 ol A Ay E ki T th blolE I ==
A &2 ohE Ttol A ZHE 71 Al el A A A2 7t ek A =, ho] A w2 Thol| QFA A o] A = otk
Zlol & 35) oF .

Hlo|E 2= Welolse] 25 dis LE ABA G Ug U

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

callable (argumentl, argument2, ...)

A function, and by extension a method, is a callable. An instance of a class that implementsthe __call__ ()
method is also a callable.

callback (%)) QAE A= mgfe ojv A

i)
=2
>
>,
o
i}
>
|z
—{ru
uu
u
5

class variable (28] 2 ¥4 Z %)
Aot s = d

A
T.
coercion (Z. o] A) Z& 39

T AAE pubste Aite]l ojubs oL S H A~HAE TR PO 7
SAA g HEsh= A ol & 59, int (3.15) £ A E A 382 WAL ARk 344.5
oA, 2k AAF= THE & o] 31 (Bhih int, THE SFub= float), & Tl 8H7] Aol 22 P o2 Whs] of
FuUrh 284 oW TypeErrors G2 Uth ZojAd glols, T8dH = A= 220
7t 2e Por Aatsts ook FUth ol S E0f, 1 3+4.5 3k thAl float (3) +4.5
complex number (¥-457) 9} 53 A A2 0] S, RE A Ap R s or Y
HUth defe Aol sl I (19 AFHE w3 AdH, $F s i, TN =
JZ %71FUth Sto]lf & T2 7IH S 25 HEASE 7|2 ALFUL d5RE 5 JuAE
oA 271 Uth & 01, 3+13. math BE] H4 4 W o] 83, cmathE AHE T
E450 829 £F L $A 759Ut o5ttt w72 ZEthE, A9 FA 3] FA|
A FH5uTh
context manager (Y2 E A2 A} __enter_ () 2F__exit_ () MIANEZE AT S22 H with &2l

A Holx 84S Ao]st= M. PEP 34322 % 9l 95t

) A 2Eo w2t & 3t 7HE 5 e Wi o
7 AYe-24 AF48) v

g2E7F e 5 den A
A

Ut} contextvars

context variable (A&l A E ¥
Hol sl oh 2 B
F3ll, etuhe] A3 A =0
H5 7] Bl a3 A A& S 3= =

contiguous (%) W= 23] C-A <5 (C-contiguous) ©) A} ZE & A% (Fortran contiguous) d ™ <5 0]
g AAZ UL Y WA= CASoHA TES ALY A oA, F5
A &2l JIF B, 00| A Al &ets L 52k Qa2 AT 2 v & 2] o] vl x| =] of oF gt} thAtd
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o olE st g

o

W3

e

coroutine (Z+9) I FH 2 HE F/H o drbshd P d Uk A ERE2 3 A Hofl A At &
XV“ﬂ/ﬂ gt & 0%’4 e ARl A A ek, 225, AN AU Th o A

=2 async de f—E—RE——[’-L‘Q 9l Ut PEP 4925 | 1

nc def—r—Oiﬂ-/]g
t}. o] AE-S PEP 492

=

[e]

coroutine function (Z 58l g4) T FE AA S EF =S5 IFH T4 =45

4= 31, await &} async for®async with 7]—.45

ol €] = 1% 913 U o
CPython 3}o| % _LE‘ZEHUO Ao o] #4273 b, python.orgo| A ¥ - Yt} o] 332 Jython o]}

Ha g7t ‘% EH &-©] “CPython” o] AF-8-F Y th
decorator (t] 3.2 0151) =i HEe ], B8 @urapper = A S 3 WSS
AgH Ul g2 o]H ] &3t o= classmethod () ¥ staticmethod () YUY}
H

ol e B vA A BHY LYYk B2 F T4 A= v o= FEFIh

m{m
Fl
ol
ok
4
;94
xfy
AW

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

@staticmethod
def f (arg):

2ol E SR 3HA T @ Ak 29Ut dl Z o] ¥ o tf & t] ApA S &2 T

29 g Ady 125“49‘4‘:}

descriptor (] 23 HE]) WA= __get_ () o]y} _set_ () o]y __delete_ () &
FH2AEYFENYA2THEH L, JEFE 23| = 58 A2 #8S 4oyt 2,

ab® AAY, 2AY, Al etE A8 S ), a9 Fei GAU oA b BT o5 B AAE
A5Uth AR b7 eI RE Y, A gsle daa g A= T2 U HaaHE S
o33k AL Tholwol] that 22 olae] A ol 4>W&94i4%aﬂéﬂHC¢ﬂW

HAS, 73 SR T2 T B2 75 72 E o )F A Q7w EdYh
23 HE o W A=Eof of 3k AFA| 3F Y& descriptors L T] 2 3 E] AR R A of] U3y T}

ln“

dictionary (944 2]) 9499 7]1& kol 52171 A& w & (associative array). 7]+ __hash__ () <}
_eq_ () QAEE ZERE AANTE S Q5ULE oA A S EE YT

dictionary comprehension (5 42| A= A) olEHE = 84 AAY dHEE A3t d34E
go g E vtEst= 7H43 Y. results = {n: n ** 2 for n in range (10)}<

= 8
Fn *x 20| Wl H 7] ng 233= 9 EE AT th comprehensions-& F2 3 Al S
dictionary v1ew (G AHe H) dict
Zﬂ =< _I}\:]L_}E] ‘I'I"‘j/]'J—- “'T]‘%‘

el 7hiAdE o, {71 o] W3
list (dictview) & AFE3

eys(),dict.values(),dict.items () WA E7} EEFT+= 2

o] AEZ ‘”‘4‘43] FESo et FA QA FE Ak, —,/*‘1
Mg Sithe QU 9A e BE 9% o At R B
Utk dct -views S H A8

AR A ERA 0T e 249 28, 2927 29
A= of Fo o Feh 2, B, RES _doc__o]EHER
soone, Ao AUAE AT FEAA Fadvh

23
%7}%1% A A= Eﬂl AA S B= 1 R AEZEH%‘
H e
Be

EﬂL
Lﬂtlﬂ mkﬂmlm—gw

docstring (S 2E ) Fe, g4 2
o= FAIE AR A o] o
Lﬂﬁqr/} QEZAFHAMNES &3

duck-typing (4] €0]g) Zn}l2 IEH o=
28d; A, &3] HA = o] E g
suchE, 1AL etk S4E ¥ A ﬂJ
A A g sgFozN FALS N 5 %%HE}. =] E}Ol* 2 type () ©]t}isinstance ()
= A& HARE S T (SHAI R 9 EFolsg o] 4wl o] &~ QEH/\EE%}%_/,: 9) S0l -] 3| oF
shuth) tjAlof], hasattr () AANW EAFP 22 18-S & Uth

