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CHAPTER 1

AR AL ET

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

>>> import spam

>>> status = spam.system("ls —-1")

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

spammify.cd 4 A5 Th)

shee] A g ¥ B thed 2Eyth

#define PY_SSIZE_T CLEAN
#include <Python.h>

W

o] 212 stol A APIE A G UTHAFTHA BES BA7 AW BAE AYSHE FHS 34T 5 A%

oh.

Fa: slolmo] R A" R F 3T FFE 1A
S B 7 235 7] Aol REEA] Python.ha Zhaf ofF 3
KX

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

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

2oz BE v 718l AL to]W HH A spam.system(string) o] 718 uj &2 C 44
=5
=

Utk Aol ol gA 225 =4 2 EA 2 AdUth:

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

const char *command;

int sts;

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

sts = system(command) ;

return PylLong_FromLong (sts);

}

stolfe] AR B2 (S Sof, b FHA "1s -1M) oA C T2 ALE = ARz o] 73 Wdo] gl
Urth C &40l = 314 self & argseh= F 719] QA7 915U Th

self QA= ZE = FolA L8 AAE 7 AU M2 F9 A dAEd 2 E 7HE A

args AAE AAE ZTPHE shol W FE Ao B AN YUTh FE) 4 2L 529 AR 55
e Al sy Ak shold A YUt —C oA FA7ME s E oS C o=
W 3haf oF gty th Fho] M APIQ] PyArg ParseTuple () 5= QA 3L 5213511 C 3Ho 2 W3S T}
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W2 EALS Ag 3ol DR A Y W S AFTC WS S AFIUTE UFol o) 210 o)
RIS Fohu A th.

RE Qo] Ho| eute T ST T R4rt Fart AwE W] A% W, pyarg ParseTuple () & &
(0] ob U th e Matghch § 8517 92 X B2o] Auw W A2 (0)S WA T TAL A4S 53
7k (ool Al BEol) NULLE SA] Wah e 4 52 A F 3t o9 2 A AU T

2.1.2 975 of| 2] 9} o) 9]

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

sho] 4 APIE: Thebah Wl o) 2 4487 918 o2 $42 Aol

7b3 dubA 9l AL pyErr_setString () YU th A= o9 AA 2 C EAL G o9 Axe BE
PyExc_ZeroDivisionErrort 22 vl Ao ¥ AA YUt C EAE -2 ol 2]9] A e H shol A
FAY AR 2 WEF o] o] 9o “ATH o= AFFH U

T TE 89 = PyErr_SetFromErrno () QYT o] 4= o2 AR H st A W errnos
AN B3 ghe AT 71 Qb o) 8 M 4 PyErr_SetObject () o] H, of| 2] o} & 3kl + 7]

AA AAE AUt o] 23 gl Zd%ﬂ—t— Zﬂiﬂ% Py_INCREF () & d2+= FUrth
PyErr_Occurred () 2 o Q] 7} A= of Qe v] 37 H o2 HAANS 5= JF Ut A ole] AA o 2] 7}
WA ELA] ook o W NULLS Wheg U oh wkE) gholl A & 4 ‘210101: A dutA oz kg T Eo A ol &7}

LA =2] &elst7] 93] PyErr_Occurred () & EEQ‘ 2o+ flsyrh

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

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

Sto] o 9] 2 AL WA A o7 ]9 of
Qe el Eo] AYdA Fal AAT

A oEr 4448 Oﬂﬂ%?ﬂ St2J ¥, PyErr_Clear () £ 3%
sty C =7} PyErr_ Clear ()ETEokste rdT = odHE
$hd 8] A atel 1 sk A9 QU TH (o) TE AL AEFAL, ol 72

BE A S malloc () %
/\/\E PyErr_NoMemory (
PyLong_FromLong ())<= ©
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3 PyArg_ParseTuple () & 2 AFE9] $23 oS A s, A FHfE 0b2
}\]/\Eﬂ TEAY durR o7 A 3

T AR A 2 HA).

2 oo 2 Ao Fytt—malloc () (Ex realloc ()Y A T E A +=
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Ju] o] RS FHIER, o] T mallOC()% A &3 SE2 A AR
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A Ero 2 ) o] A 7] & Wk o (o] 1] Bk A A& Py_XDECREF () W Py_DECREF () & Z&3}o]) 7}v]
S E EESPEY
ofi o] & AN LA = AALRE Y E APt BE W oA o &Jof s]Fot= A AA
H C A (7} PyExc_ZeroDivisionError) 7} i+t F ;<q ALEE 4 dF5 YT B8, 998 Iyt
A Ao FU T — A A 4 92 Fal ol pybxc_TypeRrror & AHEELA AL (vl
PyExc_IOErroro]of gy}, AA F5of Tzﬂ 7} 129, PyArg_ParseTuple () &= dulx oz
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PyExc_Typemrrorg WA ULk gtol 574 Ul vl golok 871} BhE 242 W23 o 5= 947}
9o PyExc_ValueErrorZ} Agstyrct

RE IFT A AL E HYT = A5 o] & e, Ao E 5t A& Bio] BA AX A4S
Ad gt

static PyObject *SpamError;

a3 ZEe] 2718} & (PyInit_spam()) oA o] AA & 2733

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;

ULL thAl

ol 9] AA| ] slo]#H o] &L spam.error Yol 7934 Al L. PyErr_NewException () 4= (N
JdZHAE RS

o
O FH A7 LD A o= 3 W o] iﬂﬂ 2~ 7} (bltin-exceptions o] A A ™ H) Exception

% g%tk

SpamError M¢E A2 BE]F o 2] Feaof tigh IF2E B4
UtH QB F = o o3 o] 7t gl A A AL ‘2171 w2 oll, & W 2] A A| spamError7} W2 ®
(dangling) ZE 7} 5| A =5 e, Sl Hs A& 47T 2 AUtk migd 2o0g 7 HE,
AL E DY 7| =CIEZL I I Y THE 95314 2 H&88 o 5= 5yt

o] &2 SIHEo|A PyMODINIT_FUNCE &4 ¥l8g 0 g AL231+= Zlof #a) 43y}

53} o] PyErr_SetString () & &3} & REA spam.error g2 & A Z 4= JdH5 YT

o BHAA 2 o] AL o =AY

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

const char *command;

int sts;

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

sts = system(command) ;

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

}

return PyLong_FromLong (sts);

8 Chapter 2. A At =7 §lo] 84 THE7]




Extending and Embedding Python, & x] 8] 4 3.10.13

2.1.3 oA 2 Eo}r}7]

oA 52 Eol7hA, o)Al of e He o] B olal & 4 glojof T Th:

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

JAAF FFo A o) 7 LA PyArg_ParseTuple () ol &= A

e EHFL YA TS system () 2 TE2H], PyArg_ParseTuple () 9|4 &4

748 o 9] of] o] E5HHE A NULL(A A Z <
B & 91gat = 49 o # BA17)L w3 o). ZE‘X] oo QI xte] B} Zko] A ¥4 commande]
BALE QFUTH o] A2 2 E th§)olH 7he 7] = AL S =AM A= FF Utk (T 3 5—C°ﬂ/\1, A
command+= const char *command® ZH}IE A A AH o]oF 3.

rlo
M

Ade AEI ok

’sts = system (command) ;

229 spam.system () 4= sts S oW AA = ¥isHs| oF gt} o] AL pyLong_FromLong ()

58 AHg kel o Fol ALk,

’return PyLong_FromLong (sts);

o 3%, A% AAE VBFUL (o), FFEAE ol Ao A £ T

Abe] A QU TH)

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_ NOl’le‘C E glo]# A A Nonel] C o] YUYt oA Bkxo], &

NULL % 1€} 7} o} 2} A5 sho] W A A Ut

214 RE WA= HolBH 27]3) 4

o]l ZZ I A spam_system() ©] JBA TEFH =X Ho] F

AT

ok

2o A&l A “odlH7E Soke

SIS U WA, mA=

= T

Blo]E7o] o] 23} Fa g b of Fith:
static PyMethodDef SpamMethods[] = {

{"system", spam_system, METH_VARARGS,

"Execute a shell command."},

{NULL, NULL, O, NULL} /* Sentinel */
bi
Al WA 95 (METH_VARARGS) o] 79 3 Al 2. o] A2 B Z 2Bl A C Fpoll AHSE S5 1A= &
FeZYgaduch gutzA o 2 A METH_VARARGSU METH_VARARGS | METH_KEYWORDS®]of i t};
0 %2 B A8 5 A g PyArg_ParseTuple () W&o A48 o FYrh
METH_VARARGS Bt ARS8 ufl, 3h = Tho] % o~ v 7] ~7} PyArg_ParseTuple () & &8 & £4
?‘ﬂ%ﬂ% 2 HAGE A& 7Igsh o U th; o] Froll th gk AR S H K= ofefoll AlF-F Y th
719 & QRS Frpof A el of 3FH, Al A D= o A METH_KEYWORDS H|ES A A3 4 95 Uth o

B CEFE 9= gAMYL E /‘ﬂ HWH PyObject * W7} W& ‘:1‘—}0}—04°]Zﬂ‘4‘:1r- ol gt Tl =
PyArg_ParseTupleAndKeywords () & A& 5to] QAE F& EATAHAIL

ﬂHEﬂﬂ%%E%@QFEﬂﬂH%iﬂﬂﬁﬁqq:
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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

ThA], o] £2AE B8 2713 oA dHZHE ALs oo Ut z27|38 g9 o] 52
PyInit_name () o]o]oF &Yt} o 7] A name ZE2 o]l5olH, BE g HJH FL3 ¥ static

3 5-0] o] of ] oh:

PyMODINIT_FUNC
PyInit_spam(void)
{

return PyModule_Create (&spammodule) ;

PyMODINIT_FUNC+= $H4& PyObject * HIZg o= HAstal, TWF T8 EF JI AAES AAs
o, C++2] A 45 extern "C"E A AT 72] 5

=2

-2 | o] & (PyMethodDef 2 A 9] v &) Z 7|Rte & WA & AAES ME T
PyModule_Create () & & BEE ZAA o tfst =QAHE

FHHAY RES HS2HA 27318 5 9l W NULLS WHE
T EA o Al vk of uth 12 ¥ sys.modulesol 4 E U TH
slo] W& YA ], PyImport_Inittab H o] Eo] o] glod pyInit_spam() FF7AFo2 &
H 2 FEUTh 252 27|13 H ol &l 715t ¥, PyImport_AppendInittab () & AH&slal, A B Ao
2O RES Y2E FYTh:

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

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

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

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

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

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

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

10 Chapter 2. A7} 57 glo] 7 W5 7]
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(o] A sl o] A A M A%)

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

PyMem_RawFree (program) ;

return 0;
}
F3l: sys.modulesol|X F5= 1746}7144&*11 WolM Autdd RS o] JHIHRZ JEE
St (= exec () & NYAIZIA 9831 fork () E WER) A7 FF Bgol LA 72T = s U &3
BE AL fE HolE] FRE 2 1§‘r6‘11ﬂ FoE 7=k U
o2 AR A o Al ZE o] Modules/xxmodule.c® o] Al 2 Wiz 3ol 235 o] glgUth o] 3td2
HEsl oz AR ﬂb‘r%tol AR = AFUh

Z31: spam A A} D] xxmoduleL ThbA X 7] 3} (multi-phase initialization)(Z}Fo] % 3.
A& @Y Th o 714 = PyModuleDef 2| 7F Py Init_spamol| Al W85 11, R 5 A2 Y X E DX} & A
AUtk thehAl 2 7] 8}ol] o & 2pA| 8 Ul -§-2 PEP 4895 IR 3140 Al 2

215 AsldF HJ=3

A2 L A3 Aol slok 5 A Aol | gtk An A shold N 2ue P, 57
L AR A A AL o] A 5 8 o ol ol ek B E B e
WS 20] B RCS Crr 42 WEG] DI AL S Do Yk AA S AR ooz AR 27}

AR (A=A C2} C++ 3 ‘:”Eo}ﬂ HE ZFRIAAL

EA2YE 48U S WA, TEE S0 4NN A $Rom DEAL, 24 4YE Y
31 GE Ze B8 OpA W= of FUTH & EAT, o AL FUANA S DRTUG: FEHS E 2
B Z 2] Modules/ T EE o o} (9 & 01 spammodule.c)—% 11, Modules/Setup.local 3¢
oA LS Vs T ES -%—7?3}@/\]9—:

spam spammodule.o

223 49 T A E 2o A make® AW sto] Q] me) ¥ & thA WESA A L. Modules/ A1 T ¥

2] ol Al makeS AP T 5% 9l X ¥ HA] ‘make Makefile’ S A 3 5}o] MakefileS ThA| W & &f oF ST}
(o) AL setup LS HAS wjnic}t & g3t}
E%oﬂ aoi‘:‘:_]—“li_7]' ﬂ'O]EHE}7} ;.9_8]-13, O];—]\E—‘_ ?./\6] _\—Jq,oel._g] %Oﬂ L]_OE:]% _,_v,\_ %%qp}’ C’ﬂ%—%(}]

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

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

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

¥$~ﬂ
~ o

& A ol

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

static PyObject *my_callback = NULL;

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

PyObject *result = NULL;

PyObject *temp;

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

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

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

}

return result;

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

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

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

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

int arg;
PyObject *arglist;
PyObject *result;

arg = 123;

12 Chapter 2. A4z} & F ¢lo] &7 whE 7]
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/* Time to call the callback */

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

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

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

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

Py_DECREF () af| oF gt}

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

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

o

FHN'
o

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

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

PyObject *arglist;

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

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

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

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

SE
&4

9 19
X
j:jg ﬁﬁjx

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

return NULL; /* Pass error back */
/* Here maybe use the result */
Py_DECREF (result) ;
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21.7 g Pl A vl WS 25

PyArg_ParseTuple () ¥4+ a3 2ol AAdH Yt

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

~

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

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

ZasaAel

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

% 74 oA B E

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

int ok;

int i, 3;

long k, 1;

const char *s;
Py_ssize_t size;

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

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

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

ok PyArg_ParseTuple (args, " (ii)s#", &i, &3j, &s, &size);

/* A pair of ints and a string, whose size is also returned */
/* Possible Python call: f((1, 2), 'three') */

const char *file;

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

/* A string, and optionally another string and an integer */
/* Possible Python calls:

f('spam')

f('spam', 'w')

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

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

14 Chapter 2. AAA ©F ¢lo] &3 w5 7)
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&left, &top, &right, &bottom, &h, &v);
/* A rectangle and a point */
/* Possible Python call:
f(((o0, 0), (400, 300)), (10, 10)) */

Py_complex c;

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

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

2.1.8 3 #4293 719 = uls) W4

PyArg_ParseTupleAndKeywords () S4E oS3 Zo]l AAH Yt}

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

arg®} format ") 7 M4~ PyArg_ParseTuple

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

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

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

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

-
ral
AGE A TypeErrorE WA A A Yt}

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

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

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

int voltage;

const char *state = "a stiff";

const char *action = "voom";

const char *type = "Norwegian Blue";

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

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

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

(THE SOl Aol A1)
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Py_RETURN_NONE;

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

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

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

21.9 dolef & 7535171

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

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

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

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

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

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

Py_Buildvalue ("") None

Py_Buildvalue ("i", 123) 123

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

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

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

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

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

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

Py_Buildvalue (" ()") ()
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Py_BuildvValue (" (i)", 123) (123,)
Py_Buildvalue (" (ii)", 123, 456) (123, 456)
Py_Buildvalue (" (i,1)", 123, 456) (123, 4506)
Py_Buildvalue("[i,i]", 123, 456) [123, 456]
Py_Buildvalue ("{s:i,s:i}",

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

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

21.10 Fx 34

CU C++ 9} 28 dojof A, oA w2 e 57 ada} s+t 3] A 5= 74—.2&1?41“17} g3y C
A&, malloc () free () TFFE /\PQL?FPO% —’,‘—‘gz}qr/} C++olA =, A2 A newsl deletes

BAAos e ofuz A gH M $et Azt =02 0o 42 ARSHAL

Slo] A 7hsd v Re 22
=42 oolu g A free(>
£3 % 93U ol Az

o o ﬂ]_._/\]._g_s]—fﬂ
2] {\}% 3} 7] (using

e 14 3 S ®
735 A ke Hlol 8 Fx e A% 2L U AHE 2Pt Fof

JZi i
112
o
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TEA o g I ]
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o] malloc () & free () & BWol AHE5H7] wjZof], W 2 2] 72 s Al | vl 2 2] AHE-S 3] 8t A o]
A o3} 4 E.HQ WS Z 2 34 M| 7] (reference counting) e}l U th A gl= gy ‘:]‘- BE A=
+HE 23U, 7]'—"3 = 7“7?1]0“ g Fx7F oA 7kel] AE o S7bskar, Fx7FAAIE of A

7}
Utk A2 E 7E 00l e, AAof o3k vhA e 227} AAE Aol 3 4717 A U o

A Aeke A5 718 A 5= A (automatic garbage collection) 0] 23l U T) (W 2=, I 34 A7 % 78] A

3] 2ok s, A a0 AE7E Belgeh) g A £49 A4 2 Aae

NEAT free ()& BAAOE 522 B2sh Gk AT (E O 749 o]0 S50 v we) ALS

Sko) |40 A8 — 0| A2 An @ Aol o UTE) BAL CEl A9 BE A4 AL o 44 9 AT

L AN (TS malloc () B free () EALET S Q=3 —ol=C EFo] HATULH, AAE o]AA 9=

NEﬂMN¢@ﬂﬂ“qLﬁ“ﬂq AA7LCE 1o 528 944 Ut A5 A 2RAE AEE
!

