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CHAPTER 1

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.

1= = E

sho] 7] Ahg Ak 21 A wpol ] 2 shol M 7] AR A YA vhol 2] Bge] A4S T
sote 2 71X AR e BT E TR g Bkl #4 B 5 HEE o] o w8

ol 2] 742 o] ol tief A = =2 F o



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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CHAPTER 2
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https://cffi.readthedocs.io/
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spam(E ¥ 3to] ME o] 7HF Fotste 24 ) olghe & RES WEAlIT 223 C golB Y T
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>>> import spam

>>> status = spam.system("ls —-1")

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

s1ele) g F 2L thew 2tk

#define PY_SSIZE_T CLEAN

#include <Python.h>

0|21 sho] M APIE ZHA & TH(ABTHE BE Y BT A4 BAE AWFe 2L 718 5 A5

oh.

A% AA el 7] A& A Y 5 Yol A, BE

hE 28317) Aol $4pPy_SSIZE_T_CLEANS A3t o] EH UL o] viaz o tigt A2
2 gl A ol i %%6}71% EES R

Python.h7} B3 AL AL = 4 A= 71 Z & £F v vhdo] Fod 7|5 A9 8tal B Py PY
%STA}E ZEUth B fl8), 2183 vhold e Z e} FH S A AHESHY] WiEel, "Python.h"

2 7] 22 8 Y oS Efﬂ'fﬂ'ﬂﬂ— <stdio.h> <string.h> <errno.h> ¥ <stdlib.h>. Z2}9
oﬂtﬂ #helo] Az elol Yo, T malloc (), free () ¥ realloc () & A7 Ao

SgO® 2F 5ol 315 A2 ol ¥ 28 span. systen (string) o) 3718 0 239 C 4

Yot (ol 0] o)A 525 =4 2 A 2 AU Th:

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);

}

sto] o] AR EF (& o, L FHA "1s -1") oA C T = AGE & AR E 9] 7hdet wigte] 9%

Utk C grolls 34 self < argsﬂ}% He] A27F A5 U

self A= 2E +F T5olA 28 AAE 7Y, dA =9 B9 A4 d2d2E 7he 3

args QAR AAE Z st vhojd 75 Ao it ZAE YUt F59 24 FHL T F9 AX F550

Ae QAo A FFUTh AR sto] A AR PUT — C FolA FA7ME s st oS Cges

tﬂibﬁ of Futh sto] & APIS] PyArg ParseTuple () &+ AA FE &sta C oz AEF o
Uol 4ol gt Q1B sl o] 2 R B E osol ol ul £AIFHITh— kel Ded ol A2 AEE o

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




Extending and Embedding Python, £A| B{% 3.10.16

B2 BAQ S AR kel W g oA W3k Wk e A C WS ¥e 2R TUTH Yol o] Ao s
A F] obi A ok

REQzIY Yo| entEn d Y A 247t F47 AL Mo AFEH W, PyArg ParseTuple () & &
(001 ol g yth S wragty}. vmw L o EEol ALHE AR (0)L WUt T AL 5 &
S 7 (G o A B 0]) NULLS SA] ¥Hahe = Q= & # F 3l o 9 & v A Ut}

2.1.2 okZi=2: o2} o<

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 API: Thebat Wl o] 9] 2 4487 918 o2 42 Aol

744 dubE ¢l AL PyErr_SetString () YUtk UAE o9 AR C EALGUTE A9 AAE BE
PyExc_zeroDivisionError$ 22 ule] el ® AR AUtk C 2ALL o 2] 9L vehw shol 2
TG A = HEE o] o 9] o] “AdH g o2 AFP YT

—

T e 583 4= PyErr_SetFromErrno () §

u?i’ I
S

t} o] A4 o9 XN HE L AY WS errno

< AAbstel #E g AU 7P 4vk J % PyErr_SetObject () |, o 2] o} && gl
el AR QA2 AT o] el BoSol ADE - AR E by INCREF () & BEL 95T
PyErr_Occurred() 2 Oﬂﬂ 7t AR of A=A ] 2 ﬁﬁi A lF U @A) ol 9] AA Lo €] 7}
S EE A eFgko W NULL S WHE g o). e gk 011/‘1 P glojo sl A dRtH o= gha T E oA ol 27t
LAY =A 7] A6l pyErr_Occurred() £ sEgdes sk

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.)