::1
>~
_,_,

EAFP 3 =R ttE= 84 & 1317] 71 4 t} (Easier to ask for forgiveness than permission). ©] £3] 2 4~ &
sl 2 AT S, SULE A1 ol EelWES £AF /Ao, 1 g0l BelE o9l & F
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Uth o] 23 st w2 2edL B2 trySexcept £ EAZ EFJ A FH Yt} o] HZ

o} e b2 Be o] oA A3 AHGE £ LBYL e ot o u]H U ok
expression (Xd42]) ojH o=z ;oﬁg 9L =
AE ASIFE Al BUT, B8 3
A

1Z
rlo
@)

&g ff— Y A H

extension module (&3 2 &) C U C++2 ZAH B EQlH|, 5}o] A 2] C APIE A3 A] Al o] L} AFR- A}
FE} AT A&y

f-string (f-EA}F) '£' U 'F' & g B FAE FYHEES &3] “f-wA g ol 2, 2 W
Bape 2B 2 o] 299U PEP 498 < A S

file object (3} ZAA]|) sH AFd ol i3l 3} L A FA API(read () Ywrite () Z2HMAES)E EHUW
= AA. Do ol mpel, 3 ARl = AA Ya3 A st olu e A AU FAl A
(°‘ﬂa o, 2 Y=Y, Ad-HEY W H, &, gto]=, T5) ol et AMAE FAT = A5t

3 AR = oY F A ] (file-like objects)\} 2~E & (streams) ©| 2} 1= & H 1]t}

A 2 A 27 5D AAS o] U Th D raw) Ho] V2] 5He, W S (buffered) 1ho] 1 2] 5+,
g2E 5 o] Bo] Aol 2t o BENA ZY BT A ARE BEL U PP L
open () T4 225 AT
=

file-like object (3} Z4A]) s+ 24| & v e L.

filesystem encoding and error handler Encoding and error handler used by Python to decode bytes from the op-
erating 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.

The filesystem encoding and error handler are configured at Python startup by the PyConfig_Read () func-
tion: see filesystem_encodingand filesystem_errors members of PyConfig.

See also the locale encoding.
finder (s}eIt)) QEEH RES A% =0 & oD Amahe A4,

o)l 33. o]& 8, F 279 3 f 7}t 95Ut sys.meta_path & 7 AL sH= HEF A=
Q1 2} sys.path_hooks 3 @A AHEst= 4 =2 A E 2] 5kl .

o] &AM 3 22 PEP 302, PEP 420, PEP 451 of] U8t}

floor division(%* YxA) 7H 77k A2 Wl eke 5 U4l
& o], ¥4 11 // 49 g2 27t H A A5 A2 2.75
7}-2.758 W9 & -30] Foll FoJsloF Ittt PEP 2385 H A 8.

function (8) &AM A oW & EHFE °‘ﬁ«l EFE. AU 2 o)L oz 7 AGE = =
o], vty o] Ao AFgE 4= syt v 7] ¥ oF A = &} function A A= HA S

function annotation (g4~ o] - H| o] A) &4 o 7| H 5} vkS) 2H9] o] g o] A

mlm 0>4
m}ﬂ >

Al AAAb= /7 T
HE YTk (-11) // 4

@ oo de WAooz 3 A 2 A8 YTk o & Sol, o F4E T A9 int ARE
‘:“OPEO”*OE 71 = a1, F Al int ¥ ks & 2o R 7]¢H%M‘?‘r:
def sum_two_numbers(a: int, b: int) -> int:

return a + b

S o mH| o] A 22 function ol A A g Tk

See variable annotation and PEP 484, which describe this functionality. Also see annotations-howto for best
practices on working with annotations.

__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

7
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__future__ module documents the possible values of feature. By importing this module and evaluating its
variables, you can see when a new feature was first added to the language and when it will (or did) become the

default:
>>> import __ future_
>>> _ future__ .division
_Feature((2, 2, 0, 'alpha', 2), (3, 0, 0, 'alpha', 0), 8192)
garbage collection (7101 7] 7)) €] A5 A b= o 218 3o 2 st 94 273}

uhg We Fz

F2 58S AL ZE F JE 8 /A F=A7E 53 /A A4S 3T 7ha) A
F77]€ gc ¢v‘§r§ AFEEA Ao & 4= QlH Ut

generator (AU & o] &) | & o] E Nﬂﬁﬂ olH & B I g Wt gAY Boled, 49 e
= U vyield 58845 2@3th= Ao] thgUth o] EL for-FZE AR 8 A U next ()
T";"“i st ol b A = S5 UTh
BE A ol g5 7e 71 A e
S o v 7t W &R 42 A=,

i
ra
Ao
JE:
_I_4

rr
N
_\Z

olFf o]E# ol £ 7t Ytk o=

generator iterator (] U] @] o] €] o]g]@|o]E]) A g o] ¥ sl-z,\_ 7} wl=

Zyields QA Ao A2)E FehaL, 19 A9 (A
A% el 7 el g ok Ay el ol ol Elel ol gl 7} A A=
A2 A 2Fahs g4 o) o u) g U o,

for A} A P is Ao Fo] B AN BA4) 4F BTk A3t B4

A% e S wEo WU Th

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

generic function (AU 8] §) 22 A4S A2 v Fsdd del 7T o8 Tz 748 . 22
A

uf o] | 7 o] AHEE A=t x] gl o] A8 F Uth
At 2]z €018 %3} functools.singledispatch () Bl 22| o2} PEP 4435 H A Q.