Eamqq:wmmfat@5m¢ﬂﬂﬂ“4 Ay
shol e AT Fx A5 A7) TR ASHAT, B2 2B A ¢ 8 FA7 = ASHY ) 0|2
ENEVEARAN SAons ol 1A £8 FLE BEL A(]A0) 32 AU AT 2
7hil 2] $719] b8 AU Thol thal A4 5HA shobE HUth & £ (oIA 1Y A 0 %) A4l oh 3t
B2E EFE AAR FAH M, w90 2 AA L 00] obdl B2 A+E ZHith, AuA B2 A5
A7) FAANE 23 AR B3 F7F G20} rehe G2 2B Aol St vmel 2 do] £
AR oA B2 W2 E 25 5 gath

The cycle detector is able to detect garbage cycles and can reclaim them. The gc module exposes a way to run the detector
(the collect () function), as well as configuration interfaces and the ability to disable the detector at runtime.
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sho] Aol A Fx 35 Al 7]

Hz A5 e FAE AYstE T /N9 W22 Py _INCREF (x) & Py_D
Py_DECREF () &+ 37} 00 =&3ld AAE A3 7= Ttk A4

BHA kUt — A, AR 9] & AA (rype object)dll Y= T4 EOAEHE
S 98 2 E AA =813 & AA| ol v LB T 3 YT

ojAl & AFo] 5 Ut AA Py_INCREF (x) &} Py_DECREF (x) & AMEFU7I? WA 2 7HA] S & &7
SHAS UL ol F = AA|E “A(owns)”3HA] U T | 28y, AA ol T 3 FRE A (own a reference) &
F dF5Uth AAo Zx 35E oA o] AAo Y3 FZFE 427+ 2 AP ULE FX LA FAE HE
Zz7F B2 1A ¢S ]l Py_DECREF () & T &doF FUth R 4f3E ¥=T = JdFUTh 273
FzE A E3= A 7HA B o] Ut AY, A7 2 Py _DECREF () $&. 273 &= -

W2 bR g,

|
[ga|
(@]
s}
[eal
i
x
N
3%
! ofy
AW
o

Y
it
R
Mo
X<}
D)
[e]
2

=
AA N 2 F2 S W elE (borrow)’ A% 7Hs Tt F2 9 o o] AL (borrower) = Py_DECREF () § & Z 3]
AE Sk gUth oA Bd itk o 22 AR S ot E Utk £/ AV AR § 4d
FxE A8t el A E v e E AR A3 o] oA A B of Fr
Fx afo madu der)e] ojd e IEE FI b BE ARAA F2E AT B2 jloke
AQUet— =5, W22 F2E A8t 27] T8 Ao F59] AP o] 5y th af3hs Al vl 2=
A9 92, QR 2ukE ZEAR W& AfATF AR E FE2E AL Fol U F27FAEE
F Qe v E S gl k= AT
AE 2= Py _INCREF () & ©&3] &3 F22 U4 T ¢ dgyth o= F=2S W82 £ {744
el 4TS MAA FHEUT - M2 2FE F2E WHEL AT 254 AL S FARUT (oA
SfAHERE obU R Al Afr b FE2E SvkEA AR oF g th
&4 3

A 27} B4 AFo R AYD wjvieh, 2480 FRG A AL A 18A FLA L G4 A o]

2 Aol AR ek

AR e F2E N E gRrE TdF= Fxe T 2752 E ALY =9,
PyLong_FromLong () U Py _Buildvalue ()} Z2 M AAE M= 7|52 /A RETTE= 470
FAZLA A AU AR 7 AAZ A QA7) oty gtE, o] W3] s Aol tfgt A FxRe AfdES
Byt o & 9], PyLong_FromLong () < £3] AMSH = gk AAIE FA 3L A A 5 o st

F2E 0BT 5 AU

g2 AAAN AAE FE5te B T Fx
PyObject_GetAttrString (). 2 U 2 7}x] 4HkH o &
t}: PyTuple_GetItem(),PyList_GetItem(),PyDict_GetItem(
L RERL PaEEE YA 28 2 wEghy
PyImport_AddModule () 4% AA = WH&st= AR E ws 5 AT A A F2E 93t A A o
&t &3 F27) sys.modulesel AE o] Q7] wiEel 715

AR FRE 2 g A ), drdg oz, 3
oF 3} H, Py_INCREF () & Ab&3te] 59 &fAH7
PyTuple_SetItem() & PyList_SetItem(). ©
A5t et E! (PyDict_SetItem () H I AFEL A

CEg7t ol S22 ul, TEAZHE 2 ARt Yt Fx2 & AP Ytk TEX = AA A s JF=RE
4fay) meol, 9d Bz £

A3l oF & ufj vk, Py_INCREF () &

—
-
i) I
2
v
Eis
|o
fu
Jz
o
ks
BN
e
e,
i
o
\
o
[
f
N
2
S

2 2] 7] (borrowing)” S5 A SuhEA| Utk AL ol A3 BE ARE 7 1 U
A2 057k AR FATE A AFokA GEUTH— B2 D5 AAHAD W2 92 5 gloiH THE AR ol A3
&
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stolAcl A T2H C oA whE AR Fxre 47T FRoof Ut — 25D FLolH TEAR
Aggyrt

Aol .o

2 2.

Qu7)e] 2ol e Fxe) Ao BAE o 5 Qe B A 4ol dRUrh o AT e BE 2o
AFAZEZZRE ARLFES T4 U AHZYHY BAA 527 Ao FUTh

A AA Golop B Mg Fa AL BAE B U B2 E el 5% Ao gl AR oA
Py_DECREF () & AF&-3l= A Y Uth o & Eol:

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

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

o] Bt WA 1ist (0] WSk A =E
ol gt Fafsl Ho)A 82 A gk 18 7] 95Ut

PyList_SetItem() S29 Ao 35S e/l FAILh | 2EERE T
< w A o Al 5 12 X3 (dispose) 3l oF Pt o] Al A& FH 1] A e
b8t FU a7t __del () WIANEE BTt o 7 FAIth o] FEA JAAH A Fx 3
14 uf, o] 2 JE3tH __del_ () IAEZFEEH YT

glolH o7 AP W&o, _del () WAHAEE 949 vlo]H T =
bug () ol A itemol et F2E F AR st= APS TH S
EZF_del__ () WA EA AAM 2 7hssttiar 78 64, d
Rom, o] A o] 3 F Aol gk wpA] et Fxebal 7pg e, 1
= FRE gYh

A 9 dn U, 2 e dsuth dAHCE Fx SIeE AN SHE HAY e
th= 3 25Utk

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

Py_INCREF (item) ;

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

Py_DECREF (item) ;

—~

o] A2 AA| olok7| YUt} o] A WA Thol Mol = o] 1Y MFP o] 2FH o] O FFTF__del ()
HA =7 A et o] 5 Lot 7] f8l C W A A 43t Al 7S BRllF Yt

A FRo] FA7 A= F 3 - 2des Add Ay J Ut dord oz, sto| o] Aa| AA F3H<
B33 A Fo] QlojA, sho] Az E Y o8 A == tE AEY 2ol 71015 & gtk 218,
W32 Py BEGIN_ALLOW_THREADSE Al§3}o] o] & YA H O E S| A|8lal Py _END_ALLOW_THREADS
E AL A FRHE 4 Q5 UL ol = B2 /0 T2 A T3, /07 25 7 &E 7| the = B9k th=
2 =7 Z2AAE AST = IAES FUTh 293, ths e ol g4 22 A7 stk
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void

bug (PyObject *1list)

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

NULL 3 ¢1€]

A ow, AR F2E QAR At T4 L NULL EAHE AL 02 A h5hA ghov], 218 3
TS HZFYTH(EE o] F0 Fo] 2 E FEFYTh. AA Fx & &stE e dibH oz o 97}
25 LR 7] 984 B NULLS HEESU T NULL Q1 AF2 AAFSEA] 9 o] &= 3t S o] 2% 24l o]
wke AR S o2 Fgol ALs] E Yy — 24 g7k NnuLLS ARG, S8 A A} g whAl st
F=7be = A PPt

NULLY 4 Q= ZOE 7} A1 wf “2 A7 A w NULLS AAMSFE A o] 25Ut oS S0, malloc ()
o} ol 9] 2 LA D S Yk TRl A.

u] 2 2 Py_INCREF () ¢} Py_DECREF () £ NULL 2 E & AASA 5yt — 3w, 259 Uy
Py_XINCREF () 2} Py_XDECREF () & &<elgth

£ AA PE Aty e v 22 (Pytype_Check ())& NULL ZAEHE EAeHA] k5 th— A, o
715k Foll thal AA S AAE7]) A8 AL ol 5 S o8 W TE3e =T oA, 8 AL
AAD UL NULL ZAALS 31 8-S gl

CA4 T2 UAYZLC o] ALd Ax}p EZ (oo A= args) o] Ao NULLO] obdS B A3t —
FEALS BT,
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EolA HolA = = AF Utk 7HA 9 Al AFGS 2 Al A o e} thF s o] AJ2dl2 5ol
E% glE gt B E g ZEo) shute] A o] F0E AHg ok WA (& ol 9 E9), e A"
E AN EE FH = 7159 555 HAIH LR 273 A Y (AIX7F sk o duTh), of 2] Ak 5
/dE—.“%"‘ =S FUG (HFRY ). £ 7|a7dGHor HolHety, 3&dte & 711
ZEol obd 2EH A kS dFUTH
webA] o] Aol = 713 ZRA A ofl thal] 7HE 8HA] ek-g Zle] @ g Ut o] A2 T E EF R ER] o] § FE
o Do 1A, BEO] 275 A4 A9 S B BES BE 752 staticow s o T o ulF T}
(‘“"4 REY WA= 101‘:‘4271?@}@?01]/‘ ARE o)), 281 o] the B EEoll Al A A s of et
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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.

44 B CAPIE w231 o 4L AH8ahs uol e 2 AA 7 AaUth 2857 A we) Aee
27U, 2 ECAPLEE L A7 idel $o8 A2 ANT S AT, 292 LA g Adsta
Ae Thda 4L FEE Ao RET Zeho|dE B E 7o de] PAow Ba® 5 95Ut

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

=8, CAPIE B715He B A8 & el Bhg 720 He) o 52 A A3 of T ok

modulename.attributename

Ho] 3 PyCapsule_Import () & AHEstA e &3 Al 3E CAPIE A 2= & 5 A H<
o] F o] o] 5 23} °‘ﬁ1f‘f‘wﬁu¥1 QD}. o] 522 C API AR Aol Al 2FAl o] 2 = 8t & of 212 C API
7]—3?;@'ﬂ01 %11:]"— Ej'/x\_]a aqq

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.

JREYE=E 252 “’*‘1 7FEP6P ofl9] spam BRES FH T A YUl spam.system() T+ C 2ol B g
3}

UP—,— system() & A3 TS = &1L, AA 2= B B AYs sk (7FF ZE gl “spam”
Z7} 8= AT} L%) PySpam_System () ¥+E SEFUth ©] F PySpam_System () & o+ &%
“%E R

h PySpam_System () = 3 H 3 C g4=0]

h=)

,OFE B E AT} Zo] statico Z AAFHJAHF YT

static int
PySpam_System (const char *command)
{

return system(command) ;

}

rr

Aha8HA 3 H Uk

spam_system () S

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

(THS slolATell A1)
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const char *command;

int sts;

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

sts = PySpam_System (command) ;

return PyLong_FromLong (sts);

BEo] A2 R A, g & vl g o

#include <Python.h>

ohe % E€ o 274 ok gk

#define SPAM _MODULE
#include "spammodule.h"

#defineZ 3|t 3t o] FEtolAdE BEo] ofd YH UYL= BEEo 2TH S &= d AASF Yttt vpA gt e
2,259 273} 4+ CAPI 2 H v & 27|33 of gt

PyMODINIT_FUNC

PyInit_spam(void)

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

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

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

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

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

return m;

PySpam_API+ staticC 2 MAFUTH 28 A koW PyInit_spam() o] TEZ wf ZIE uj & o] Abe}
Ay
Z R EL F Y 9Y spammodule.hol 9o, o237} 25Ut}

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

#endif
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/* Header file for spammodule */

/* C API functions */

#define PySpam_System NUM 0

#define PySpam_System RETURN int

#define PySpam System PROTO (const char *command)

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

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

static PySpam_System_ RETURN PySpam_System PySpam_System_ PROTO;

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

static void **PySpam_API;

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

/* Return -1 on error, 0 on success.
* PyCapsule_Import will set an exception 1f 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;

3

#endif

#ifdef __cplusplus
3
#endif

#endif /* !defined (Py_SPAMMODULE _H) */

= mEol o & e 2713 ol A T4 (HA

PySpam_System () 3o 7l A& 2 bl
Zo] ARt

o x ]/\
N A A
WA Z) import_spam() & &3}

rir _?L'

PyMODINIT_FUNC
PyInit_client (void)
{

PyObject *m;

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

return NULL;
if (import_spam() < 0)

return NULL;

(HF= slef Aol AI%)
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/* additional initialization can happen here */
return m;

—

o] Mo #8 B8 S 7 spammodule.n7h Tha BAgBThE AU Th Telt, A8 TaE s
Pomieh 2orA, o Wk B4 U o

npxjEto g M F7t7lse Awst, 53] el A= EE A vz S g
duch AR AF-E 3Fo] 2/C API & 3 PN )7 L ] capsules 443} g FH (Fol W ax
Include/pycapsule.h®} Objects/pycapsule.c 3}¥) o A= o] 95U h

golH e C A 2E A7 WA strH list T} upR71A 2 fol M FE oA 223 4 Q= A 2&
FS= AT UAES FU BEAFY Y T llde m=A Al &str] ol o) sl 3 of & Al F- AFo]
A5 yth o] A= FA O gk g 271Utk

221 7|

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”.

Wb, Al B9 Aol shelw, Al Y AAE S ol o Fuch,

old FF AL AAET AGT 5 glojA, 7] C & ZE custom WAl Custome]zh= A &
golete Hagol AT AT Bl lsyth:

e A7) FABHE 22 A Q (static) BF P S F o st A
oF gt} C APl T3 PyType_FromSpec () 48 AMS-3}
o] A5 A of| A= thFA] gkF U th

#define PY_SSIZE_T CLEAN
#include <Python.h>

typedef struct {

PyObject_HEAD

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

static PyTypeObject CustomType = {
PyVarObject_HEAD_INIT (NULL, 0)
.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
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static PyModuleDef custommodule = {
PyModuleDef_ HEAD_INIT,
.m_name = "custom",
.m_doc = "Example module that creates an extension type."
.m_size = -1,

bi

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

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

Py_INCREF (&CustomType) ;

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

return m;

o] A= gk ol vl ] oF & Zl o] WA v, o] A A3} v| st Kool 7| E vighuth o] 32 Al ZFAE B Tt
1. Custom Aol 3+ Z: CustomObject T+Z Aol 1, Z} Custom A2 E 2w} & 4 A o= U
2. Custom @& 25 W4 CustomType FXA| o|M, £ Astol 2 ¥F off Az 2B 7} HAAbshe= &

2o} g 220 A B Frh
3. custom BES 27|33 W PyInit_custom 42} # ¥ custommodule T+ A Y Y th

A A A

nl

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.