Asfet 522 A HE A9 & -‘:F/\]?S}ﬁtﬂ,}?yErr Clear () E Z&0td o9 2= BAIH 2= 2| f]oF
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static PyObject *SpamError;

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

PyMODINIT_FUNC
PyInit_spam(void)
{

PyObject *m;

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

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

return m;

of| 2] A9 ufo] M o] EL spam.error Yol 934 A L. PyErr_NewException () @'—T—t (NULL tj Al
o2 FU a7 AEE A &= S wolx iﬂ]/\ﬂ (bltin-exceptions 9| 4] AW H) Exception?l FHAE BE
T AFYh

SpanError Wi AE WEOIZ o9 Fejaol e A2 E B
UtH Q7 7= o o3 o] 7t Rgoll A A AL 5 7] wjFel, % B A A SpamError 7} W2 ®
(dangling) = Q1 E] 7} = 7] Q= 5 3} W, ’p:?/Hioﬂ 8_ 7F 94Utk wjgd 2ol s}
HH, ool & HAA 7= C ‘:7}3’01 =js T% 4o 4 JdHuth

o] AZ o] FIHE A pyMODINIT_FUNCE g W3e o 2 ALg3hE 2o sl A 3

53} o] PyErr_SetString () & T &3lo] B3 2 E 0| A] spam.error & T Z = dHF5 U
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static PyObject *
spam_system (PyObject *self, PyObject *args)
{

const char *command;

int sts;

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

sts = system(command) ;

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

}

return PyLong_FromLong (sts);

8 Chapter 2. HM|&tx} 3 Ql0| &5t OLE 7|
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2.1.3 O|M| 2 E0}7}7|

ANA| 2 Fol7HA, oAl o F-E o] 2= ol o lofoF Futh:

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

AR FF oA of| 27} kA= W PyArg_ParseTuple () o 28l 2789 ol 9] o] o =3} NULL(ZA] 2 <
& At oo el EA) S AT 124 oW Qo] EA4L ghol Ao W5 connando
EAE ST ol A2 2B i FolH Zte] 7= EAE S AN s S HU T (WEkA & CollA], d
command+= const char *commandZ W2 A A A F ofoF g},

U5 242 92 9 systen () = 254, PyArg_ParseTuple () oA @2 A2 = A2 th

’sts = system (command) ;

29 spam.system () = sts e ol AA 2 vEgs) oF Pt ©] A2 PyLong_FromLong ()
& AFE st o] F oYt

’return PyLong_FromLong (sts);

o] 4%, A AAE A F U (o, AF2AE sto]Hol A= 7] e AA YY)

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

Py_INCREF (Py_None) ;
return Py_None;

Py None-2 54 3lo] 3 212 None ®] C o] 5 JUth ol A W ok ol, thi-2 2] Aol Al “ofl2)” & Sot=

NULL % S1E 7} o) 2} A 3ol A 24 ) th.

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

sho] W =z 196 4 spam_system() o] oW TEH A Mol FATER & YFUTh WA, WA=
Hlo] 27 ol o] 27} F45 Lhdalof g th:

static PyMethodDef SpamMethods[] = {

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

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

A HA] = (METH_VARARGS) ol o5 A| L. o] A2 B Z ] H oA C Il AHSE 22 132 €8
FE=ZYad YUt} g¥tA o 2 A METH_VARARGS Y METH_VARARGS | METH_KEYWORDS o] of gt t};
0 %2 H= AH8H A ¢+ PyArg ParseTuple () ¥ o] AHEE S vyt

METH_VARARGS ¥t A&, &= Tho] 45 w7} W47} PyArg_ParseTuple () & &3 & 249l
S8H = FEE AEE A= 7|val of Futh; o] Froll th gk A g H K= ot ol AlF
719 E AR ol el of i, Al A = o Al METH_KEYWORDS H|EE A4 &

A Cre 7IHE 97t 2 Al A pyobject * wi7) W& wolS o of P th. o] 23k ol
PyArg_ParseTupleAndKeywords () & AF§3lo] AAE & EA 34 A L.

WA E Elo]Be BE Ho| T2A o A Z2F o] o T
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static struct PyModuleDef spammodule = {
PyModuleDef_ HEAD_INIT,

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

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

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

3= o] o] of P Th:

PyMODINIT_FUNC
PyInit_spam(void)
{

return PyModule_Create (&spammodule) ;

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

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

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

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

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

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

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

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

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

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

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

(TH= sTelATol A%)

10 Chapter 2. ®|&fX} =7 10| &% CHET|
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R s S e e P I )

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

PyMem_RawFree (program) ;
return 0;

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

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

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

Mg G2 BT Aol ok T F A4 2edo] o AgrUth Az shol Al 2HTte) 92, 57
S5 AR A G ALl A B s A £ ot} 2ol o] 2ol £ G 9 2 Ee
Wl =3l Ao Jd’ﬂ Z(Ce C++ FF L ETL] Z‘)ﬂrﬂ‘: A E o) tf 3k AR S FH = o]l ik HAFH =7}
AH (A=A C2FC++ FF HET] ) E FERIAHAIL