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

For more details, see generic alias types, PEP 483, PEP 484, PEP 585, and the t yping module.
GIL A olgjzZeglE = 2 HAL

global interpreter lock (A< QlE]Z2|E] &) I ol 2 7] 3}}e] A =7) upo] nlo]E = & A 33}
S5 ®HAs7] 9138 CPython A ¥ Z 2] ¥ 7} /\}30}L HAUE. (dict} 2583 ‘ﬂ%‘ﬁé%% x
6‘3} ) A o] FA|H o7 FA] HA| 20 o3l ¢+ L= F TS o] A CPython —TL?‘;% <=5
Ut Iz AAE F 1 A2 JAHZYHE v 2ad 387 A e+ 4l ve

=2 AN AAZ AT B4 B SRS S A Th

However, some extension modules, either standard or third-party, are designed so as to release the GIL when
doing computationally intensive tasks such as compression or hashing. Also, the GIL is always released when

doing I/0.
(AR Y uA A - dlolHE F1e)“adg = Z}-n—i—'—(free threaded)” JEZEHE HEILA}
3= 1}7191 LE2dFHolA XYl T dd T2 MM F A A A WY
Urth o] 45 ol E FES= A2 FdS X E5HA v 01/‘1 TI‘Z] ]3‘0] =] to{é‘ Aog
o AR a1 01 ST

hash-based pyc (] A] 7|9t pyc) FE3S FB37] A8 TG & 5L HF 54 A Zbe] obd A&
AH8-5h= o]l E 7= 7fA] 5. pyc-invalidation2 &2 5HA| &

hashable (| A] 7}5) A 7} 44 1 gho] WA b= A g2 2831 (__hash__ () I =7 B 83
oh, & AA vl E 7 JO0WH (__eq () WIAEZFZ AT, siA| 7} strhar rych &
ohal B2 H = A 7s e A A E 9] S Al g2 Zotof st
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M
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7 AUl 7y e Wz ALg e 5 A k=, o] AR LR E 9

Aoz A g AHE3H7] Wl Ed Tk

E gpol el 2 Y AAEL A 75Ut (BlaEYH ‘ﬂﬁﬂﬂ 2oy 7k Aol gL
52 11%frozenset o) B Aol EL 159 2450 3| 7t gk

Al 7MY ok F"L 2] Zefae] A" AAEL 1%3.°E3H/\l 7Fegyth (A7)

A0S AL Bl E) BF 2 g v 2E 3, A G2 id () 2 FE e Ych

IDLE An Integrated Development and Learning Environment for Python. idle is a basic editor and interpreter
environment which ships with the standard distribution of Python.

immutable (E¥) 7 A4 72 2= AA. 29 AA) = o2 2429, 52 . =
WA 4 UGITh A 8 A A AAE ol oF ST ek B A el ook
i ol A ER e AT BT ol & Sol, 9A L ele] 7]
import path () 3 73‘ 2) A% 7|uk 5oy 7k o B
OﬂEE]) I;L_ ]__‘:Eo]- o] ZF .
7149) B9 BT AANAY _path__ ol S REZHE & 4% Yk

importing (¥ %) & 25| vjo|d TE7} )2 B 5 o]
mmmawua> 52 R7E 31 2E S E %ﬂh%%ﬂﬂﬂﬂﬂﬂﬂ

J=tl, JEzeE 252
Sy 012}%;10]‘% Al p
A8 (57 E Q] 5o ol A i%"}%ﬁEﬂ%%‘—’F A=UTh. A okeltiol & A
HZAE SAvtE & v A H T BH AU (help (x) & 7] 8HAIR).

interpreted (JIE] ZE|E] =) Hlo]E T & oA o] A wfZoll I o] S35 A]7]
< A9d A7t obet AB Z 2 H o] Juth o] 2L YA H o2 AY 5t
/\/\_1].0102179) /\1611‘6;1— c}%%g}qu} JzgIfol &Y AHs] AP
Zelg Aol BF B2 w4 £718 25 dth b5k
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pAY
o
i
ul

)
2 AYPE = main BEOIVAIHEVAYPS E

A=
%] AA. ol HEY JrzE= B (list, str,
tuple 7&% /*l A2 Y5, dict Z2 2R U A2 FE, 91 A5, _iter () Y AA=
o

e 2eas AR T

clelelEe for R0l 148§ A AASBALE S 8 B X 2iv). mar 0,
A A8 5 s lH g A7 U T

£ gegyth o olHH olE & kel A3
W, HEL iter () & BFHA, o elelolE AA S 4
2 OB g AN A o2 o, $2E i 59t olE]
5

sz T} o Bl ol &), Al o, A H ol ] = B8

iterator (°]E] & o] €]) ti o] 194 2EYS 5983t A olEH olE]9] __next_ () HIAEE WHEAH S

ESESH (Ee ‘41 } & next () 2 AGeH) 2EH &= EJ%%QX}Eﬂtﬂii?ﬂ Yt ¢

o]Are] HiolE 7 g2 w= ﬂ]/\] StopIteratlon C‘ﬂﬂ S dogyrtt o] AHfA, o # o]E A

A= 2351, 0]—,—./] __next_ () HIAEZE ?_ StopIteration 92 & thA] 427 7]“&

gk olHdE ol H = °]E1 g o] e A Z}LE EHFE_iter. () FINEE7HE Zio] 2557

ufj Zof], ol B &l o] ¥ = o] Bl 2] & 0] 7| = sl th & O]Eir’ﬁ B2 dotEole Y oA AHE-E

T AFULE T8 o= o] He oJH Y o] AE A EstE ZEYYTh (1ist Z-2) ZH oY

7“14]1_ iter () ¥R ADstAY for FZ o AHRE wfjuitt A o]HH o] H & WY th o] "

Ag ole g ool thall A et L ot d, At o] #| o] Mol ALEH o] ] &AZH o]HH o HE
S F A, W HH YA | Kol A vhE 1/]1:}

typeiter o] T ZpA] 8 Y& 0] 9l Th

i

(
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CPython -3 A} A]: CPython does not consistently apply the requirement that an iterator define
__iter_ ().

g o] A (collation) S+ A & (sorting) ©] L} ¥l & (ordering) o] AH-&-=

key functlon 7] &) 7 g =
1Yt} o] & £0], locale.strxfrm() < Z2A Y EF YA S WE+=
t}.