Z3l: pyObject_HEAD {32 & Awjgeo] stk 452 F718h: 4

Ast el B9 AT

=
N
lo
o
>
>,
fo
{117
4z

EE A= A O 8 ¥F PyObject_HEAD #&T 9o 7}t olHE AZAIF UL} o & S0,

I}ho] 4 floatsof] tf 3 A o] = v 25yt

Bl
AN
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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

Fu: A 2R e BE PyTypeObject BEE U E3 A 1 T o] A $AE A 22 o,

2] 9} o] C99 2~ EFY 2] 2] (designated) X 7] S AFE AF&-S= A o] 5 U

object.ho] 9l PyTypeObjectd AA| A= 99 AYHtiv B2 =& 25Utk YA Z=&=C
Agdeio] g 0oz AR, BRdA| grow WA H o7 A AHG5HA] k= Ao] ukE Juth

3wl 3 WeA whe o2 n gk

’ PyVarObject_HEAD_INIT (NULL, 0)

o] 22 oA AF3Fob_base BEE 27]3}87] 913 D5 ALY th

’.tp_name = "custom.Custom",

2] o) o) 2. o AL AR ) A= HAT A o 2] WAl Aol Lhehgh T o] & ol

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

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

Ol BEOSHEE W FY o|5& BEF 2= Fo2 7 EH o5 ¥l FYstHAL. o] A 2 E
L customo]d & customo]|&A], 2 custom.Custom® 2 A ATt} o] pydocT} pickle
[e]

3 =) 5
2o d
RENSIHHES S}E%Eﬂ AA Aor 39 Y2 E AR E AE3tE Aol TPt

o,
l(f

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

\HE ARE custon A0S UE ) ol o] BIR AL SE &5 AR S AT A
3]

Z: glol Mo A FL A
OF Aol 247} 92
gk 287 ¢fod

12, Po] wlo) 2P} 28 tp_basicsized 7HAH
jo] shol A A H ZeAE _ bases_ o o] F& WA }ds|of

W ﬂ%qq,EQﬂﬂAaEQE
tp_basicsize 3t %

E = . »O]Zﬂ'\% 017)}{9\12 U}‘—‘—O}——E‘ﬂ,
vl o]~ o] objectol Ak, 2EA] koW o] Ao ol W E $—7}‘ of 271 =7l W= uth
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Zd -~ Z8Y1E Py_TPFLAGS_DEFAULTE A A g Yt}

.tp_flags = Py_TPFLAGS_DEFAULT,

a1 gz;;oﬁo]:gqr,} Holx vlo] MW 33714 FoE RE AW E SA 3Tk
g Ze 15 OR sfj oF Pt

.tp_doc = PyDoc_STR("Custom objects"),

AA B3< 7hs oA st W, tp_new A 2] 7] & AlFdf oF FUth o] A Fto] M HIAE __new_ ()& F
SotAI R WAl A o = 2 A3l of ). o] A-f-olli=, APl 4 PyType_GenericNew () oA A| &3+ 7] &
;163 :1L¥}+§ltﬂlﬂ ol/\L]E+

’.tp_new = PyType_GenericNew, ‘

PyInit_custom() 2] 4F FE=E A6t 9td o] th& EE W82 o <5soF it

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

o] Z1& Custom = 27|3}st=H|, HFoll NULLE A4 3 ob_types Z3te], of 2 W& A H3 7] &

Fo= A Ytk

Py_INCREF (&CustomType) ;

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

)AL P2 BE AU o] 24Tk Custon ZeHAE TE 0] Custon ALHAE BE 5 9

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

o)A AR QU TH Fobglt AL WEshe AYYTH 919) TEES custom. cehe Ao P

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

o

£ setup.py®he FYol| ¥ ohF; th

$ python setup.py build

Ao A J=stH A B o e glo] 3} custom.soE A8 oF itk s F B 2l 2 o] 53] sfo]H s

A
A &8I Al L — import custom & 4= 131 Custom AA 2 = 4 JFUh

287 oA B UTH 1RA GhLhar
22, A7) Custom §& 2] 1 EA b5tk vl ol E 7 93 oL F AR 4 ebsUTh An Sz T

3 o] dYPMECFHLS AEs Y] e BF distutils BES Ho] A, AA AFE Al o A&
MF3L A #2]7F 2 E setuptools Bho]lHE 2l & AREShE o] FH UL o] AYE s WY
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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;

} CustomObiject;

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

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

CustomObject *self;

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

self->first = PyUnicode_FromString("");

if (self->first == NULL) {

Py_DECREF (self);
return NULL;

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

}
return (PyObject *) self;

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

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

28 Chapter 2. A4z =
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return -1;

if (first)

}

tmp =

self->first

{

&self->number))

self->first;
Py_INCREF (first);

first;

Py_XDECREF (tmp) ;

if (last)

}

tmp =

self->last

{

self->last;
Py_INCREF (last);

last;

Py_XDECREF (tmp) ;

return 0O;

static PyMemberDef Custom_members|[] = {
T_OBJECT_EX, offsetof (CustomObject, first), O,

bi

static PyObject *

{

{

{

{

"first",

"first name"},

"last", T_OBJECT_EX, offsetof (CustomObject, last), O,

"last name"},
T_INT,

"number",

offsetof (CustomObject, number), O,

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

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

{

if

}

if

}

(self->first

== NULL) {

PyErr_SetString (PyExc_AttributeError, "first");

return NULL;

(self->last

NULL) A

PyErr_SetString (PyExc_AttributeError, "last");

return NULL;

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

static PyMethodDef Custom_methods([] = {
"name", (PyCFunction) Custom_name, METH_NOARGS,
"Return the name, combining the first and last name"

bi

{

}
{

I4

NULL} /* Sentinel */

static PyTypeObject CustomType = {
PyVarObject_HEAD_INIT (NULL, O)

.tp_name =

.tp_doc =

.tp_basicsize
.tp_itemsize

.tp_flags

"custom2.Custom",
PyDoc_STR("Custom objects"),

sizeof (CustomObject),

Py_TPFLAGS_DEFAULT | Py TPFLAGS_BASETYPE,

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

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

.tp_methods = Custom_methods,
bi

static PyModuleDef custommodule = {
PyModuleDef_ HEAD_INIT,

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

bi

PyMODINIT_FUNC
PyInit_custom?2 (void)
{
PyObject *m;
if (PyType_Ready (&CustomType) < 0)
return NULL;

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

Py_INCREF (&CustomType) ;

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

return m;

ol Ao BEofl= o] 7HA WA AFZe] st

AN
a3 22 37 23 (include) & F 715 U o

#include <structmember.h>

o] 282 5o AHdhs AAH AEYHEE A3t dl AFSa= AAE 2
Custom &2 oA C FZA| 9 first, last D number2] AN 7}A] d] o] €] o) E ] R E 7} AH5UTY. firste} last 4=
ol EH AL xg3l+= vfo N%}“ﬂQﬂmmMﬁ g HEE=CASYYTH

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

} CustomObject;

ol Al &el g vl ol 7} 7] w2 oll, AA it & iAol &l ol Al oF FU T H4T & A
A= 22y
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static void
Custom_dealloc (CustomObject *self)
{
Py_XDECREF (self->first);
Py_XDECREF (self->last);
Py_TYPE (self) >tp_free ((PyObject *) self);

o] tp_dealloc WH ol ti B U

.tp_dealloc = (destructor) Custom_dealloc,

o] UﬂHCLUWTJJrOWOi FHES FX 3A4+E AF YTk Py _XDECREF () + AXA}7F NULL S

A% (tp_new”Z} F2kol Asfjstd AT + JdFUhE Sul2A Ak 29 o3 AA 3§
(Py_TYPE (self) & ﬂl*&ﬁa}»] th e tp_free WHE TE5t0] 7 xﬂ«l U11 g & AT YT AA 3o
CustomType©] obd 4= 2ol FIFAHAN L, AA= AE S22 A28 Ad 5 Q7] W EJ Ut

ZF31: CustomObiject * QAE FHI}IEH Custom_deallocS ALY AR W tp_dealloc T4 EQAE &=
PyObject * QIA}E WZ A0 2 7|t 37| wf £l 92| destructorZ9] ‘ﬂ/\] A Mre7F 223U
297 o, Atdelel A Farh B gt ol ol C2 3t A A% 34 Y ch
el AT olgol Bl FAERE 273 E =5 1oL A oj A, tp_new TS AlFFUTH
static PyObject *
Custom_new (PyTypeObject *type, PyObject *args, PyObject *kwds)
{
CustomObject *self;
self = (CustomObject *) type->tp_alloc(type, 0);
if (self != NULL) {
self->first = PyUnicode_FromString("");
if (self->first == NULL) {
Py_DECREF (self);
return NULL;
}
self->last = PyUnicode_FromString("");
if (self->last == NULL) {
Py_DECREF (self) ;
return NULL;
}
self->number = 0;
}
return (PyObject *) self;
i
23 T2 tp_new WH o A}
.tp_new = Custom_new,
tp_new )71 Fe) ARE (Z7)3ksk dhu)shel) A B A QS Fuch shol WA _new () A

T2 eE2YYTh tp new ¥ E AT de=glon, AAE B FFHL 99 custom “3«] &4 H Y
WA A A H PyType_GenericNew () & AHAHE 8171 RF U Th A F-2, tp_new A 2] 7] & AR&-5to] first
2} last JEZHEE NULLY] obd 7| &g o g2 27|53 T

tp_newe AR H = FKAE FHAT7EAAHA 3 HHEH, JEEA] Cu tomType 1 d8 &= glsyth
HFPol T2 u] AEH BE ARV ALGHY, s A2~ E e 210 2 7|t Uth tp_new
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A 7€ 4 AR 7|9 E AAE ol ol A vk $F AAE FA AL AAF A 2l E 2713 (CE tp_init
wabole] _init ) Wi ECNA E AT

Z31: A zZ eI A H & AolgtA, tp_news HA|HA O Z tp_initE &34 ¢k FH Ut

tp_new 7+ tp_alloc €X% = Tt W2 &

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

m 2] o] A = 9lojA], Y7 Aol tp_alloc A37FNULLO] obd #] 2ls] oF Tt

A3 A kst Al PyType Ready() 7} o~ Zej s (7] R A
F<&3to] o] & XHleJE}_tH Hol 2 7|1 d) Azke ALL st}

F3: L8 E=tp _allocsERe
¥
o

© % object YU ThH A

23 F tp_new(H ]i 19 tp_newl_ _new_ ()% i%ﬁ}% Zi)% U= A, A AT
AR A E ARt ST WA EE ARSI 51A] Fotok 2
Ast, 142 tp_news X];ﬁ,_Lq_type >tp_base->tp_new

CHE Shol A o FHAE L5 o 8 B shol A H Fejash Snt= Al AE 5 4 5
(53, TypeError® 94 koA, ol2|dt A2 Feh2o) ALRAS BEA £¥ S & Th)

o

A" 2Agke Alwste JAE Botsole 2713 4= ZoFth

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

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

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

}

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

}

return 0O;

O] AC & tp_init €& Atk

.tp_init = (initproc) Custom_init,
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tp_new A2 719} e, tp_init7h ool $55 A 92 £ % YEUTHEIE ol pickle BEL /EA0
29329 dadadl _init_ (T 2254 @S, olg ¥ 329 25 dauth SR 9
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Folafok gtk ol & Eof rirst WE 133} 2ol skl & 4 Y&tk

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

}

AT o AL FFYYTE $2l YL rirse Wuo Y AWSA ghobd, BE SR AN D+ A%
o). first Mool AH 2T AR S TEL Y £5 S S A7k S £ AEUTh EE ok A}
o] dEmelE £ AL b A=A A o] AT £ AT Aol o BEA AFHES &
2 9l Ut}
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o

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

bi

133 tp_members % Ao E 5yt

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

}

if (self->last == NULL) {
PyErr_SetString (PyExc_AttributeError,
return NULL;

}

return PyUnicode_FromFormat ("$S %S",

self->first,

"first");

"last");

self->last);

o] HIA =+ Custom (B Custom A B Z ) AAHAE A WA AALZ Hel=C T E?—Uﬂ%\%\:} |
MEv Fd Q2B A5 3 HA AR F P Uﬂ/ﬂ =22 929 7)Y E AT H A Ul o] Aol =
OFF A= HokA eobA 92 AAF FEolU 7| E AR YA S ot d 2 flsyth o Uﬂ/ﬂ‘:L
ohe 3} 28 ol A v A =9k 55 g o
def name (self):

return " " % (self.first, self.last)
first® last W Z7FNULLY 7hs A& 2l el oF ol fol st Al 2. AHAI S 4= 91 7] w2 I u], ool NULL
= 29I 0 oA ol E e A E YAt ol el e @e wALE ABsE Aol H T
o Aol A o] & 5B P v A%
oAl M EE B AF U A= Fo Wi 2= vhEofoF Y th:
static PyMethodDef Custom_methods[] = {

{"name", (PyCFunction) Custom_name, METH_NOARGS,

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

by

{NULL} /* Sentinel */
bi
(-7-8l= METH_NOARGS & 15 AH§-3Fo] WA =7} self 0] 2] 9] JAAE 71t o1A] e=2 Vb2l 2] 5t
ML)
I8 tp_methods €5 A g &Y ch:
.tp_methods = Custom_methods,
mpR o 2, 22e o AE S wolx SaE AT 5 A e Ad U e AF7HA
Tt ol A 7%1%/«%"&; A= A2l el hsh 7} J& oA == vIA=E FYA A4 BFUH 1A
Ze 2 Zd 2 Jo ol Py_TPFLAGS_BASETYPES F 713179 31 FHUth

.tp_flags = Py_TPFLAGS_DEFAULT | Py_TPFLAGS_BASETYPE,
PyInit_custom()9 ¢]E& PyInit_custom2 () & B4, PyModuleDef FZA|o|A 2 E o] EE 7841
Stal, PyTypeObject T2 Ao A AA| Sef & o] 55 741 Th
npA o 2 R ES WESH] 938l setup.py LS AT
from distutils.core import setup, Extension
setup (name="custom", version="1.0",
ext_modules=[
Extension("custom", ["custom.c"]),
Extension("custom2", ["custom2.c"]),

1)
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o] A Aol i, Custon el Ao A £irst 9} last o= HE7F 445 & B4 o AD5A Ao Gtk
o7 WA REANL, AEA WS rirst st lastE EAFA o] obd o2 AAFAL AT S5
A5tk o] o EFHES A EAC) EFHES 51 A5

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

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

} CustomObiject;

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

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

CustomObject *self;

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

self->first = PyUnicode_FromString("");

if (self->first == NULL) {

Py_DECREF (self);
return NULL;

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

}
return (PyObject *) self;

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

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

if (first) {

(TH& ST Aol A1)
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tmp = self->first;
Py_INCREF (first);
self->first = first;
Py_DECREF (tmp) ;

;

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

;

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

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)

3 Chapter 2. A7t =7 10| 873 ¥HE7]
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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 = wvalue;
Py_DECREF (tmp) ;
return 0;

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

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

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

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

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

bi

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

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

.tp_methods = Custom_methods,
.tp_getset = Custom_getsetters,
bi

static PyModuleDef custommodule = {
PyModuleDef_ HEAD_INIT,

(=

S o] Aol A%
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.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;

firstshlast ol S HES o B 0 Aol 3] 9o, A8 4] AL (getten 9 AE] Getter) 858
AEHU first JERES /A 23 AT Tt B} 2tk

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

|
>
A}

A B (getter) 401 = Custom 24 9} “2 2 4] (closure)”(void E V) 7L AZH U} o] 4%, S22 AL
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Utk (224 = 3] dlo] 8 7} AlH (getter) & Al B (setter) 2 AEH = A7 AHEH S AT A€ =91,
SEZA Y dlolE o 7|ste] 7t L AU AT o ERREE 2 st &Y A H (getter) 2F Al H (setter) T

AgHe 7hsa )

Aﬂ E1 (setter) el = Custom A A, A} gk B Z2 A (closure) 7} 4
AL ol EgHE T} AR F U th Al E (setter) o] A, S8 = o] E T H
ol 2 & WA Ao,

PyGetSetDef 7£Z A9 vl ES W5 Y t}:

g uth Al g noLnd 5 gler,
EZFAA

A A ghol &R o] of

zhed

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

183l tp_getset £X°l T5ThH:

.tp_getset = Custom_getsetters,

PyGetSetDef FX A9 upA 2t FEL2 oA AFe“FEZAYUT} o] A9, S EAE AHGSHA] ghotbAl,
NULLRF A &g h

Rt ol2Rt o EFREC thgt W o & Al AT T

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

EEAIN ALGHES tp_init A 27]E A of Ttk

Mo

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

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

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

3

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

3924 ol Al first S} last WM 7F BApolehs 22 Q3 Qlold, B2 A5 E Folt Ul € AT+ YAW, Sl BAL A0
Zo)20) JAHAE Pl E YU AW EALL B AATFE 0] S2l AN T EEH AL Grivks, BAG AH o) 2ol
A28 AE B SASHE Aol AME A EE5 A Fetha L3F 5 gtk
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self->last = last;
Py_DECREF (tmp) ;
}

return 0;
}
oleg WS Fal, first 9 last W7} Ar nurro] opy b A 4 Qlof A, 7o) BE A 9o NuLL
FAANE AAT S Y5k o) A2 Bl E 9 py_XDECREF () $%°] Py_DECREF () & & W3d ¢
A2 ougUrt o2} TES HAT F Q= 793 F4Etp _dealloc FHOA ], tp_newol A
ol Wo] 2737 ANHYL 7tsA ol Y5t
S5k o) A3} WA 2, 2715 Bpol A 2 2719 B9} B E o5& T, setup.py L F7}
Ao g F7rUn

% 357000 ol d HE BH LA AN E BT 5 Q=8 b7
AL ARt E ) Fol Tl Ao 5= 9] = )

)3
°
2
NNJ

>>> 1 = []
>>> 1.append(l)
>>> del 1

o] o A, AN & E 3= B AEE WEUTh 2B = ol 3] AHA| 27 dsuth Fx 3Tt 0e R
o] A7) ek th hI AR AR, sto] W] &3 7Ha| 2] A7) & A= 2| AE7F M A S Rl ekl 3
ik

Custom o A1 &] & HA WA ME, BE FF AAS firstUlast B HE AZETF JPHFUTH.
ATk7h = AR} Al A M A A=, CustomE A B FeA T 5 AN AE Fefae= ¢
EE 2718 4 Q& Ut o] T 71X o] F o]n A O Z T custom AA| = 3 FolE QS

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

>>> n = Derived()

>>> n.some_attribute = n
T3 GC7T A2 8o FdlE Custom A2EHAE Evl2 A A8 - 5 JEF, Custom P2 F
Ne F7FEES A oyt E2S ATt S 1 E g3l oF Tt

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

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

} CustomObiject;

static int
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Custom_traverse (CustomObject *self,
{

Py_VISIT(self->first);

Py_VISIT (self->last);

return 0;

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

static void

Custom_dealloc (CustomObject *self)

{
PyObject_GC_UnTrack (self);
Custom_clear (self);
Py_TYPE (self)>tp_free ((PyObject *)

static PyObject *
Custom_new (PyTypeObject *type,
{
CustomObject *self;
self
if (self != NULL)
self->first
if (self->first NULL)
Py_DECREF (self);
return NULL;

{

{

}

self->last

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

{

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

static int
Custom_init (CustomObject *self,

{

visitproc visit,

PyObject *args,

(CustomObject *) type->tp_alloc(type,

PyObject *args,

void *argqg)

self);

PyObject *kwds)

0);

PyUnicode_FromString("");

PyUnicode_FromString("");

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) {
(TF= seTAT ol AI%)
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tmp = self->first;
Py_INCREF (first);
self->first = first;
Py_DECREF (tmp) ;

;

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

;

return 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, wvoid *closure)

{
if (value == NULL) {

return -1;
}
if (!PyUnicode_Check (value)) {
PyErr_SetString (PyExc_TypeError,
"The first attribute value must be a string");
return -1;
}
Py_INCREF (value);
Py_CLEAR(self->first);
self->first = value;
return 0;

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

Py_INCREF (self->last);

return self->last;

static int
Custom_setlast (CustomObject *self, PyObject *value, void *closure)

{
if (value == NULL) {

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

42 Chapter 2. A}z = glo] &7 1t
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PyErr_SetString (PyExc_TypeError, "Cannot delete the last attribute");
return -1;
}
if (!PyUnicode_Check (value)) {
PyErr_SetString (PyExc_TypeError,
"The last attribute value must be a string");
return -1;
}
Py_INCREF (value);
Py_CLEAR(self->last);
self->last = value;

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

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

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

return PyUnicode_FromFormat ("%S %S", self->first, self->last);
}
static PyMethodDef Custom_methods[] = {

{"name", (PyCFunction) Custom_name, METH_NOARGS,

"Return the name, combining the first and last name"
}
{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.",

I4
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.m_size = -1,

bi

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

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

Py_INCREF (&CustomType) ;

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

return m;

A, B (traversal) Pl = €8 GC7F ol Fol@ 4 e AR Aol thall & 5 I =5 Frth:

N

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

return 0O;

-

S8 FolT 5 Yt 24 AH A ohs) B A So) AYH & visit () B4E BEoF ULk
visit () GHE AN AR G v A o) AL F7} Ak arg AAHE AR A Gk 00] obd S
HHEs of Sht g% ghS AT o)

spol W2 visit I TE 5 A ShSh= Py_VISIT() MARE Ale @Ytk Py _VISIT() & AHS3HH,
Custom_traverseo| A & *S FH 43 4 Jd5yh:

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

Py_VISIT(self->first);

Py_VISIT (self->last);

return 0;
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Z3: Py _VISIT() & A838 ™ tp_traverse A A AR} o] &L visitT} argE A &-35HA A A 3] of
3o,

=A, T2l AT+ e AE AAE Af= WAEES A8l oF Futt:

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

Py_CLEAR ( Uﬁﬂi Abgo FEIAHAAL. F2 IAFTE SolHA A F HolH AJERHEE A=
4= OW St HF U th NULLEZ A A 37 Aol oJE8]HE A Py_XDECREF () & th4l SE3 oW,
01 g HE] JMZVM JgHEE EM e FE(E3 FX ol Jod)E YA &EF 749l

s ohe ) 2ol 243kl py_CLEAR () € ol &80l 2 & 5 yth:

PyObject *tmp;

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

I8 %, JESHREE AT u] 4 Py _CLEAR() & AR3717F 2 g o g7 5 Utk A S
S| A A MU e F A S5 A= 3HA] upA] Al 2!

5‘1";]';]]11]7] Custom_dealloc2 JJEZHEE A& v 4o F=5 5&5T 4+ A5y o=
AN =2 GC7tEYA E = AL vtk GC+= F=x ;\—r7]'0°] ofuetal 744 7] wiEell,
WE 2-97] Aol PyObject_GC_UnTrack () & &3] GCollA| AAE F4 3 A 3f) oF ] th.

PyObject_GC_UnTrack () I Custom_clearE AFRSl] ThA] 28 H &3 s A 71 Y t}:

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

nx| 2t o 2 Py _TPFLAGS_HAVE_GC ZH1E ZFHA Ze1o)] 27}

.tp_flags = Py_TPFLAGS_DEFAULT | Py_TPFLAGS_BASETYPE | Py_TPFLAGS_HAVE_GC,

79) e A5 U Th 48249 tp_allocolthtp_free A2l S AYBOW, 8 1A £ AZ 93 o &
SRk Th B R o) B3 L A5 oz AFH WAL AT
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71E QoA shE A AFF S O 5 AsUTh FFo]l 22U PyTypedbject & GA AHE T 5
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Slelelde g 1ise J& 44 TE sublist I UFU MLE G2 AW AAE0} S5 28417
U H 7FEE & 271X 7] & 37} increment () HIAE7} 51U T}

>>> import sublist

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

>>> print (len(s))

6

>>> print (s.increment ())

1

>>> print (s.increment ())

2

#define PY_SSIZE_T_ CLEAN
#include <Python.h>

typedef struct {
PyListObject list;
int state;

} SubListObject;

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

self->state++;

return PylLong_FromLong(self->state);

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

bi

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

static PyTypeObject SubListType = {
PyVarObject_HEAD_INIT (NULL, 0)
.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,
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.tp_methods = SubList_methods,
bi

static PyModuleDef sublistmodule = {
PyModuleDef_HEAD_INIT,

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

bi

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

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

Py_INCREF (s&SubListType) ;

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

return m;

—~

)
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typedef struct {
PyListObject list;
int state;

} SubListObject;

S A7) 2] F2 Aol WL wlol 27 e] AR F2AZL A WA ghololof stk A YUt wlo] 2P L o] ]
FZA9) A7 o] Pyobject _HEAD () & 23Ut

gtol W AR 7k subList A2HA L ), Pyobject * EEE PyListObject *9} SublistObject *
REE A ALY 5 Ak

static int
SubList_init (SubListObject *self, PyObject *args, PyObject *kwds)
{
if (PyList_Type.tp_init ((PyObject *) self, args, kwds) < 0)
return -1;
self->state = 0;
return 0O;
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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 () & £&3}7] Ao, § F2A ol tp_base €Fo] YA JojorFUth 7|& F A
u], PyType_GenericNew ()  tp_alloc €52 A& 8+ dFUth-woj2g e &9 u¢7m}$
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o] AAE FRY S Ut TR W WA= TR0 S Ao thal Fol B2 AT AT AUk
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;
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/* Method suites for standard classes */

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

/* More standard operations (here for binary compatibility)

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

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

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

const char *tp_doc; /* Documentation string */

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

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

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

/* weak reference enabler */
Py_ssize_t tp_weaklistoffset;

/* Iterators */
getiterfunc tp_iter;
iternextfunc tp_iternext;

/* Attribute descriptor and subclassing stuff */
struct PyMethodDef *tp_methods;
struct PyMemberDef *tp_members;
struct PyGetSetDef *tp_getset;

*/

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

struct _typeobject *tp_base;

PyObject *tp_dict;

descrgetfunc tp_descr_get;

descrsetfunc tp_descr_set;

Py_ssize_t tp_dictoffset;

initproc tp_init;

allocfunc tp_alloc;

newfunc tp_new;

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

(FF= sl el Aol AI%)
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PyObject *tp_mro; /* method resolution order */
PyObject *tp_cache;

PyObject *tp_subclasses;

PyObject *tp_weaklist;

destructor tp_del;

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

destructor tp_finalize;
vectorcallfunc tp_vectorcall;
} PyTypeObject;

oA WA =7} ok WU Th UF A5 nhg Al e - o stelt Fol o, o] F AR T AL Ths
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’const char *tp_name; /* For printing */

B 1% ol 3ol ATz, oA oI RN HERFED, AL AL AU TAT AL

’Py_ssize_t tp_basicsize, tp_itemsize; /* For allocation */ ‘
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const char *tp_doc;
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’destructor tp_dealloc;
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static void
newdatatype_dealloc (newdatatypeobject *obj)
{
free (obj—->obj_UnderlyingDatatypePtr);
Py_TYPE (obj) —>tp_free ((PyObject *)ob7j);

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

PyObject_GC_UnTrack (obj) ;

Py_CLEAR (obj->other_obj);

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

GG AA G5 FLB 2T AF T ks AR 59 9B I A Folof Brks AP o
Hzele 7} shol A 9L g W) @Y A /7 A% 5E5 7] wjRe] FRAUTH 29o] (FA A
whgho] obul) o9 = ols) {4 wl, @ A /7 o9l 7k o v] Ao} A e FF YES e AL
FEAE 5 A FEUTh TF HA 7 S A £7hvhol A IEALYE £ AR s L EAE
97 AR SE FAL 5 AFUTh ot ABZH EFHES T 5 YT o & A
SulE whg e A EHA ke 2XE 2A Y] Aol AR F oI9S ASn dusH BAsE AQu,

PyErr_Fetch () & PyErr_Restore () & AHEst 388 4 sy th

static void

my_dealloc (PyObject *obj)

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

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

/* 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;

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

Yt

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

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 A2 7= str () ol tlg Ao) T, 9ol A3 tp_repr 212 7]} repr () 7] A 9 2L BA Y
Utk &, ool A 2=k A7) A8 A0 A str ()& 52 0] $2FUTH PAL tp_repr 359 1]
SABA T, AT BALL AFgro] A&7 93 AT tp_stre AR A ko, tp_repr A2 77
o4l AH2H Ut

R e IE=E

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

23.3 oJEZHE AT

JEYREES ANL 4 Y= BE AR o] thal, P 4L o] =) H =7} A = (resolved) B L Ao} 5
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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;

VA V4

getattrofunc tp_getattro; /* PyObject * version */

setattrofunc tp_setattro;

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

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

typedef struct PyMethodDef {

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

const char *ml_doc; /* docstring */

} PyMethodDef;

Fol A AT £ 2w Aol sl Shte] 52 Gelshof Gtk o] 2Pl A FEE H A =0 = B ol
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typedef struct PyMemberDef ({
const char *name;

int type;
int offset;
int flags;

const char *doc;
} PyMemberDef;
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T B
READONLY £ T sk
PY_AUDIT_READ | Emitan object.__getattr___ audit events before reading.