S gE B Ly ene
A 718 B o A4S
ol W B =77 QA5 0] oA A A oA Fol=AE Alofstr] 35l 7] F4E whot
EY9Uth o]d AEd+=min(), max (), sorted(), list.sort (), heapg.merge (), heapq.
nsmallest (), heapq.nlargest (), itertools.groupby () ©] UF5Yc}

[n LLFIF

7l drE vtE=gl= oy ol JAFULE o & E9], str.lower () HAEE Ao ZTE Qe
AEE A7 42 AHEE S stk i o=, 7] e lambda @QQE s =
%%tﬂ, ol&] Al durth: lambda r: (r[0], r[2]). 3k operator BE-2 Al ¢ 7] &4
AAAE AlFd Yt attrgetter (), itemgetter (), methodcaller (). 7] &4E HET

AH8-3F= ol t) 3k o]l & Sorting HOW TO S H A &
keyword argument (7] 9] & Q12}) <A} & B A Q.
lambda (&t} 22 uf gto] T AL e 34 02 TAH o] 2 gl 9t T Fr AL E
A= WL lambda [parameters]: expression YUYt}
LBYL % 7] A oj X 2} (Look before you leap). ©] T AEFAL T Z o)L} 23] 2 317] Aol YA H o2 A}LA
AAFEU T o] 2B S FAFP AW 3 ol 31, B if 2o 2A)2 57470l ALk
| = 270l A, LBYL 22 “H 7|79 “H 7] 2ol A 2705 WA 2 Al s
E90],FE if key in mapping: return mapplng[key] = AAF 3o, 3R 23]
ofl, th& 2 E7} keyE mapping| A Al AstH Asf g 5+ JJF Y h O]E* o] 9t % ©| 1 EAFP
SHS Ao EN S AE 5 st
locale encoding On Unix, it is the encoding of the LC_CTYPE locale. It can be set with locale.
setlocale(locale.LC_CTYPE, new_locale).

rlr

p=
fus

=
HEE
Fal

On Windows, it is the ANSI code page (ex: cp1252).
locale.getpreferredencoding (False) can be used to get the locale encoding.

Python uses the filesystem encoding and error handler to convert between Unicode filenames and bytes file-
names.

list (B|2E) WA sto] A A, T o]Fox B3, Ao st M 27F0) o] 7] wfZell, A2
2] 2 E (linked list) 2. Th= t}2 A o] o] v & 3} AU T}

list comprehensnon EFl2E Pz A) A2 A5 AR = dRE A3ty 1 2d9E gaER
S FE 7FZ3 . result = ['{:#04x}"'. format( ) for x in range(256) if x

5 2 — 0] 0014 255 Abo]o] 9= B4 E2] 1604 (0x.) 5L FFate BAL P2=g
BEUT if 4L AR 4 5 UTh A2, range (256) o Y& BE 247 APy

=2 ru[n
D> 3o mIo

loader (2¢]) EE& E2E 3= AA. load_module () o= 0] E9 HAEE Aot 2=
HE 3}o] ﬂ 7t =8 Ytk AAI S WL PFP 302 &, A d| o]~ F 82~ = importlib.abe.

Loader & HA| 8.
magic method (W] 2 Wl A &) 5 v A = o] u]F4 A Q] w23k

mapping (W] 3) 9499 7] 23S A Y3 Mapping ©] L} MutableMapping 4+ Hl o] A& A
of AAH HAEEE F3HS= Aol AA. o2& dict, collections.defaultdict,

collections.OrderedDict, collections.Counter & 5 4 Y5t

meta path finder (W]E} 2 2 SFQIE]) sys.meta_path o AAlo] Be%t shelc). el 42 shole
A= dl=e sl 9 Bes o 9/1E 5% e
HEl A2 st 7 A= A =S el A= importlib.abc.MetaPathFinder & 2 W
Fuch

¢

metaclass (e} S 2) Fefre] Sehos Fehs Bt Ben o F, Fehx gAY, Mol FHAE
o 528 W T e Fel o A QS Wob Fe2E B r Ade Ay, oy
A AFY T2 Aol EL /8 FHLS AFFTE shol AL SHIA B AL A~
WEl 22 s 4 drks AUt R Ag A AL o] 27 A e AW, et
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5”.:
[>
rlr
ol
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ok
ld
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o
o
:?l_',‘

),

]
o} %

v o

[» o
RN
>

A2FUch oJEHE AN~ & 7] (logging),
2t

1ol 2 2qle] gAY T

Ao
i
52

o
metaclasses o A © Z}AM|SF 8-S 3+

method (WA =) Z2 2 vl Qhof| A A o] =
f

N
o yo M
M Ay oy it oz

= 22 AAE A oEFRHEZMN TEHW,
I HAEE A A A2 (R self gtal E¥TH B A2HA A E wgUth 3 o 5449

27z 5 HAL

method resolution order (W A& 2 A $:4]) WA= 7éxé A= 235l SoF U A5 »
25 =AU 23 2R E sho]d A Z el H o AFSH 52 M S| §-2 The

Python 2.3 Method Resolution Order& 2. Yt}

module (25) Jol ] =9 2134 A1 E BYAE AA. LEL G2 Solt AANES P oIB
B2 25Utk RS JE Aol o5 shol Wl oz 2EP Yok

574 = HA L

module spec (R & A29) R E2 ZEFEH AR E dZE B ARES F11 = o] & F 7L
importlib.machinery.ModuleSpec & QIAH A,

MRO WA= 27 =4 & HAHLQ

time.localtime()-T’»]-os.stat() 7} wi3kel 2kS £35te], ol 3 YAF o] v d = EZd Y}
I & o= sys.float_infodyt}:

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

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

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

True

E&, tupleoA] 4&sta o] F B2 2= E Ao 5=

S ZH e Ao 1 S B Ao ol S A A8 A el o

collections.namedtuple () 2 W& = UdH5U T 3219 7|HL A H ZASA Y WA WA 01‘:
=]

FEoAAE Z2E T e 27 F7HuA =S F7eH7| = Th

namespace (¢]5 3% W57 AGEH = F4 ol I GV E FAF YT AAlo FHE o5
_'7}(‘11]/‘15 o Al) ErEotyet Ao, A, WA o] & Fbo] 5Tk ol & 3 01%%%%
WA REAS ALPUTh o & E9], &5 builtins.open & os. open() L 359 ol
F7roll 95 FEgYTh £, o5 F3 | RE5o] 45 FAF=AE LHA Tsolx

v_‘_‘

[e]
i=] -
7]—5/‘%4—-,-;-%] HEAo 228 Ut o & £9], random.seed () =& ltertools islice(
o 1

randon 3} itertools B &3] 7 g0l BAAAUTH

712 & AMH 7] A 5] AE YR 7] %5 8= PEP 420 ¥ 7] 4.