WA 3.100] A ¥ 73 : 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.

tp_members H o] 8- Ab§oto] A8 A7k AL H = UATHEE 5= 29 SHEL o] ZHL 9]
o g HoE BRE JEYHET GE] H ol B HAEE A Fts Aoz AddE S2EFH %
A= AUt &8 == 12 W Z A (introspection) APIE AM-&-81o] Fef 2 AR oA T3 HH
AN, 339 __doc__ o|ERREE A SAEYL IS+ dyt
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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 A 7] QAo JAEZRHE 27l Fo& u] TSP Utk Ze 29 _ getattr_ () WA
T EEEE AT 2L AgoA &P UL

o+ vt 2sUth

static PyObject *
newdatatype_getattr (newdatatypeobject *obj, char *name)
{

if (strcmp(name, "data") == 0)

{
return Pylong_FromLong (obj->data);

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

return NULL;

tp_setattr ﬂfﬂﬂ%% A OIAEAS getattr ()oY delattr () WHIAEZIEZEIE U
AUt A ERFEE AA S oF 314, Al A vl 7} ‘_—|—‘_NULL0] Hyth o2 ¢e3] o] & A A
o JuUth; o] A o] ;qmi ool Yt AR e, tp_setattr 8] 7]= NULLE A& o] oF It

static int
newdatatype_setattr (newdatatypeobject *obj, char *name, PyObject *v)
{

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

tp_richcompare A g|7|=8lu7l 22w &gk 22 FHES v WA =0 5l gt
H, PyObject_RichCompare () £} PyObject RlchCompareBool () o 9N E == Uk

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

WR zelEle] 2717 2o prin Eake dolH Yo tig A4S FAL et 2oy

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

PyObject *result;

int ¢, sizel, size2;

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

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

switch (op) {

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

}

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

return result;
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PyNumberMethods *tp_as_number;
PySequenceMethods *tp_as_sequence;
PyMappingMethods *tp_as_mapping;
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hashfunc tp_hash;
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static Py_hash_t
newdatatype_hash (newdatatypeobject *obj)
{

Py_hash_t result;

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

return result;

Py_hash_t¥ Z &0 ulgt W= uo B35 9= A5 P YUt tp_hashoA -1& ¥i3tetd o2l &
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ternaryfunc tp_call;
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static PyObject *
newdatatype_call (newdatatypeobject *self, PyObject *args, PyObject *kwds)
{

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

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

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

obj->obj_UnderlyingDatatypePtr->size,
argl, arg2, arg3);
return result;
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/* Iterators */
getiterfunc tp_iter;
iternextfunc tp_iternext;
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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).
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typedef struct {

PyObject_HEAD

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

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),
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static void
Trivial_dealloc(TrivialObject *self)

{

/* Clear weakrefs first before calling any destructors */

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

Py_TYPE (self)->tp_free ((PyObject *) self);
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if (!PyObject_TypeCheck (some_object, &MyType)) |
PyErr_SetString (PyExc_TypeError, "arg #1 not a mything");
return NULL;
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PyObject *PyInit_modulename (void)

It returns either a fully initialized module, or a PyModuleDef instance. See initializing-modules for details.
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def initfunc_name (name) :

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

return b'PyInit' + suffix
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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])
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from distutils.core import setup, Extension

modulel = Extension('demo',
define_macros = [ ('MAJOR_VERSION', '1'"),
("MINOR_VERSION', '0')1,
include_dirs = ['/usr/local/include'],
libraries = ['tcl83'],
library_dirs = ['/usr/local/lib'],
sources = ['demo.c'])
setup (name = 'PackageName',
version = '1.0",
description = 'This is a demo package',
author = 'Martin v. Loewis',
author_email = 'martin@v.loewis.de',
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url = 'https://docs.python.org/extending/building’,
long_description = """
This is really just a demo package.
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gcc -DNDEBUG —-g -03 -Wall -Wstrict-prototypes —-fPIC -DMAJOR_VERSION=1 -DMINOR_
—VERSION=0 -I/usr/local/include -I/usr/local/include/python2.2 -c demo.c -o build/
—temp.linux-1686-2.2/demo.o

gcc -shared build/temp.linux-i686-2.2/demo.o -L/usr/local/lib -1tcl83 -o build/lib.
—1linux-1686-2.2/demo.so
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python setup.py bdist_rpm
python setup.py bdist_dumb
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2.5.3 DLLS A A2 A}83}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 o)A DLLS %+& ulf, pythonXY.1libES 3 Ao A&soF gttt F 7§ 2] DLL, spam &} (spam o] 1=
C+E AEHOINE NES Y, T YL S 5 A5t

cl /LD /I/python/include spam.c ../libs/pythonXY.lib
cl /LD /I/python/include ni.c spam.lib ../libs/pythonXY.lib
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#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;
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#define PY _SSIZE_T CLEAN
#include <Python.h>

int

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

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

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

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

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

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

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

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

return O;

-~

O

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

A sE2d Ut A
# 28 callolgty

Q

def multiply(a,b):

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

2w A3 The 3 otk T Th:

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

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

Py_Initialize();

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

EZ P HE 27|33 &, AT YPE = PyImport_Import () & AFE3lo] ZE=H YT} o] £ EH L QA Z
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Jpol £AE S & 7-38F=Hl, PyUnicode_FromString () HolH W& FHES AHEste] /449 Yt

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

if (pFunc && PyCallable_Check (pFunc)) {

}
Py_XDECREF (pFunc) ;

Qg 2agEst 2EgY, 997 23 e ol .k
o, ol g o] EA 5k, Wk A 7L 2o Eolw, 10] dret hAsA 44T S+ &k 19 o
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pValue = PyObject_CallObject (pFunc, pArgs);

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

3.1.4 U ZH sho] A& B35}

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

static int numargs=0;

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

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

bi

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

bi

static PyObject*
PyInit_emb (void)
{
return PyModule_Create (&EmbModule) ;

3. he -8 222 Yo] shold WYt po
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b
fof
e
2
=2
i)
o
ol
Sl

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

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

O

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

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

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

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

o] M€ Cot 22 280 35 A% e T Th ol 0] ol DA ST EAE ALEH Crr 280 A
Aol el g Uth QAo E CrrZ el 22 19 e Ao, Cor AT Ae]E A oto] U
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| E3] sho]fo] Al Al F2H C 54 HA(.s0 3 07 TAH ho] Hee)
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JE Zowd, A dx9 dF = AAH pythonx.Y-config ATHEE
p3-config A2YEE AHE b5 T 4 AR UITh o) 22U =l o1 410
L oy B AAH §L3 AT}

* pythonX.Y-config —-cflagst A3 S o] A% FH1E AFFUch:
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$ /opt/bin/python3.11-config —--cflags
-I/opt/include/python3.11 -I/opt/include/python3.11 -Wsign-compare -DNDEBUG -g -
—fwrapv -03 -Wall

pythonX.Y-config --1dflags --embed will give you the recommended flags when linking:

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

3 olg vfo]l A A 71 (53] AlaEl sto] M) of g o] X At st fo] A 7he]) E-g ¥ e,
H-J °Eﬂﬂ Zro] pythonX.Y-config? At A2 & AR 3= 2ol 54U
o] AA7t ol g Hel AE A et (RE Y2 AE SR FoNA st A2 BAE A G5UTh

SHAI T W 1 H 315 #H) ?J‘l/]‘:}) A Ao A A ~HY APAE Y= A/ oL} Fo] K Makefiled}
(ZYAE oW sysconfig.get_makefile_filename () S AFRSAAI L) ASY S-S AA oF
Ut oluf], sysconfig RES Ay 0] Z2F3H = T S =22 YA &= d 783

=Ryt ol & Bl
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>>> import sysconfig

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

>>> sysconfig.get_config_var ('LINKFORSHARED')
'-Xlinker -export-dynamic'

w
ol
i
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>>> t)54 Aol 7|8 shold ZEZE. Az el A Yo WD 4 I L= clol A A5 2
IRcAR]EN

T Re B A 4 gyt
s Folzy] E ME B2 NS QT W, HS o) TE TRA (B, YDE, FBE) %] A=

2t03 = & glol| BB golA 1ib2to3 E Al FE Y
scripts/2to3 & A& Ut} 2to3-reference S H A Q.

abstract base class (F74} H o] 2 el &) FA W o]~ F At hasattr () T2 UEHIYE0] 5446]-741/]—
B HA ZEE (& 0, A MM E) A, AEHA o] A E HY st HS AT T o =N o Elo]
< B3t ABC+= 7HE A B %\’ﬂ’\ E 5t SN2 ASHA O UAE isinstance ()
S} issubclass () o o8 A2 5 %—E’-Eﬁé%"‘b}l‘%, abc 25 AWAE HA L. o] xol= g
2 W ABC Eo] et &t th23 22 AE0] dFUth A5 F X (collections.abe BREAA),
At (numbers BEA]), 2EF (io EENA), YZE 312} 29 (importlib.abc RE | A]).
abc ZES AFESIA A4l THe] ABCE T 5 54T

annotation (o] = E|o]A) TFo el & SIE 2 ALHE WS, ZUY2JEYRE =& ¢ oiHs U
ke Zh A A E Fol &Yyt
A g2 o mH| o] -2 A Al Thof] AM AT = glA] gl 2 o

e A2+ g, Ze 2, 49 _ annotations. EF AEZH

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 (¢12) 42 35T sl (E= D) 2 AYEE= L 5

5
e 719 = 2l Z]- (keyword argument): 5= i% u:H A1 217} QFof| B2 o]} (of %o], name=) = **
E Yol 2 9Mv = Zﬂ%ﬂ“ 12} o & S, o} 22 complex () &&°A 335 =
E——r 7] JE A2 Y T}



https://www.python.org/dev/peps/pep-0484
https://www.python.org/dev/peps/pep-0526

Extending and Embedding Python, & ] 8] 3.10.13

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

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

QA= 34wl o] o] & 22 Ao 4o B9 H YT o thgle] A 8% 72 Sl a4 calls B
1vMa%@@gzﬂﬁgﬁ&ﬂﬂﬂ43ﬂﬁ%¢-%ﬂﬁ%%ﬂﬁaqﬂaﬁ¢ﬂmﬂ%uw
|l vi 7 FETFAQ A& AR} v | W 42o] Ao] 2} PEP 3625 H A 8.

asynchronous context manager (W] 5 7] YA E #2]2}) _ aenter_ () & _ aexit_ () HAE=E A9
3O Z M async with FojA B ]% A4S A olst= 24 PEP 4922 = UEH AH 141’/}.

asynchronous generator (8] 7] Al g o|€]) v]5 7] A& o] o]E & o8 & 85+ T async def
EAYHE=IFZH T HH Hol=t,async for FEVIAIRL T T A= dHY FES UEE=vield
EAAS TRRnE Aol U
B3 uE7] A el & 7el 71 AR ofd EH o A= v]F 7] Alq ol H olE g o]H & 7t K]
Utk )% b o )7 Wakeba) g Ao r, A o8 A BEghe T
B]% 7] AlF @ o)y &4+ await EAAT, asyne for 3} asyne with & 288 4 54}

asynchronous generator iterator (B]% 7] AU & o] €] o]e]&|o]€]) v]5 7] Ay o g 71 vt A A,

H]E 7] ol Elg[ o] Q] __anext_ () & &&3tH olflolHE AAE EHF 1L, ] A2 th5 yield

84 744 0 57] A Elo B g4l vl & AT,
Zyiclat YNHOZ QelS FAT, 1A (9 455 B/ FAuy-FES TRE) 49
FHE 71U vlE 7] Aol ¥ o]H el o] ¥ 7} __anext_ () =
22 ANEE, w3 2oz BTt PEP 4929} PEP 5255 H A 2.

asynchronous iterable (W] 5 7] o|E] 2] &) async for oA AF2E 4 A= AA. _ aiter_ () WA EE
vl 7] olElelol e & FeF o &y th PEP 492 & == 5t

asynchronous iterator (W] 5 7] o]e]g|o]¥]) __aiter_ () & _ _anext_ () HIANEE F = AA.
__anext__ = ol olgHE AAE S FHoF TgY D]— async for+ StopAsyncIteration o &7}
At w) 712) ¥ 5 7] ol Bl @l o] E 2] __anext_ () WIAEZ B FE oo HES FUth PEP
49282 =AF S YT

attribute (] E 2] E) A value associated with an object which is usually referenced by name using dotted expressions.
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] Qlo]E]8) await T H Ao AFLE 5 = AA|. ZFE o]y __await_ () WA E=E 7}A
AA7FE 4 A5 YTh PEP 4925 H A 2.

BDFL #}H] 2% &A1 =) 2} (Benevolent Dictator For Life), = Guido van Rossum, 3}o] 21 2] A A},

binary file (o] 2] sFel) ol =5 2458 93 & 4 gl 519 A vhol el o] o2 who]]
2] BE ('rb', 'wb' E¥E 'rb+') & €9 3}4Y, sys.stdin.buffer, sys.stdout.buffer, io.
BytesIO_‘?}gZLp.GleFlleJ AAHAE

str AAE 912 4 ik o AAlol B A L € A= 5 E FR AL
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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 strong reference to the object and so destroy it.

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

bytes-like object (B} o] E Q& A A)]) bufferobjects & X QU311 C-A1<5 HHE <9
3= memoryv1ew AAESL EEOL bytes bytearray, array.arr =L .
AR AHE-2 upo] m FRIEE SR ool A el A8 Sl 9 e
J}Olixiﬂ 2~ AL e AS ]ol_qr/]_

Zl
S0 9 ool 2] Sl 171 71 2 27 145 o1 €1 Aol 4% B <5l

 dd e

SRS
]

o|EQF AR et
A

33U 71 w3 AA < Oﬂi bytearray El—bytearray.J memoryv1ew
}OV\L]‘_/} O A2 vtolv g dlolH 7 B AA] (“917] A& vlo] EG R/ AA”) ol AFHE
278Ut olA A9 dlZ & bytes®bytes 7“21]-4 memoryview 7} 01’\\4\3}.
bytecode (H} o] E F &) .E]-OM*j A FEEdlolE FEZ AulYE =1, CPython Q1 E] L 2] o] A 1}0]

»y
sl A% R AGU T, ol & B EE pye shale] AA o), 26 HAE T A A9
5 web ) A BhE U o) (420l 4] Hhol £ S E R o A AT S HE 4 Aa U Th, of 57 Aol = 2t
uho] & 3= ofl t) S5l 7] A1 S AR el 74k 7] A ol A AR BT BT Hlo] = =L A T2
o)W 744k ) Aol A A58 Ao 2 A|thel A, shol M u)E 7hell b4 Ao A= ke Ao 224l of
.

ulo| = 3= WejolSe] B2 dis BE APA e LU

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 implements the __call__ ()
method is also a callable.

callback (29)) Atz AL = vjef o o] = Aol APgd HH Fd =,

dass (ZU L) AHEA A AASS BV AL . SR A= BT U2 drdAE o=
Axbste MM E Bl S 2T
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A U0 olE] AE2EA 9E 4 O] DH2E WG9 F EEE FAA WF P2zl
HEE F438= A YUth contextvarsg FRIAA L

contiguous (%) W 3= A &S| C-A <5 (C-contiguous) ©) 71 U EE 2+ A £ (Fortran contiguous) 2 W) A< o]kl
A 100, 5o A0l s G o 9 WG G AT & A o] At
a1, 09 A Al &ahs 252k Q) ‘“’\-/] TAHE W B2 2o v x| =] of of F T}, thabd C-A < v Foll A,
52 FA SR GRES P VAo AU WS, AT e A
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7k 74 whe] W ok

dtste P YUk A BFHLE 3
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AR FEFUT. 258
async def £o02 73
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El

coroutine function (Z £ €l %) F 28 A E ST 4. ZFEH T4 = async def FOo2 AoH ¢
91, await @ async forQtasync w1th 7] l_% F3E = QG5 Yt} o] AE-2 PEP 492 of 23]
=dF s UL

CPython I}o]# =2 787

Aol FH A L, python.orgol A] ¥ ZF Ut} o
IronPython 3} 22 t} & A& 3+

st 7} & ulf & “CPython” ©] A}-8-H U T}
FE= g, B5 Gwrapper w S AFSSH S HBto 7 A g
HuUth dZd o8 &3} o= classmethod () I staticmethod () YUYt}
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def f (arqg):

f = staticmethod (f)

@staticmethod

def f (arg):

22 Mol Zeaol = A 5HA ¥ & 2k 2 Q)Y Th vl Z g o] Bl of] T §F T ARA| S -8 T B 9
o} Zefx go] o AHAES Bd Fuch

descriptor (232 HE]) WA= __get_ () o]t} _set_ () o]y} __delete_ () & A3 AA. S
s olEBREZIUATHE Y ul, 01 HgHEZIE=E f&?ﬂéx—.‘*‘“’ do ZMD}.H ,a.bs A
L, 2 A, A A ST AFS S o, 0] Sl gAY oA betal o] F 2o R AAE 5“*145} SHA Rk
b7t HaagE W, G taI HE “ﬂHCﬂEE%HE‘r El’\i%hﬂ% o] 8] = A2 ulo] Ao
st 22 o]3) 9 034011*1,?}—?, HAE, 229 E, FH2MAE, & A=, 79 ¢ F=x
Y By EE ORI Y/ W E ‘?:MD‘r-

Y23 HE 9 WA =59 o sk x}A| S U-82 descriptors L} T 23 FE] ARE-H S A o] L& Tth

dictionary (‘;‘A%L-]E]) 9ole 7|15 ol 3 A 7]= A vl QG (associative array). 7]+ _ _hash__ () ¢}
_eq () MANEE Z= BEE AA7HE 5 dsUth oA siAl g R5 Ut

dictionary comprehension (5 A U2] A= 2]l A) oHHE &= 84 AAVY AFEE Aty 23E &2
gaqy g E ‘31-?3-6}37} st cl'\:l results = {n: n ** 2 for n in range(lO b2 Fn oxx
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list (dictview) & A ]—
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duck-typing (5] E}0]33) 2u}2 AE]H o] A5 7MH =X sl AA) F& A e 2y 26
A A, B3 HAE Y o EYREV TEH AV ALE UL (‘2 ama% Hol3 o x e Bu)
H, 222 28tk 3% Y Ao AT o]~ E Jifﬂoyﬁ LAY AT Ty A Ql X3S
sET o2 FAdS NATE 5 dFUTE 9 Eol 82 type ( ]Urlsnlstance () = AH&S AAE
= Ik (AT 9 Brolgo] A4 no] s Zef s 2 H%]'% T Aol F 8l oF Fch) diAlel,
hasattr () AAY EAFP Z2 23 W& Ut}