227
9 QA YE FE 9, 3 _init__.py o] Yonz 7

namespace package (©] S
o]2 Z 7+ I 7 A=
74 b B o
EE T HAS.

nested scope (FHE AT Z) SR HooA HEE FRe= 5. o
qH g2 g JEHmrEES 7&5%‘?
7}—%“33,311%] = 7] o s oF g
FUth v R, A A4E2 A Y o5 3ol A 3L YT nonlocal 2 HFZ A5 o

e A2 BT,

new-style class (5 A€} 2 EH’\) AL ne ZH2 AA o AFRH = U2 HAY oA 9
2. 27]9 FolH HANAE, 23 F2ed FH2v _slots_, 2T HE, ek E,
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getattribute O, ZH2 A=, ~HE HA=9} 22 go]H] AFL Yt 755
S ARE 5 AddFYTh

object (A 3]) ¥l ()= HEY Zh & 23 52 (IAL) o] Folg RE tlolE. we, RE frortd
Sl A gad M. aaag s,

package (3] 7] 2]) A Python module which can contain submodules or recursively, subpackages. Technically, a
package is a Python module with a __path___ attribute.

At w712 2ol 5 S 71 A = BAL.

parameter (W7 ) o5 (= WA E) BY oA F7E bS5 Y= A (e oWl A9 AAS) &
A Q8= o] & 22 AHE. oA S/ Wi 7 5

o A X-71 9 = (positional-or-keyword): $] 2] QA1 A} v} 7] =

Uth o] Zlo] 712 e w7 AUt ol & 501 o

]ru

A4tz ADE 5 gl AAE AR
el

AN A foo 2} bar:

def func(foo, bar=None):

o 1 A]-A & (positional-only): | A Z 7 A 52 5 A= AAE AZFUTH A2 A& i+
B o s S o) ) A S Lo Fo A8 B D AE Lol 15
ol A posonlyl =} posonly2:

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

* 719 =-A-§ (keyword-only): 7]%5 HAlTE o e AAE AU 719 =-28 wi 7R
WA 84 48] o) B 2 B o 4] ol Shks] 7S A s Ak 8 ) 2 E gl A
BT 5 G0t o2 Fol, th ol A kw_only] 2 k_ony2:

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

» ZHA-91 A (var-positional): (FHE THAWSE o] 9|3 A] o] u] WolE ol A 912 ARHE B )
AFD 5 g AX ARE Golo NDAE AAFU o A v i AAS o] Fo
8 ool Bol A 1 5 Ygvinh o1 E Sof T oA args:

def func(*args, **kwargs):

ZPRANE (arkenword (8 A EA 49 o121 LA = AAEA Klsh
e 999 A5 AN A4S A AU o] & THAMSE AR o] Fef
| 014 golg 4 A5t o 2 Sof 919) ollo] A kwargs.

ﬂm@¢%@ﬁ@zx%%°§ﬂ e olU g AElHol AL B4 AREL AR R 5 A%

Q1 =} 30]?,:} &, A xpe} uf /M =2] Zpolof] L2+ FAQ A F, inspect.Parameter S,
function 2, PEP 362% H A 8.

path entry (2 dlEz]) 22 7|0 7ot 7} QEE & RESES 27 8] Bnels ¥ 4= 4o

Shbel B, )

path entry finder (3 2 QI E E]J—]—Jt‘]) sys.path_hooks =
3ol QH, Foldl 4 dEe] 2 RES e Ee 4

AR JEZ Ay Eo] FHEE= A EEL importlib.abe.PathEntryFinder o U314t}

path entry hook (F 2 A E 2] F) sys.path_hook | 2E = EeEUT, 54 4= =2 oA &2
ES WS g drtd 42 dEg oot & 85tk

path based finder (3 2 7|4t 5}Qlt]) 7|3 v} 42 5ot S % s, YEE 4= o BE
%Yt

path-like object (B 2/ A A]) 3L Aladl A2 E el = AA. A27F AA = A2 E YEH = str
Ubytes A o] AL} os.PathLike T2 EF S 3= A YYTh os.Pathlike T2 EF
< A Y3t= AA = os. fspath () FTE ZEH A str Ybytes 3 A28 F22 yishd 5
ngr/} th4l os.fsdecode () 2} os.fsencode () + ZZ str Lt bytes 23E E A=
8= 2 9ok PEP519§C?JQ sy

filo
L
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PEP shol 7140 A% PEPE shol 4 AT FE AT ot EE 222~ e 2
o Shet A= e 7152 BB sk AA EA YU Th PEPE AQHE 750l th et 2 g
2AS AT ek

PEPE= F8 A2 7 5< Altsta 2A o e AFUE 949
AR3E AR ‘3%71%8& 71w A
gt ol A2 2 A S A o] A5y

PEP 1 &=z 34 8.

portion (£ ) PEP 420 o A] % 2] & 214 &, o] F 37k 3 7] A of] e]upA] 3h= shrte] v e ol £o] =
SIS0 A @ip Lol AZEE AT 75T

positional argument ($] 2] ?12}) QI#} £ H A Q.

provisional API (Z+d API) 7 APl= %= gto| B89 I A T84 B4

u] 3ol Mol Sojzk A7
U el A el g 7% 3ka

A, Cleislel a0 2 W o g5 S 9 el 3 AN
ST RO A TR o] FAH A b Mol Yol Qv ad WL B
Ao doj At ke AT — APIE E3et7] Mol 51 o5t 2RA Aol

B ZSoluk Do AUt
APIO AN 2 XS, 37 T34 o] &
H A= sl FA T3S /X

G BF vhol nef el oW A B AR
Yok § A 82 PEP 411€ 28 F 1)

provisional package (24 2] 7] 2]) &4 API & BEA|

Python 3000 (5}0] 4 3000) T}o] % 3.x vl 2}ole] W H (¥ A 39] WjE 7} W u]#)e] o]of7| & A Ao uh
Eol3 o] Folth) °] A& “Py3k” & S0] 27| = Yt

Pythonic (3}o] X t}g) T2 Aol oA dubHQ NP ES AHE3IA ZEE F 3= Al Jo]s A
ojoll A 7} A3 AFEE = oY ‘é—‘é—a ZV7ke] 2=
A AFE 2= olH YL for B& AR A] o] E
Aojol= o)A F 7 A= °l Feonz, golx
AHE3H7 = g o)

2O Y il ko i
ol gy A% o Mok fo

ol

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

o 25 e spol ok 2 ol FF Y th:

for piece in food:
print (piece)

qualified name (37318l 0] %) BE| A A3zl A BE G B Feh2, G, WA= o] 27
278 HolRL 402 PiE o] F. PEP 3155 oA 3Btk A4 G5 Sehae) Ao
A3 o 2L AR o] &3} 25U th

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

>>> C.__qualname___

ICI

>>> C.D._ _gualname_
'C.D'

>>> C.D.meth. qualname_
'C.D.meth'

252 7t 7] AHSE ul, &3] BF3E ol 5 (fully qualified name)& 5 F 5 I 7| A ==
ZPAA 2R 7te Aor 2eld olF2 g ol & S°], email .mime. text:
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>>> import email.mime.text
>>> email.mime.text._ name_
'email.mime.text'

reference count (R 314) AA o that =R 4. AR IR 3471008 “9011] , W22 7} vk
”9143]' AR AT FHE INH O =T gtojHl I o EH A& FAT CP\thlm T3 ;A
’\?J‘/]D}. sys BE2 54 AA|9 I=x 34+E E8]F+ getrefcount ( Ao gt

ol L HINA & HAL

slots_ el %) ARSI, a2 A=ARELE G T
o8 AAFOEA v 2l S FasHs Z0E U 97 3

A E A Hole ), el WAS § 4 =R oA e el ¢ 182k gl

W3 F 92 FH e o] EHUTh

sequence (A]A2) _ getiten () S5 AEES 53| 45 AGAS AL wpE
S, Al @22 Zo]E E3FE=_ len ™

.III'H_\_,_L,

r°"

UE 2, 1ist, str, tuple,bytes 7} 5 YT dict =3l _ getitem_ (
2 AR, 25 o A5 A A2 9] 2 7B AHEH] wFol AALTF ol PO E H
FRTE 20 el3oF T o

collections.abc.Sequence FA Hlolx Fd A= _ getitem () & __len ()=
oA R ZHSE QA EHo~E AHYd=0, count (), index (), _ contains__ (),
__reversed__ () & F7HgUrth o] &4H AHH oA E T TS register () E AHE3
AHAdez 5524 dgUn

set comprehension (3 AL |3 A) ol Eof J= 842 AAV IEE A sty 238 H2 A
W3tsl= 7+ 43 . results = {c for c in 'abracadabra' if ¢ not in 'abc'}
=BG HEg {'r', 'd'}E AT comprehensionsS FFZE T Al L

single dispatch (9.2 T) A5 %]) 7@ o] stue] Qo] Wol 7|23 AAH = A @5 o252 Y
& 3.

Slice (&24o]2) B A T2 9 ARG FUSE AR, Sehol 2t A8 22YE T/ UL ASAN W
Ut} variable_name[1:3:5] A3, [] FollA A 7S =ALE & L—E—ﬁﬂ?}‘%q HZs
(HE 229 E) B0 RRHOZ o1ice AAE ASFUTH

special method (54> A &) slo] A o] Fof o] AL, cﬂg} 2o AgPstu] BAFH O T TEE = oA
E. oA HAEEF e REZ A FE ZvE o] 52 23 I 55U T 54 WA == specialnames

o EAZ Bl A ULk

statement (Z7) =& 29 E (R =2 “E5 (block)”) & 735t F2JUTh &2 234 o] AL
7IHN=S /\}ﬁﬁh ol 7HA +28 F9 sttd Yt 714 if, while, for.

strong reference 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.

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 refer-
ence, to avoid leaking one reference.

See also borrowed reference.

text encoding (&) A E 2137 9Y) 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 (5] 2 & 5}9)) str AR & 23 £ 5 Qe 7Y A4, 5%, GAE 5L A4 2 & volE A
HolHAE Y AH AT FAE Q15T & A% AU HAE e dzE HAE BE
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('r'E='w)E 99 9Y, sys.stdin, sys.stdout,1i0.5tringI0 & AAHAE E 4 U5

dlel =GR A7) & 932 4 9 5 AR thal A vel v e) 59 = Fa A L.
triple-quoted string ({3 -3 % 8 FA4e) -2E () o} 202 E () A AR FeA FAL. 1
WgE bz FelAel 2Ae] g 75 AT AL FA W, o AR o fol A Lm I} 9

2 o) o) ol 31

type (3) sholx AA] P&
AA P& __class__ o]EF

3 ol o Y IES Dot d FEE UL I E EH
def remove_gray_shades (
colors: list[tuple[int, int, int]]) -> list[tuplel[int, int, int]]:
pass

EoEd 2ol g a7 G e & dsuth

Color = tuple[int, int, int]

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

o

T EY BOE QA S, HAE ~AERS
& "\r\n', AL W ZNEA] Fe '\,

Z 714 Q1 Aol BfA = bytes.splitlines () ¥ 5ol 2} PEP 278 &} PEP 3116 = H A S
variable annotation (H4> o] = H|o]A) W4 = Z A olEFHE o] - H o] Al

W EE 22 o B RE ol H o] 4 e T g ge A AT

class C:
field: 'annotation'

Tint g 7R o=

fu
ok
(o
[
fu
>
ofo
it
T
v
2
il
e
=
2
&
o

W4 ol i o] A Ak o

dEEBE

count: int = 0

W4 o] B o] -2 A4 annassign o A A ™ &t}
See function annotation, PEP 484 and PEP 526, which describe this functionality. Also see annotations-howto
for best practices on working with annotations.

virtual environment (7} 7)) sto] % A8 A9} 38 Z 2 I 0], T2 A|AH oA A s = ThE Tto]
WG 22 OYEY & TS FA FoWA, ol A Wi 7| A5 A A sHA Y G 1 o]
Sohe AL bssl e, A8 A0 AelE 49 84,

venv & HA 8.
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O

Qo= AFE. sl o) 714 7 AL ol ZE A

L

virtual machine (7} 7| A)) A2 ZEojqto
27} ZeaE volE 9Eg A

Zen of Python (3}o]% &) s}o] A t] =<l "’Lﬂﬂ' agse Eio] o], A o] & o]3 8l AFE-3F= o] =89
HUith o] B5L o3y =g J=j5h B U o
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o] A Aol &3}

o] A A= reStructuredText 20| A TEE 0] A1 o2 ) gfo] A A E 93 53| A=t
¢l Sphinx & AH&- @5 U T

Agx el o] & 913 24 QA Nk slo] M A 2} I 2 A A 02 AP F AR =8 Yyt 7] o 3}
2 AT, o] # ol th$F 7 B += reporting-bugs 3| o] A| & IS Al 2. A 22 A B AR AA Y
g gy ol

& RS/ Be A8 =5y

RUNNE

* Fred L. Drake, Jr., 92} 3}o]d A A = F39te] AR o)A @& 2Rl =9 27}

* the Docutils project for creating reStructuredText and the Docutils suite;