EAFP & & Ht}= &4 & F3}17] 7} 4 o} (Easier to ask for forgiveness than permission). ©] &3] & 4 9l 1}o]

—

W AP 2eYE, St 7IU o EYREY EAE 7H¥ s, 1 7o E8 W @ﬂﬂ FsUth o
23t e AEFY L W tryQlexcept B EAE EARJH UL o] Hla UL CS g T E
B2 Aojol A AFF A5 = LBYL 2~ EFd 3} o v Y o

expression (£84) oW groz 7814 5 gt PP A 27 e B A5, AL IHY, o,
OEElfE AN, A, BHED PL GE EAFEED 0L ol £ AAUTh T2 B
Aojgl Ao w, BE Qo] PAEEC] EAA AL ol dUrth wnileHNd, RAANOR AT 4

°l
Qe 74 5ol e ole w8 2ol ma 4ol oy o

extension module (37 2.8) C U} C++2 248 25 0], 5ho] A C APIE A--3] A 94 o]} AH87} 7
=9} 4% 2 g o

glE g e %%‘%‘Qb}u}. PEP 498 & X A

file object (3} A4 A) 3HE z-ofl sl 9L X FA APl(read () Ywrite () é‘% HAEE)E =8ie
A whE ol ol el shd A= AA Ha3 gl stdolu bE A FA U S ZA (5
Sol, 2 4=, d-vR w3, 27, stolxz, S5) ol T AN2E SAL 5 A5t 3d AA

L gdE A (ﬁle like objects)\} 2~E. ¥ (streams) ©| E}IE 23 4rth
AAzE Al F72 3 AAEol dFUTh E(raw) vhol 2] 3}, W 3 = (buffered) Hl-o] v 2] 3},
BAE 919, o %91 ohzul ojAtio BEIA FoH U 3d AAE HEE FEFd HHe
open () &+E 2+ AYYTh

file-like object (3} L7 AA) v} 214 o] v] =3 2

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

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

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

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

See also the locale encoding.

finder (¥}21t]) dXEF RES S 20 & Zog 1 A =3+ AA.
po]# 3.3, o] &2, F F 7 FAT 7t YFUTH sys.meta_path 2} A AE-sh= v B 4 & 9kl
2} sys.path_hooks ¥ SHA Ab&3F= 42 A EE] 92ly.
o A}A 3 Y22 PEP 302, PEP 420, PEP 451 o] U84t}

floor division (= U= Al) 7178 77k ﬁ#:’n YHEste 84 A, Ae U d3E // o dE
o, @84 11 // 49 #2227 AL A YA 2,758 EHE YUY (-11) // 47F-2.75
E Y3 3 -30] Ho WAOHOF?:ME} PEP 2382 H M 8.

function () 3=} 71] ol S s iy 245 gAY I o]y A 7t AEE 5 =,

}DH Yol ALSE 4= JF Yt v 7] A 2 v A = &} function A AT H A 2.
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function annotation (5= o] - €] o] A) &= v 7 ul3} 7ko] o] - H| o] A,

BA
S ojiHoldE ARk o R Y IIE & /\P%%qi}: S 0, o] T F Y int AAE o}
%%l Ao g 7|the 3L, FAlo int W& ghe = 222 7| g yth:

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

o= o] B o] A B2 function Fol| A A gt}

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

default:

>>> import __ future_

>>> _ future__.division

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

garbage collection (7}8] %] w—ﬂ) O AREE A ok v R E g Ete AL gol W2 A 3¢ A AR
TS AAFNL ES F JE T IR FAVE 53 7 3y =
gc BES A A 1101"—?21 Yt

generator (AU | o] €]) A | o] E doH & S8FE g5 N Y Roled|, 48y #
N =vyield B84 %E'@' = £
sk H el b A 5 QlH U Th

B Aol e F48 7k 7| A e o | F o] A= Al el o]l o] 8] & 7 AUt o =3
R P B e e IS e =

—

&
=
E]

generator iterator (]2 o] ¥] o]Ej# o] ¥]) A< o] T2t == A A
Zhyielde A Ao 2 A& TPt T HA (G HeER 7] S uy-FE5& £ 3h)
AP A E 71Tk Add ol olH#olE 7L ANH ™, wd e g BAFUH (TSt A=

N Aae 4ok oju] g Y oh.
generator expression (4|20 ] A4 ol elel o] el & £ oSk HAA. F32 W59 WS E oIS for
A ek b e i Aol Fof B dut A4 Ag RAUTh AT AL SR TLE I B

gEse sy

>>> sum(i*i for i in range (10)) # sum of squares 0, 1, 4, ... 81
285
generic function (AW g 4) 22 A4S A2 o2 FEo sl 7+ oy -2 24 T 5 o

ofd 7@ o] AL§B A=
CEREC EEEE

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.

as)x daejgel o9& 24 g vch
B3} functools.singledispatch () Bl Zd o]E| 2} PEP 443% H A Q.

For more details, see generic alias types, PEP 483, PEP 484, PEP 585, and the t yping module.
GIL A< Qe zeE 5 & HAS

global interpreter lock (A9 Qle] = a]e] &) 3l Hol| 2 2 dl}e] Ad 7l gto]H vlo]E F & & AP E =
5.74517] $131 CPython B Z 2] B2} A8 3 vl AU F. (dictsh 28 528 UFRES EPeE)
A3 mo] BAH 02 5 A Au 20 sl 2 5HE S BHE o A CPython 78 & Th3HA] BHE U ok,
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JElZ e AAE F 1+ A2 JEZ B & thE2d =887 gA B+ Al ths Z 2 A A 714
AAZE LA Be BRE 3 AT

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 1/0.

ER o uAEA Ff telHE F2E) “2d S 2H-f 2 -2 (free-threaded)” B Z 2] H & 5317}
e FAY g A H oA ZPe, T GY 2R AA B9 A5 At A EH—“r‘QHD‘r
o] A% o2 FRIAL AL TAS DA DA B0l 54 HEo] o Solg Aoz o] AA L

4t
hash-based pye (9 1% pye) 534 2 A7) 9 3 2o ) 255 A ko] o A A8

3= "lol E T = 7 A] 5} Y. pyc-invalidation & 2 3}A] 2.

hashable (3| A] 7}'5) AA 7} 448 1 7“’] t‘ﬁi}x] k= Al gk= ZE3l (__hash__ () WINE7F E 83T,
o2 A etnlad 5 %x—‘l“ﬂ( ) WMIAEZFE a3, Al 7Hsetthal gyt 2 ohal bl
== WA 7hs st 7 ﬂ%«] S A %kg 7L°}°]E k.
A 7He A2 AAE 9 Y 7 AT B E AFEE £ QA sk, o] AFR R EC] WRF

o NS S HED U

& ol 2 W AAE2 Al beduth (Bl2EY 9 e 22) 7 dE o e
J3A gFUth (FE oY frozenset Z2) & AH oW &2 152 1 S A] 7} o w) w5 A
AEUT SR ) 2ol AATA AANEL ARACZ A A5 FULE (7] AL A
Stale) BF o2 rha v aE AL, A g2 id () 2 FE BEol Yt

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

>,
il
(]

immutable (& Bjl) IR S 2= AA. EA A= AL FAE, FES 23T YLh od AAELS
285Utk A S AAsEE A AAE S o)oF gtk WEHA] ¢k s A gko] QlojoF Ft=

XA T8 AES FUH, o€ 50l 9Hv 29 7]-

import path (Y £ E 7§E) AR 7] vl glolr] 7 A xE &

importing (Y £%) # 259 shold TEA T BE sho]d TEol A AEE 5 RS shi
importer (£ &) EES 2715 83 22 3715 st A A 52l E] o4 = 6] A gy e,

7;'
interactive (th3}3) To| WS e}y JEZ el S 2x Qi dE el 2z oM BT W4
YHg A 23 449 AAE 8 4 As KA A7 60) I pyenong A (
WHATﬂvﬂ1ﬁ%ﬂiﬁ5ﬂ%§$%€wﬂ.N%ﬂﬂﬂaﬂ4dﬂ 53} 572
= 04 D]'E‘— UH ¢ —1 Ho]'

i oY jo

e &g
_% 9
O
HI My
ol
o
ip%
9
24 >
-g;ze
o
Lr[r
=
oo
='=L
@ﬂ
iuj
M
o, |k
\

: 3
©
:lwmn_olrlo
EF;UPNOE
L_Q:
ﬂl;
2
oi"u'méoT
o o
i
iiﬂ@,
Er[rml"
of, (2
X
r&ﬁ
T
o K
i
B
[

interpreter shutdown (°] Ei HE £8) EEHELHE
A3t=d, ZEo| o8 71A %ﬁ?ﬂ' YEF2EHJ TSR
roh 7 A] AV E A HEST
A ZA D = QS Ut 28 A7) 59 = o} 5} =59
= AEE0l 7]—5}x] S A7 HEJUTH(ES o= 2hol B g

Azl 82 78 AU AYHE _main_ BEOIY2TH

2 <
L
>
>
oto
)
o
o
<l
i)
N
id
<
8
oy
e
e
=
)
;O
rlr 4
M

iterable (o]E]2| &) AHES S H Y 58S 4 A= AA. ol HHEY J 2= BE(List, str, tuple
ZYANFAAFE, dict Z2 2E v A D2 FE, oL AA S, iter () YAE2MELE 78
3= __getitem () HINEE HMA A RE FE29 AAE°] JAF5UTH
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o HEL for FZ /\}*‘l% T A, A]%ﬁ% dR8E =t B2 X (zip (), map (), =) °l
AHEE 5 dFUth o HHE A7 WG T iter () o JIAE AEE W, 1 7“?4]-4 olH ol HE
EHFULh o] oHEolHE FEY AFES S+ H AXE T FEFULH oJHHES AFE T o,
REL iter () £ EEA, oI HACIH AAE 49 O DR & Gtk for B2 O AFL ol
2 HASIA AHs o B2 T, F2E T S olHH O HE FotE ol & Yl W€ wEyth
O]Eﬁﬂo]ﬂ,/\];ﬂi, Zﬂ v olE & l"?—/‘ﬂﬁ

iterator (o] E]g|o]E]) tlo]Ele ~2EH S 3= AA. oJHHoJEHQ __next_ () WHAEEWMEHOo=Z
S (Er U B4 next () 2 AT 22 db VEEL Tede EAF U, A o
Arel "lolE 7t ¢S ul = g Al StopIteration o= 0127‘\/]1‘/}. o] A A A, o5& olE AA=
AR, 0)ZL BE _ next_ () WAE $E2 Stoplteration 92 E thA] 4o 7] 7] vtk gyt
O]Eﬁeﬂo]'ﬂ" O]E%H]O]Ei 7 A X}‘_E EHFE_iter_ () FINEE 7HE A o] 875 7] w o, o]

H ol & olE 2] 8] 7| & &tal ThE o|H Y EES Wolsol& 79 3ol A A2 4 dFUth
T3 L= oy Mo ]Eﬁﬂo]/“ig A=dte Z=YYth (1ist 2-2) AdH o] AA = iter ()
T2 A ALY for $20] A& Wjuleh 4] o] el #] o] 5 BHEUIT). 0|2l A2 ol el o] el o]
Al et o sk, A o] B #l o] Aol AHEH o]u] £ X1 H o]H o El & %ﬁ-’ﬂ/ﬂ, Wl AE oY A3
HolA ¥syth
typeiter o] T} ZbA| g W) -§-©] Q5 th
CPython & A}A]: CPython does not consistently apply the requirement that an iterator define __iter__ ().
key function (7] $+5*) 7] k4 == Z 8] o] A (collation) <=+ A & (sorting) ©] L} ¥l A (ordering) o] AF-&= =
H= EHFEZHEYULE A& £, locale.strxfrm() S ZAY EZ WS HE2=FE 7 E
e A Y Th
alo] o] W EF7F g A o] o A A A A AL Fol= A& Alofstr] A8l 7] s ol Ay th
ol ZlEo+=min (), max (), sorted(), list.sort (), heapg.merge (), heapg.nsmallest (),
heapg.nlargest (), itertools.groupby () ©] AFY T}

71 5 HEv e oy Pl dsUth ol & £, str.lower () HIAEE 71101’\ T& e
AES AT 7 T2 AL S AdsUth hF o=, 7] T4+ lambda FHA 02 UhE £ 5 &=
o], o]d AUt} lambda r: (r[0], r[2]). =3 operator REL A 7]9] 7] ¢ FAAE
A&t attrgetter (), itemgetter (), methodcaller (). 7] &4E 511 /\}3—6}—— = o
tf 8k o & Sorting HOW TO & H A &

keyword argument (7] 9] E 21z} 21x & B AM 2.
lambda (2eh) 522 0} go] THHAL Bpe) 5@ 02 T ol F Gt ALk V4. BT R4S W=
= FEH2 lambda [parameters]: expression YU Th

7] Aol B2} (Look before you leap). ©] TG AEFA L T Z oL} 23] 2 517 Ao WA HOZ ALA

B BAIC), o) AFel e FAk At S v, e o2 Bl Al S A0l AT
= #7004, LBYL A& 5795 7]” 7hel] A £ A2 BEA B A W0l ATk

o], = if key in mapping: return mappinglkey] & AA} Zo, 3R T 23] A,
9

=7} key® mappingo| A A 7A3Hd A 5 5T ol d o] 4 o]} EAFP A2 S
A}%@&i/ﬁ SRR [

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).

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

list (2] AE) WA gfo] W A A, 1 o] 2o % 237, 4o that B A7F0(1) 0] 7] wf 2o, AZ g AE
(linked list) H t}= t} 2 A o] o] v A3} AU ok
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list comprehension (2] A E HAZ |3 X)) AP0 QA4S AR T JRE ety 1 A0S E]/\EEEE%

Z“ﬂ-ﬁﬁ]—‘ﬂ]—,ﬂ result = [ {.#O4X}' format(x) for x in range (256) if x % ==
= 0014 255 Ao]o] 3= REEC] 1675 (k) 5& ERehe TALE] AES BET) i

D6 A £ ST th A sange (15609 ST B E S A

loader (2¢]) 255 £ E58h= A4 load_module () ©]2he o] 59 WA EE FYsoF FUth 2B+
E glolg 7t =8 E UL AAISFWEE PEP302 &, Ao~ S8~ = lmportllb.abc.Loader
%E/‘ﬂ}l.

magic method (W] 2] Wl A &) S A= 2] u]g4] A <l v =3l 3

mapping (7] 38) 92l 9] 7] 23] & A YW3}1 Mapping ©| U MutableMapping FAtH o] a2 o A A H
HAEES FHS= A oY AA. JZ= dict, collections.defaultdict, collections.