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

B.1 slo]d AwAle] THAES

W2 At sholad Aof, shold - ghol B Yl sfol AR Aol 7] F st 7o) Ake] R A <
EE22 glo] A £ v Z 7] Misc/ACKS & FR I AL
spolxlo] o] B A
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appeENDIX C

oA A9} o] Al

CA 2zEgeld o4

g}o] -2 ABCgt:= Qo] o] T A A& 4] v 2HE 9] Stichting Mathematisch Centrum (CWI https://www.cwi.nl/
2+ %) 2] Guido van Rossum©l] 9] 3l 1990 o] Zuko]l W& o] F <5 Uth Tlo| Mo = thE2 AlgE9) W 23]
o] 2= A v, Guido= Tho] # o] 8 AR} o} 9) A»]D}

1995, Guido+= Virginia 2] Reston Oﬂ @)= Corporation for National Research Initiatives(CNRI, https://www.cnri.

reston.va.us/ Frx) ol A zho] x 24 74] a1, o] oA oy AL AZEAE SAYFYTH

200049 59, Guido&} 3}o] A & /\\3] 7H 2 2 BeOpen.com 2 2 -& 7 4] BeOpen PythonLabs ¥ & T4 35
Yt} e 3104, PythonLabs 2 Digital Creations( & A} Zope Corporation; https://www.zope.org/ FZ) &2
A5 YTE 2001 d, ko] A a3z E 9 o] A H(PSF, https://www.python.org/psf/ 3FZ) o] A HE A5t}

O] A= ol FH A AAEAE AFSES 5838 AP v 22 YTt Zope Corporation-&
PSF9] &9 3 dYdUth

RE golH wlZHAL FN AAFYUTH(E 22 A9 of ths] A= https://opensource.org/ S 234

o [¢) H

A9 GAH O R, BB (SHA R ARE obUeh vhol H Wl £ 8-S GPLI S8 ) obee] B
e M ERe 2 ke AUt

uf == A" x| 3l a4 GPL & 217

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

13~152 | 1.2 1995-1999 | CNRI yes

1.6 152 2000 CNRI no

2.0 1.6 2000 BeOpen.com | no

1.6.1 1.6 2001 CNRI no

2.1 2.0+1.6.1 | 2001 PSF no

2.0.1 2.0+1.6.1 | 2001 PSF yes

2.1.1 2.142.0.1 | 2001 PSF yes

212 2.1.1 2002 PSF yes

2.13 2.1.2 2002 PSF yes

2.2 o] 2.1.1 2001-# A | PSF yes

Fa: GPLY} z&dtE A2 2| 7FGPLE o] d 2 v x3ohE S dnstA = syt EE
ghol A gholAla= GPLI 2] of 2o WA S 37/ 222 WA G A vdS w2 5 A
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3l GPL &3 gfo] Al A slo] W3} GPL 3o iR 3 o} 2 Az E o] E A3s 4 A It} o=
AE2 29A dsuth

Guido®] A 5}o] o] W& 7H5 57 THE BHE 93 AR AAE A A= T,

C2 s}l ol A 28} A A1-83517] 1% o] & ok

glo] W Az E Qo] 9} A A= PSF License Agreement©l] W} gfo] Al 7} Hof g U T}

g}o] M 3.8.65E], A A9 oA, Z2]¥ ¥ 7] e} Z &= PSF License Agreement £} Zero-Clause BSD licensel|
ke o] F gho] AT Hoj gy

gtol Ao F3H dF Az EY ool thE ghol A7t AL H Ut gholAlas sl gho] Al o 5l st
= FE &7 JEG Ut o]t glojalae] BEAAST EZL £51E 4~z EQ ofof tjsh glojal s E
S5 TR L.

C.2.1 PSF LICENSE AGREEMENT FOR PYTHON 3.10.13

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

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

3.10.13 software in source or binary form and its associated.
—documentation.

2. Subject to the terms and conditions of this License Agreement, PSF._
—hereby

grants Licensee a nonexclusive, royalty-free, world-wide license to.
—reproduce,

analyze, test, perform and/or display publicly, prepare derivative.
—works,

distribute, and otherwise use Python 3.10.13 alone or in any derivative

version, provided, however, that PSF's License Agreement and PSF's.
—notice of

copyright, i.e., "Copyright © 2001-2023 Python Software Foundation; All_
—~Rights

Reserved" are retained in Python 3.10.13 alone or in any derivative.
—version

prepared by Licensee.

3. In the event Licensee prepares a derivative work that is based on or
incorporates Python 3.10.13 or any part thereof, and wants to make the
derivative work available to others as provided herein, then Licensee.

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

—to Python
3.10.13.

4. PSF is making Python 3.10.13 available to Licensee on an "AS IS" basis.

PSF MAKES NO REPRESENTATIONS OR WARRANTIES, EXPRESS OR IMPLIED. BY WAY._
—OF

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

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

USE OF PYTHON 3.10.13 WILL NOT INFRINGE ANY THIRD PARTY RIGHTS.
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5. PSF SHALL NOT BE LIABLE TO LICENSEE OR ANY OTHER USERS OF PYTHON 3.10.13

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

MODIFYING, DISTRIBUTING, OR OTHERWISE USING PYTHON 3.10.13, OR ANY.
—DERIVATIVE

THEREOF, EVEN IF ADVISED OF THE POSSIBILITY THEREOF.

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

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

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

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

trademark sense to endorse or promote products or services of Licensee, .
—O0r any

third party.

8. By copying, installing or otherwise using Python 3.10.13, Licensee.

—agrees
to be bound by the terms and conditions of this License Agreement.

C.2.2 BEOPEN.COM LICENSE AGREEMENT FOR PYTHON 2.0

BEOPEN PYTHON OPEN SOURCE LICENSE AGREEMENT VERSION 1

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

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

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

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

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

(Th& sl AT ol A%)
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agency, partnership, or joint venture between BeOpen and Licensee. This License
Agreement does not grant permission to use BeOpen trademarks or trade names in a
trademark sense to endorse or promote products or services of Licensee, or any
third party. As an exception, the "BeOpen Python" logos available at
http://www.pythonlabs.com/logos.html may be used according to the permissions
granted on that web page.

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

C.2.3 CNRI LICENSE AGREEMENT FOR PYTHON 1.6.1

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

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

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

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

CNRI SHALL NOT BE LIABLE TO LICENSEE OR ANY OTHER USERS OF PYTHON 1.6.1 FOR
ANY INCIDENTAL, SPECIAL, OR CONSEQUENTIAL DAMAGES OR LOSS AS A RESULT OF
MODIFYING, DISTRIBUTING, OR OTHERWISE USING PYTHON 1.6.1, OR ANY DERIVATIVE
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

(TF& sl AT ol A%
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Virginia shall govern this License Agreement only as to issues arising under or
with respect to Paragraphs 4, 5, and 7 of this License Agreement. Nothing in
this License Agreement shall be deemed to create any relationship of agency,
partnership, or joint venture between CNRI and Licensee. This License Agreement
does not grant permission to use CNRI trademarks or trade name in a trademark
sense to endorse or promote products or services of Licensee, or any third
party.

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

C.2.4 CWI LICENSE AGREEMENT FOR PYTHON 0.9.0 THROUGH 1.2

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

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

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

C.2.5 ZERO-CLAUSE BSD LICENSE FOR CODE IN THE PYTHON 3.10.13 DOC-
UMENTATION

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

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

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

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

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

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

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

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS
"AS IS" AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT
LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR
A PARTICULAR PURPOSE ARE DISCLAIMED. 1IN NO EVENT SHALL THE COPYRIGHT OWNER OR
CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL,
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)
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C.3.2 27

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

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

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

modification, are permitted provided that the following conditions

are met:

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

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

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

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

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

C.3.3 vlE7] &7 A

[>

asynchat3¥ asyncore R 52 th33 22 F9 AMS 233U

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.

%
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C.34 F7| &=

http.cookies REL T} 28 59 A3 TR Th:

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

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

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

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

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

C.3.5 A3 >3

trace BEL U2 2 39 AL EFLH

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.
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C.3.6 UUencode 4 UUdecode 3+

wu BEL The 3 2 79 S EPTh

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

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

Modified by Jack Jansen, CWI, July 1995:

— Use binascii module to do the actual line-by-line conversion
between ascii and binary. This results in a 1000-fold speedup. The C
version is still 5 times faster, though.

- Arguments more compliant with Python standard

C3.7 XML YA Z==2AA 5&

xmlrpe.client RES TheT 22 29 A3 e

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.

%

C3. 38 2z Egolo] Uit ehol A 2 53 o1




Extending and Embedding Python, & ] 8] 3.10.13

C.3.8 test_epoll

test_epoll RES b3t 28 79| AL ZFFUh

Copyright (c) 2001-2006 Twisted Matrix Laboratories.

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

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

THE SOFTWARE IS PROVIDED "AS IS", WITHOUT WARRANTY OF ANY KIND,
EXPRESS OR IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE AND

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

C.3.9 Select kqueue

select BE-2 kqueue Q1 E 3] o] 2ol thal The 3} 2 9] AgHS ERFU T

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

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

modification, are permitted provided that the following conditions

are met:

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

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

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

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

OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT
LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY
OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF
SUCH DAMAGE.
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C.3.10 SipHash24

39 python/pyhash. ¢ ¢+ Dan Bernstein ®] SipHash24 €17 2] = 2] Marek Majkowski 2] =& o] 3Z 35| of
AFUTH 7)o &= a3 22 W§o] Z3E o 5T

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

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

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

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

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

C.3.11 strtod £} dtoa

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

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

* % ok X

*

* THIS SOFTWARE IS BEING PROVIDED "AS IS", WITHOUT ANY EXPRESS OR IMPLIED
* WARRANTY. 1IN 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.

*

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

%
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C.3.12 OpenSSL

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

LICENSE ISSUES

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

OpenSSL License

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

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

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

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

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

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

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

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

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

NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES;

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

HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT,
STRICT LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE)

FE R ST T S N S R TR S N S S S S S S N S S e T S S S S N SRS N S T S T S
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ARISING IN ANY WAY OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED
OF THE POSSIBILITY OF SUCH DAMAGE.

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

L R

Original SSLeay License

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

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

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

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

the code are not to be removed.

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

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

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

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

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

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

OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT
LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY

ECRE T A A I S S N S N S S SN T N S N N . I T e N S N IS S S S N T N N T S S
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* OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF

* SUCH DAMAGE.

*

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

* [including the GNU Public Licence.]

*/

C.3.13 expat

pyexpat B2 WEE ——with-system-expat & F/38A] %+ 3t £ expat &2 AHE S ARG

shol =g ok

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

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

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

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

C.3.14 libffi

_ctypes @FL WEE ——yith-system-1ibffi B FASA 9= 3t 3 libfi &2 AHES AFR

shof =g ok

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

(TF& sl A ol A%)
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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

21ib L A2 H oA WA dib Ao YT eefs o] A o] A8 4 glow,
A2 Abg el e U th

ki
i
i
N
S
B>
[>

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

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

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

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

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

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

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

C.3.16 cfuhash

tracemalloc o &8 A= & Al Hl o] 22 & -& cfuhash Z2 A EE 7|Hko 2 St}

[kl

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

(Th& sl AT ol A%
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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.

C.3.17 libmpdec

de01mal % W & ——with-system-libmpdec & 74 3}A] ¢+ Sk, 234 libmpdec 42~ AFE

2 ALgstel MEPUTh

Copyright (c) 2008-2020 Stefan Krah. All rights reserved.

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

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

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

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

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

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

C.3.18 W3C C14N H| 2 E A9 E

The C14N 2.0 test suite in the test package (Lib/test/xmltestdata/cl14n-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:

(TF& sl A ol A%)
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* 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,
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:

Programming the AdLib/Sound Blaster

FM Music Chips

Version 2.0 (24 Feb 1992)

Copyright (c) 1991, 1992 by Jeffrey S. Lee

jlee@smylex.uucp

Warranty and Copyright Policy

This document is provided on an "as-is" basis, and its author makes
no warranty or representation, express or implied, with respect to
its quality performance or fitness for a particular purpose. In no
event will the author of this document be liable for direct, indirect,
special, incidental, or consequential damages arising out of the use
or inability to use the information contained within. Use of this
document is at your own risk.

This file may be used and copied freely so long as the applicable
copyright notices are retained, and no modifications are made to the
text of the document. No money shall be charged for its distribution
beyond reasonable shipping, handling and duplication costs, nor shall
proprietary changes be made to this document so that it cannot be
distributed freely. This document may not be included in published
material or commercial packages without the written consent of its
author.

%
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sho] 3} o] WA
Copyright © 2001-2023 Python Software Foundation. All rights reserved.

Copyright © 2000 BeOpen.com. All rights reserved.

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