— ==

OrderedDict, collections.Counter 5 € 4 Y5 th

meta path finder (W€} 2 3}21t]) sys.meta_path & A o] Z8F+= 31l WE F & 3RRlej+= 4=
Q=) 5holE] o gelslof 9171 ShA v che o,
HEl A2 37t L3St HAEE efA]E importlib.abc.MetaPathFinder & X §
.

metaclass (W€} Fe| ) S S S %4 = ZH s o5, Al gAY E, Hol A FEHAEY
EES UEUth HE FHA s o] Al AAE HopA FHAE Tt A S AU gEEY AA
AFY 223 AAEL 7|2 FTHAE ATTULH go| A& SEFA B A2 ALY e F
25 s S A0E AUtk d2BE AR A= o] 37 A 28 AT o7 A uf, wE
FAaes AEsta fotgt S AleFULh AEZRE JA 2 2 7 (logging), 28 = HA A 9
F7H AA A 48, AZE T B2 O ZAAo) A S U

metaclasses ol 4] T ZpA| & W8-S 2HS 5 F U T

method (WA =) S vl QtollA] Hojs] = 3. T Fej29 AAE A EFHE
A== A AR oA (HE self tu Bath 2 AdAEA AAE gtk 35 oF 249 43
£ BEA L.

method resolution order (WA & Z A £ A]) HAE A A= 235 S AHE A= o~ &
259 AU 23 E|aRE Fho]l A dE Z e o AMEH dae] &2 Al e W82 The Python
2.3 Method Resolution OrderZ ¥ ™ 3 Ut}

module (&) 3to|H T =] 2 A3 9| & F3ste A4 BRE2 499 sho|A A= & ol 5 3=
ZrEUTh B2 Ay ZAo ol slojHo g 2 =gy
W72 = HA L.

module spec (R & A29) R E L Z=35t=0 A = ¢
importlib.machinery.ModuleSpec & QA1AH A,

MRO WA= 2% =4 & HAS

mutable (Z7}H) 7FH A= ghol AT = JA T id () v A FAFULE 2 & HA Q.

named tuple (W] Y & HZ) “named tuple(M| Y= FZ)’olgl= fo]= FZoA AE31T o] & B2 o]E
EE AJgsld ol g & 9)\% Qa0 5
QEH/\oﬂ o= 7]LCAJ\ 4

time.localtime () & os.stat () 7} Wt3k
T} & o= sys.float_infoJYt}:

ok
L
ftlo
kel
%
o
=
£
v
=
o
o2t
o
=
o
[
ni
il
A
A
v
H

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

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

(F= ol ATl A%)
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(o] A sl o] A A M A%)

>>> isinstance(sys.float_info, tuple) # kind of tuple
True
AR Y= FEL LA @S DY T, cupleol A A5 o) F B2 WS Ao
A S HYR YJE FEES UE T AFULE oy o= AH A AU AED T4
collections.namedtuple () 2 WE = JH5UTH 219 7|HE AH AAFAY YZ UIE &
oAM= L2 5 e 27 FAHHAEE FUHe = EY Tt

namespace ()% B71) W47t AFE £ 2. o) & 0L HAVE 2 FAFULE AAol 3T 02 82
(AL ) ek ol e} Ao, A, ol 8 Brkol L LITh ol E BE o] FEL HAA
2542 A9 YLE A& 59, ¥ builtins.open ¥} os.open () & 1E9 o] F &7l o3
FHFUD £, 0|8 B0L oW RE| B8 THAREAE BRI BBl A AT 77
HEA 222 ZUYtTh o & £90], random.seed () Ex=itertools.islice() Bt 2 W 1 35
S0] 212} random 3 itertools B &o) ool 785 918 o] ¥ 2kl 4l itk

\

m

namespace package (©] &
277 A = 2ol

e U

BEE T HASL.

nested scope (3 E A3 %) S FoY N M4S F2ohe 5. ol 50, b2 T v FolM Fod
e Frol e virsS Az gyt HE 2z R o2 AR e T
W, e HA gkethe 2o Fosof FUth A MFE2 7P R A3z oA g FYTH
DA R, A ApES A o] 5 FZFolA 3L FUTE nonlocal 2 HPZ AF o 2= A
E=asi=g

new-style class (7 2ElY ZFelA) A5 B Fda AAo] AEHL e Sl A oA o
5. 2719 ol AN, 24 F28Y ZY AR __slots_, UA2AHH, ZetHE,
__getattribute_ (), S VA E, 2HE WA =9} 22 sto] Mo A F1L e 7] 558 AHE

5 Agdwuh

object (AA]) e} (EZFEUZH) & 2L T2 (MAE) o] Bojd BE o8 3 RE wAekd 27

29 HFAJA Mol S YU Th

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

A5 7172 S o) & B2 9717 £ HAIL.

parameter (W] 7)) SHF (EE= WA =) Fo oA S kS 4= 9l
3l ol & B2 dgE. A FH2 vzl EssE 5 Uth:
7

19]S Q4 2 A2E 4 9 A4S AZ Pk

rlr

Q1A (=

rlr

o 3% AXE) & A4

o

o
PR

-7 = (positional-or-keyword): ] =] 1A L}
| A o] 7|2 Fefo] v H Y] oA & £

def func (foo, bar=None) :

o 9 X]-A | (positional-only): | x| 2 3+ A&
24 Bl s B0l BAE E
posonlyl 3} posonly2:

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

» 719 =-A§ (keyword-only): 71 EE2 W Al 5 e AAE AZFULH 71 =-H-8 i A
= 9 9] 9] B WA 2 S0l A 22o] kel Zpa-9) A v M)+ ol E gl 4] Ao
T ds5Uth A& 501, tholl A kw_onlyl 2} kw_only2:
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def func(arg, *, kw_onlyl, kw_only2):

» 7H¥-91 %] (var-positional): (FFE AW 5ol A o] v] WolEe] A 94 A5l Ha) A5
% 9 AA A5 99 AALE AF AT oA vl A5 w94 o] ol * & Sl
ol 398 5 ABUTh A8 Sof theoll A args

def func(*args, **kwargs):

« PR E (var-keyword): (T2 Vi RS0 23] A o] u] WolS R A= AAFE ol T 5)
A3 5 Yt 429 NS AYE A4S AFFUE ol A A A o) 5 <+ &

5,\_
Qo] Boja] Aol 4= dF UL dl & £ 9] ool A kwargs.
WS A AAEL 95 7| Hzmul ol gt B A o] AL D4 A AEL 2 AT 2 9T

A7} AR T, AAR} w7 M 4=2] ZFo]of] 12 = FAQ 2%, inspect .Parameter 22, function
A, PEP 3625 H A 2.

path entry (2 A=2)) 47 73 5olE] HQEE FREES 27 A9 Bushe AL 42 4 el
.

A=
o)
%
A %

= XN
AR dEZ A Eo] FH3}E= WA EEL importlib.abe.PathEntryFinder o Y4t}

path entry hook (% 2 I E 2] F) sys.path_hook B|AE| Q&= Fe|EQU, 54 A2 dEL A ZE
BEMe %n Ui 4= dsel sl & EeF Uk

path based finder (2 715 shele]) 712 vl e} 42 el E 5 F Spuplel, JEE A2 oA BE
Utk

path-like object (B 2 F ) 5t A 2d A2 &5 e+ AA. A2F QA= A2 E YEW &= str
bytes A o] 7Y} os.PathLike L2 EFZS 73 += AA YY) os.PathLike Z2EZS A Y
St A= os. fspath() 58 EE0 A str Urbytes A A|2E 22 Wgkd = 5yt
thAl os.fsdecode () 2 os.fsencode () & Z+ZF str Y bytes 235 BASE=H A E o+ A5

Utk PEP 5192 =95 iU th

o

filo
e
oy

PEP 5ho] 4 7] 41 ] ok, PEPL= 5ol AR Elo] AR E A Z8A L sho] W B 1 T2 A& EE $70
e AZe 7152 Agshs 44 EAQUTH PEPE Aok 75 t @ 1128 71& A E 2 A
A28 oF ok,

KN

A 8ke shol Mol Soi 7t A 2

PEPE: 8 A28 75€ Alkaha BAlo] o AR UL 9 4
7 £ ARV Dol A el E 75 5ka o)

e FAE ST 98 712 W AYS YT PEP FA A}

portion (£ H) PEP 420 o] 4| A2 3t AA T, ol & 87 571 Aol o] upA 3k Shibe] Cielel 2o Eol gt
St S 0] 41 ip h ol AFH = A= 7bs g Th.

positional argument ($] 2] 212} Q1A & H A Q.

provisional API (Z+A API) T4 API= & glol B 2|9 I 7 53
o} AE s o] 20 F ME}7} o AE] A= kA v, A A o] 2kl EAH = § T Nl AtEe]
A7 B B o] §AH A g WA o] Aol 5= Ytk 1 W7
ol A= e AT — APLE ZF37] Aol 3 F ooty 2
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o] A= BT gtol B 7t ;M A Fo A RE AA Lol s A A g AT YRS
SEUT B A8 8-S PEP 411 B F U T

provisional package (Z+A 2 7] x]) &7 API & B A L.

Python 3000 (3}0] %1 3000) }o] % 3.x vl 2kle] HH (M 39 vj27}F ¥ w2 o] o]of7| | A]F o ghEo] 7]
o] olth) o] A “Py3k” B £ 27| & “4 D}-

Pythonic (s}o] A th) THE Qo] 5ol A AukA 9l A EL Al A 2
1A A5 AHEE S o Q5 ko] Mt ofolrlofu} 3E =

£ 2Rk o2, ol Aofel
, sho] Mol A A5 a

E o]
AT E for £ A3 ClEeli RE 8 he s gae Aaus ne @e delds o
5o FAEC] 9onE, vho Hol 058 ke AREL Al 24} A E & S Gtk

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

B 28 ol drke P e ol dath

for piece in food:
print (piece)

qualified name (J 1315 o] &) REQ A 2FZ oA REO AYH ZFH 2, T, A= ol2=«“F 2~
2 HolFE=Hog ZHY o] & PEP 3155 oA A HUTh A e 220 AL, AF3Hd
ol 5 7“11]«] o5 THUth:

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

>>> C.__qualname_

lCl

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

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

BES 7tE 7| =d AHRE o, A3 AF3E o) 2 (fully qualified name)S RE R 7 7| A 5L £ T
SN BER Ve Jo2 "'—ﬂ% O] YuFYth 9 E £9],email .mime. text:

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

reference count (R 314) A Ao o3t F=x29 7S, 7“?1].,] | ’“7]—0 o7 Wol X, v &g s} gy
Utk 22 3¢ 332 gtz oz go]ld F= o = QZ] = %}7\] , CPython :r“ﬂ«] A e APy

sys BE2 5 AAY Fx A +E 585+ getrefcount ( 7‘*431'1/] th.

regular package (47 97| A]) __init__ .py 3¥E& 2F3= U E“H g} g2 AT A A 7] A.
ol5 w7 A & HA L.

_slots__ Z YR AAQl, A AEHAAEYFEES HSHFHS g AL AAEA G E
A A @33’3‘1 HEeE Zaste 235 FUh A7) A7= A, o] Ha YL EulE A AE-8171 7
Z 712 L HolghA], vRE o vAs 28 28 T A] Bl £ AAEAT Q= EWEHI AL
S sl= Zlo] 5 UL

sequence (A|F2X) __getitem_ () 55 Uﬂ/ﬁ ZEFO AT AIdAE A2 Q4 ANAE X Y3},
Al 2] dolE EHF+E=_ len “ﬂ'ﬂ—‘:—% Aojsl= olHHE 22 WA A AAES YEE Y,
list, str, tuple, bytes 7} 01—1/]1’/} dict TE3F_ getitem_ () Z__len_ () & AA3A v
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230 B4 A 499 B A8 ALg 3] W2l AA2Tt ohet P oz HFHrhe o] 2o
sfok gk

collections.abc.Sequence A Wlo]| A ZF AL getitem () F__len_ ()2 do]A &
A ZH35E JEH o] ~E Ao 3= F‘ﬂ, count (), index (), _ _contains__ (), __reversed_ ()&
F7 Ut o) &34 AE o]~ E T3S F S register () EAMEHNA YAH L2 SET F UF

Y.

set comprehension (3 AZ2|dA) ol E &= 24 AAY IS A3ty 2345 G2 JggS vt
35l= 23 . results = {c for c in abracadabra if ¢ not in 'abc'}E=EA}F
gdol e {'r', 'd'}E AAT YT} comprehensions S FHZ 54 A &

single dispatch (J & t] &3l x]) Fd o] 5hue] A=Y Fofl 7|2 A= Al & ot g
.

slice (£ e}o] ) HE A 712 o] Q-8 ZP3H= AR Seholas AH 23 YE E719S A A B
T} variable_name[1:3: 5] 28, (] ol o Y] RS ZRoZ B3tk gEs (ME
2TYHE) B7|H S WHH O & slice Jm]é PAR-R BN

=
Ads, Sl 22, AT w) FAHCE T EHE HAE.

special method (54 WA &) u}o]# o] & of ojH
e ol #3 s5Yth 54w A =+ specialnames ©]]

old MAEE F e HERE A Z‘ﬁ}
AR BEolA uth
statement ((Z7) -2 A9 E (ZE9] “EF (block)”) & F43H FEAUTE 282 594 o] AU 79
T EAL= o MK R E 29 g Utk 718 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.

Hi

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

See also borrowed reference.

text encoding () A~ E 91 7.9J) A string in Python is a sequence of Unicode code points (in range U+0000-
U+10FFFF). To store or transfer a string, it needs to be serialized as a sequence of bytes.

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

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

text ile (952 99 sex AA& 93 & 4 9k 79 A FF, AAE AL AA 2
SHAERE AL N A g AT AT 9AE 9 o2
FE'w') 2 99 99, sys.stdin, sys.stdout, i0.StringI0 & AA2HAE E F AH5 YT

dlel =R A4 & 93 2 4 9 5 Aol Hal A s vhol U 5 £ FEFAL
tiple-quoted string (43 6% 8 £A49) GETE () ALHEI () A A2 BARA EA9. 28 @
% e B4 BAD gt 7152 AFHAL @A, o8 7 ol fol A LRI} gl th
AN 14 e 40 S S PAR Sl R A5 B, B S
ANE o) Tol AW 4 YT, SAELL L uj] 53 22 Jgvrh
type () ol 279 P& 1 1 Ax Fol AUt AA
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def remove_gray_shades (
colors: list[tuple[int, int, int]]) -> list[tuple[int, int,

pass

int]]:

£ ohe s 2ol o 97 94 BE 5 A&k

Color = tuple[int, int, int]

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

pass

_,4
P
o
<
3
'_l
o]
Q
i)
1
e
=
=
[+ ]
=
it
2

type hint (& 3 E U n
o] A.
Y I EL A8 Aol n FholHof| A ZA A = FF T A A B =0 {830 IDE
o FERY I YAEL S FHUTH
A A5E AL, A W, s oJENHE D F49 J AEL typing
get_type_hints () %/\}%o}oq MM AT 4= 9T}
°] 71%5& A3t typingd PEP 4845 F2 342

universal newlines (—n—b]H']’“ 97) 2H 22 AES BEF 29 Eo2 A4S, HAE 2EH S 34
St T Y2 A& '\n', A== A "\r\n', Y T EA] _t]_—gﬂ N\rt. 27pA el
AHgol e A= bytes.splitlines () gk ofu] 2} PEP 278 9} PEP 3116 = WA &

variable annotation (‘15>

Mg EE e o= e e ol ol

\_.—,_ 4

wHlo] ) W4 EE Fes ol m el HEe o wmro] 4,
DR EDERE AL OISER

class C:
field: 'annotation'

=2 AgPUTH o Sol, o M4t int 22 M Aoz A4

oflt
(ol

W4 ol gl o] de Jukg o
Utk

count: int = 0

H o] o H| o] A B2 Al A annassign ol A A gt}
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} 4} 7)) :Jro] AN AL A 22 g 1o], e ]/\E" oA A= o} = Tlo] A
o% 22O E9 FF JFE FA ‘E%—O—“Vﬂ shol A iz 7| A EE AAFAY g ol =8k
7]"—6‘]’7—“ 5}L»§§E—1Z—13§ “ﬂ%/\ag
venvEE/‘ﬂB_.
virtual machine (7} 71 A)) Az EQojnto® HojH HFE. sto| Ao 74} 7| A= vlo|E I = HAutd H 7t
%ﬁﬂ%ﬂﬂiiE%@%@Hﬂ
Zen of Python (s}o] 41 A1) o Q Aelsh BHESY B2, Aol B o 5k AT o] £3 ol

AU o] 22 t3h8 ZEZEo|A “import this” £ dahE B Th.
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o] 417 A of] 3]

o] A" A= reStructuredText A0 A ThEo] X o2, gto]x APAE sl SHs] A 24 A8 7]
Sphinx & A& 5 YT}

A S o B AT BA I AEL Shol A A & DA 2 A A O = AAR AR = YU 7] o] 1
A0, 2o} Wl A3 4 8 reporting-bugs 3 0] X & AT SHAA 2. M2 AHABAE A} I
YeH

the Sl B g =y
* Fred L. Drake, Jr., 92 sto]H A A = 3o 2 o)A w2 Zrl=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.
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X
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e Abgho] sholHl Ao, spol £ gholHejg] ¢ polH A A 7l F T 7)o xpe] FE A QA
B2 22 glo] A A u Z 3] Misc/ACKS & Z23AAA L.
stolo] o] B AYAE ZHA A AL sho| W AFYE Y d83 7o 4t — ZARE Y o
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apPENDIX C

>

oA A} 2ho] Al

|"..|.4

C.1 2ZEY o] Ia}

glo] {2 ABC2l= A ojo] T A A2 A v E 2= 9] Stichting Mathematisch Centrum (CWI https://www.cwi.nl/
ZFZ) 2] Guido van Rossumf] 2] 3] 1990 d o] Z4lof| ThE o] HE U T Jol o= o2 AFFE2] B2 33 o]
=95 94 B, Guido= shol 2] 72 A 22 ol 912 vk

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

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

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

EEIEC IR E§A [ GPLEEN

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

13~152 |12 1995-1999 | CNRI ves

1.6 1.5.2 2000 CNRI no

2.0 1.6 2000 BeOpen.com | no

1.6.1 1.6 2001 CNRI no

2.1 2.0+1.6.1 | 2001 PSF no

2.0.1 2.0+1.6.1 | 2001 PSF yes

2.1.1 2.1+2.0.1 | 2001 PSF yes

212 2.1.1 2002 PSF yes

2.13 2.1.2 2002 PSF yes

2.2 o] 2.1.1 2001-& 2] | PSF yes
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Z3: GPLY 238dH =
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i glo
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C2 sjol ol A A5} A T A18517] §1 o] & ok

glo] W A Z E Qo] 2} A A= PSF License Agreementol] Wk} gfo] Al A 7F Fo gy th

stol M 3.8.6 5 €], A A 2] oA, Ze|H A 7|} T == PSF License Agreement 2} Zero-Clause BSD license®l|
o127} ot L .
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C.2.1 PSF LICENSE AGREEMENT FOR PYTHON 3.10.13

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

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 THEREOEF.

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

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

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

Agreement does not grant permission to use PSF trademarks or trade name in.
—a

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

third party.

8. By copying, installing or otherwise using Python 3.10.13, 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.

(TH& STl Aol A1)
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This License Agreement will automatically terminate upon a material breach of
its terms and conditions.

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

by the law of the State of California, excluding conflict of law provisions.
Nothing in this License Agreement shall be deemed to create any relationship of
agency, partnership, or joint venture between BeOpen and Licensee. This License
Agreement does not grant permission to use BeOpen trademarks or trade names in a
trademark sense to endorse or promote products or services of Licensee, or any
third party. As an exception, the "BeOpen Python" logos available at
http://www.pythonlabs.com/logos.html may be used according to the permissions
granted on that web page.

By copying, installing or otherwise using the software, Licensee agrees to be
bound by the terms and conditions of this License Agreement.

C.2.3 CNRI LICENSE AGREEMENT FOR PYTHON 1.6.1

This LICENSE AGREEMENT is between the Corporation for National Research
Initiatives, having an office at 1895 Preston White Drive, Reston, VA 20191
("CNRI"), and the Individual or Organization ("Licensee") accessing and
otherwise using Python 1.6.1 software in source or binary form and its
associated documentation.

Subject to the terms and conditions of this License Agreement, CNRI hereby
grants Licensee a nonexclusive, royalty-free, world-wide license to reproduce,
analyze, test, perform and/or display publicly, prepare derivative works,
distribute, and otherwise use Python 1.6.1 alone or in any derivative version,
provided, however, that CNRI's License Agreement and CNRI's notice of copyright,
i.e., "Copyright © 1995-2001 Corporation for National Research Initiatives; All
Rights Reserved" are retained in Python 1.6.1 alone or in any derivative version
prepared by Licensee. Alternately, in lieu of CNRI's License Agreement,
Licensee may substitute the following text (omitting the quotes): "Python 1.6.1
is made available subject to the terms and conditions in CNRI's License
Agreement. This Agreement together with Python 1.6.1 may be located on the
internet using the following unique, persistent identifier (known as a handle):
1895.22/1013. This Agreement may also be obtained from a proxy server on the
internet using the following URL: http://hdl.handle.net/1895.22/1013."

In the event Licensee prepares a derivative work that is based on or
incorporates Python 1.6.1 or any part thereof, and wants to make the derivative
work available to others as provided herein, then Licensee hereby agrees to
include in any such work a brief summary of the changes made to Python 1.6.1.

CNRI is making Python 1.6.1 available to Licensee on an "AS IS" basis. CNRI
MAKES NO REPRESENTATIONS OR WARRANTIES, EXPRESS OR IMPLIED. BY WAY OF EXAMPLE,
BUT NOT LIMITATION, CNRI MAKES NO AND DISCLAIMS ANY REPRESENTATION OR WARRANTY
OF MERCHANTABILITY OR FITNESS FOR ANY PARTICULAR PURPOSE OR THAT THE USE OF
PYTHON 1.6.1 WILL NOT INFRINGE ANY THIRD PARTY RIGHTS.

CNRI SHALL NOT BE LIABLE TO LICENSEE OR ANY OTHER USERS OF PYTHON 1.6.1 FOR
ANY INCIDENTAL, SPECIAL, OR CONSEQUENTIAL DAMAGES OR LOSS AS A RESULT OF
MODIFYING, DISTRIBUTING, OR OTHERWISE USING PYTHON 1.6.1, OR ANY DERIVATIVE

(TH& SOTATl A1)
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THEREOF, EVEN IF ADVISED OF THE POSSIBILITY THEREOF.

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

7. This License Agreement shall be governed by the federal intellectual property
law of the United States, including without limitation the federal copyright
law, and, to the extent such U.S. federal law does not apply, by the law of the
Commonwealth of Virginia, excluding Virginia's conflict of law provisions.
Notwithstanding the foregoing, with regard to derivative works based on Python
1.6.1 that incorporate non-separable material that was previously distributed
under the GNU General Public License (GPL), the law of the Commonwealth of
Virginia shall govern this License Agreement only as to issues arising under or
with respect to Paragraphs 4, 5, and 7 of this License Agreement. Nothing in
this License Agreement shall be deemed to create any relationship of agency,
partnership, or joint venture between CNRI and Licensee. This License Agreement
does not grant permission to use CNRI trademarks or trade name in a trademark
sense to endorse or promote products or services of Licensee, or any third
party.

8. By clicking on the "ACCEPT" button where indicated, or by copying, installing
or otherwise using Python 1.6.1, Licensee agrees to be bound by the terms and
conditions of this License Agreement.

C.2.4 CWI LICENSE AGREEMENT FOR PYTHON 0.9.0 THROUGH 1.2

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

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

STICHTING MATHEMATISCH CENTRUM DISCLAIMS ALL WARRANTIES WITH REGARD TO THIS
SOFTWARE, INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS, IN NO
EVENT SHALL STICHTING MATHEMATISCH CENTRUM BE LIABLE FOR ANY SPECIAL, INDIRECT
OR CONSEQUENTIAL DAMAGES OR ANY DAMAGES WHATSOEVER RESULTING FROM LOSS OF USE,
DATA OR PROFITS, WHETHER IN AN ACTION OF CONTRACT, NEGLIGENCE OR OTHER TORTIOUS
ACTION, ARISING OUT OF OR IN CONNECTION WITH THE USE OR PERFORMANCE OF THIS
SOFTWARE.
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C.2.5 ZERO-CLAUSE BSD LICENSE FOR CODE IN THE PYTHON 3.10.13 DOCU-
MENTATION

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

THE SOFTWARE IS PROVIDED "AS IS" AND THE AUTHOR DISCLAIMS ALL WARRANTIES WITH
REGARD TO THIS SOFTWARE INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY
AND FITNESS. IN NO EVENT SHALL THE AUTHOR BE LIABLE FOR ANY SPECIAL, DIRECT,
INDIRECT, OR CONSEQUENTIAL DAMAGES OR ANY DAMAGES WHATSOEVER RESULTING FROM
LOSS OF USE, DATA OR PROFITS, WHETHER IN AN ACTION OF CONTRACT, NEGLIGENCE OR
OTHER TORTIOUS ACTION, ARISING OUT OF OR IN CONNECTION WITH THE USE OR
PERFORMANCE OF THIS SOFTWARE.
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C.3.1 W24 E S| ~F

_random EE-2 http://www.math.sci.hiroshima-u.ac.jp/~m-mat/MT/MT2002/emt19937ar.html o] A W &
e Feo 7Rt =5 XYL 22 ddl =9 A4S IdE 7 Ad Ytk

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

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

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

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

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

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

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

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS

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

LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR

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

(TH& ST Aol A1)
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EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO,
PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR
PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF
LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING
NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE OF THIS
SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.

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

C.3.2 27

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. 1IN NO EVENT SHALL THE PROJECT OR CONTRIBUTORS BE LIABLE
FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL
DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS

OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT
LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY
OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF
SUCH DAMAGE.
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asynchat¥ asyncore RE-2 th53} 22 £ A 233t

Copyright 1996 by Sam Rushing
All Rights Reserved

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

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

C.34 F7] &=

http.cookies REX Tha3 -2 £ A& 283 th:

Copyright 2000 by Timothy O'Malley <timo@alum.mit.edu>
All Rights Reserved

Permission to use, copy, modify, and distribute this software

and its documentation for any purpose and without fee is hereby
granted, provided that the above copyright notice appear in all
copies and that both that copyright notice and this permission
notice appear in supporting documentation, and that the name of
Timothy O'Malley not be used in advertising or publicity

pertaining to distribution of the software without specific, written
prior permission.

Timothy O'Malley DISCLAIMS ALL WARRANTIES WITH REGARD TO THIS
SOFTWARE, INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY
AND FITNESS, IN NO EVENT SHALL Timothy O'Malley BE LIABLE FOR
ANY SPECIAL, INDIRECT OR CONSEQUENTIAL DAMAGES OR ANY DAMAGES
WHATSOEVER RESULTING FROM LOSS OF USE, DATA OR PROFITS,
WHETHER IN AN ACTION OF CONTRACT, NEGLIGENCE OR OTHER TORTIOUS
ACTION, ARISING OUT OF OR IN CONNECTION WITH THE USE OR
PERFORMANCE OF THIS SOFTWARE.
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trace REE 0h3} 22 39 AYL TFHUTH

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

Python 2.2 license.

Author: Zooko O'Whielacronx

http://zooko.com/

mailto:zooko@zooko.com

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

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

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

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

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

C.3.6 UUencode %! UUdecode &5~

B ES O T 7 AE ERYTH

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

All Rights Reserved
Permission to use, copy, modify, and distribute this software and its
documentation for any purpose and without fee is hereby granted,
provided that the above copyright notice appear in all copies and that
both that copyright notice and this permission notice appear in
supporting documentation, and that the name of Lance Ellinghouse
not be used in advertising or publicity pertaining to distribution
of the software without specific, written prior permission.
LANCE ELLINGHOUSE DISCLAIMS ALL WARRANTIES WITH REGARD TO
THIS SOFTWARE, INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY AND
FITNESS, IN NO EVENT SHALL LANCE ELLINGHOUSE CENTRUM BE LIABLE
FOR ANY SPECIAL, INDIRECT OR CONSEQUENTIAL DAMAGES OR ANY DAMAGES
WHATSOEVER RESULTING FROM LOSS OF USE, DATA OR PROFITS, WHETHER IN AN
ACTION OF CONTRACT, NEGLIGENCE OR OTHER TORTIOUS ACTION, ARISING OUT
OF OR IN CONNECTION WITH THE USE OR PERFORMANCE OF THIS SOFTWARE.

Modified by Jack Jansen, CWI, July 1995:
— Use binascii module to do the actual line-by-line conversion
between ascii and binary. This results in a 1000-fold speedup. The C
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version is still 5 times faster, though.
- Arguments more compliant with Python standard

C3.7 XML 94 =2 X# $&

xmlrpc.client B2 53 22 7o A2 233Ut

The XML-RPC client interface is

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

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

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

SECRET LABS AB AND THE AUTHOR DISCLAIMS ALL WARRANTIES WITH REGARD
TO THIS SOFTWARE, INCLUDING ALL IMPLIED WARRANTIES OF MERCHANT-
ABILITY AND FITNESS. 1IN NO EVENT SHALL SECRET LABS AB OR THE AUTHOR
BE LIABLE FOR ANY SPECIAL, INDIRECT OR CONSEQUENTIAL DAMAGES OR ANY
DAMAGES WHATSOEVER RESULTING FROM LOSS OF USE, DATA OR PROFITS,
WHETHER IN AN ACTION OF CONTRACT, NEGLIGENCE OR OTHER TORTIOUS
ACTION, ARISING OUT OF OR IN CONNECTION WITH THE USE OR PERFORMANCE
OF THIS SOFTWARE.

C.3.8 test_epoll

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

Copyright (c) 2001-2006 Twisted Matrix Laboratories.

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

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

THE SOFTWARE IS PROVIDED "AS IS", WITHOUT WARRANTY OF ANY KIND,
EXPRESS OR IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF

(TH& ST Aol A1)
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MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE AND

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

C.3.9 Select kqueue

select BE-S kqueue QB 3] o] 2] Tla] T}g7} 2 Fo) AL =TT

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

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

modification, are permitted provided that the following conditions

are met:

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

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

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

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

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

C.3.10 SipHash24

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

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

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

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

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

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

C.3.11 strtod 2} dtoa

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

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

*

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

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

* % o

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

* % o

* % o

THIS SOFTWARE IS BEING PROVIDED "AS IS", WITHOUT ANY EXPRESS OR IMPLIED
WARRANTY. 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.

*

*

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

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

(THS STl Aol A1)
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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. 1IN NO EVENT SHALL THE OpenSSL PROJECT OR
ITS CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL,
SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT

NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES;

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

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

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

L T S N S N S T IS S N S N R i R T S S N S N S N IS T S S N S S S T S S N SIS S S T N

Original SSLeay License

(TH& ST Aol A1)
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Copyright (C) 1995-1998 Eric Young (eay@cryptsoft.com)
All rights reserved.

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

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

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

the code are not to be removed.

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

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

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

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

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

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

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

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

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

pyexpat &2 U 5 ——with-system-expat & FAFA &= 3, £ expat 22 AHES AR5} o]

dEgyn:

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

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

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

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

C.3.14 libffi

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

Weg

[>
>
L
o
>
ofo
o
£

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

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

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

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

C3. =%

i
By
&
(m
:‘_‘2’
2
&
)
ok
i)
-
x
[
N,
o>
r o

101




Extending and Embedding Python, & ] 8] 3.10.13

C.3.15 zlib

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

Ag3te] WEH U T

Copyright (C) 1995-2011 Jean-loup Gailly and Mark Adler

This software is provided 'as-is', without any express or implied
warranty. In no event will the authors be held liable for any damages
arising from the use of this software.

Permission is granted to anyone to use this software for any purpose,
including commercial applications, and to alter it and redistribute it
freely, subject to the following restrictions:

1. The origin of this software must not be misrepresented; you must not
claim that you wrote the original software. If you use this software
in a product, an acknowledgment in the product documentation would be
appreciated but is not required.

2. Altered source versions must be plainly marked as such, and must not be
misrepresented as being the original software.

3. This notice may not be removed or altered from any source distribution.

Jean—-loup Gailly Mark Adler
jloup@gzip.org madler@alumni.caltech.edu

C.3.16 cfuhash

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

]
N
L
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)
A
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Copyright (c) 2005 Don Owens
All rights reserved.

This code is released under the BSD license:

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

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

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

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

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS
"AS IS" AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT
LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS

(TH& ST Aol A1)
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FOR A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE
COPYRIGHT OWNER OR CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT,
INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES
(INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR
SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT,
STRICT LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE)
ARISING IN ANY WAY OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED
OF THE POSSIBILITY OF SUCH DAMAGE.

C.3.17 libmpdec

_decimal EE2 Y E=E ——-with-system-libmpdec & T4 3}X] &+ F, Z3HH libmpdec 22 AFE S

ALgste] e o

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|2E 2~ ¢|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:

* Redistributions of works must retain the original copyright notice,

(TH& ST Aol A1)
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this list of conditions and the following disclaimer.

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

* Neither the name of the W3C nor the names of its contributors may be
used to endorse or promote products derived from this work without
specific prior written permission.

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

C.3.19 Audioop

The audioop module uses the code base in g771.c file of the SoX project:

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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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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