54292 A48T 4 QA RES ol e HY G AN REOT HEAW, 74 A4S W7
51 ARl & A Aok HU £ FAE, AL Fse A A GBI GEEE 2
] Z 9] Modules/ U aE o 3L (o = spammodule.c)<S =11, Modules/Setup.local 3}

oF e Fde Ve T E2 ?—7@}@/‘13:

spam spammodule.o

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

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

spam spammodule.o —-1X11

. CL} C++2 TIl0|M 2tZEH517] 11
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FAECERAA o)A B Yo g B GLITh hE BEE A4S 2 deun
chals, st QB meEE AR A0 R G B2, shol W Y48 T BE AT |27} 9%y
(54 £ALE dHo® sol A AT TE oL Wol el At TR FASUT — B4lo] lrh,

2 S o
gto] M & FE oA Modules/main.cf -c H¥ & 34 73 é}iﬂﬁﬂ/\]g)

shol W P4 BE 7= ASUTh WA, 3o
Aok Gtk o & A3 T4 (EL THE A
1ol 5100 A28 5 oyl ol 1ol 3
alok she A0 #3144 2)). 8 Sof, e 4k BE Aole] g%
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)

static PyObject *my_callback = NULL;

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

PyObject *result = NULL;

PyObject *temp;

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

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

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

}

return result;

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

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

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

AR 7F 95U

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

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

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

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

int arg;

PyObject *arglist;
PyObject *result;

arg = 123;

(THE seTATol A1)
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/* Time to call the callback */

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

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

PyObject_CallObject () & Itol& AA| ZAHE W& FUrt: o] AL FfolH 49 vk 3
dUth PyObject_CallObject () &= QIA} #HHA I “Frx A FHAH”
PyObject_CallObject () ©& 23 Py DECREF () H§+ ¢ o
PyObject_CallObject () 9] Wk ZE2 “Af 21”7 d Y o} 2H7A 3] 3
AR DUt whetA], A9 Hao AAdste]= 2 o] obd gk AAF(53]) L grell &4l o
Py_DECREF () 3l oF g} t}.

WA Al A Z53F A YUt} PyObject_CallObject () 8h= C &7} gfo] Mo A T&FH %

)8 SEA A o7 BAIE BBetol, QB E 7} 28 £ o] A5 451 L BE S sl W RET}
o918 Hel @ 5 AEZ Fuirh olzlo] BASAAL MR SA QO W, PyErr Clear () & BE 3}

€1 & Ao FU Tt ol & EH:

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

W Fhof s Yok QB F o] 20 whe}, PyObject_CallObject () o A&} HE55 A5 of

g = QsUth wiof we Az BE58 Zu B A Q3 22 AdEH oA E Fa) vlo| A =2 a3l A

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

Utk o] A de 7hg e g Value () &
T E ALY, g I=E AT S S5 Utk

v}
I
o
o
-
—
Q.

PyObject *arglist;

arglist = Py_BuildvValue (" (1)", eventcode);
result = PyObject_CallObject (my_callback, arglist);
Py_DECREF (arglist);
if (result == NULL)
return NULL; /* Pass error back */
/* Here maybe use the result */
Py_DECREF (result) ;

5% A%, o2 47 Aol Py DECREF (arglist) o] Bl xo] $-2 84414 21 3t A A okA] Baba o] T=7}
57 QLo E §2]5H4I A 21 Py Buildvalue () o 2 2] 7k R 5 9lo)A] BHols] of 2 k.

A=
AsUth 19 elol A &4Eo], Py _Buildvalue () & ARt AWl E FA T YT

PyObject *dict;

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

return NULL; /* Pass error back */
/* Here maybe use the result */
Py_DECREF (result) ;
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2.1.7 EZ S0l M O47] Hp =S5}

PyArg_ParseTuple () T+ U3 2o AAg Y

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

arg A ol Mol A C 42 APE & AA £50] X8 F2 Ax o of FUTh formar AR £
EAFg ol o] of &}m, £32 5ho] A/C API & 7 #1 2 v} 7 A 9] arg-parsing o] A o] QlF Utk e A AAbe
ZW ALl o sl Fol 2AH = W] Faofo Pyt

PyArg_ParseTuple () & 5ol & AAp7l 2 75 & B AA Al apAwh 5 &0 Add C S 209 #
& FAT e QeUth 445 3E, A=7F FES AL Aol Wwe Qo vEE dolHr) 2

Y

e,

&R0 A B & BE T8 AA FRE
w41 A] 21

-2 (borrowed) FZ Yo Fo AN L F2 AFE E0]4

2 7 oA 5%

#define PY SSIZE_T CLEAN /* Make "s#'" use Py_ssize_ t rather than int. */
#include <Python.h>

int ok;
int i, j;
long k, 1;

const char *s;
Py_ssize_t size;

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

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

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

ok = PyArg_ParseTuple (args, " (ii)s#", &i, &3j, &s, &size);
/* A pair of ints and a string, whose size is also returned */
/* Possible Python call: f((1, 2), 'three') */

const char *file;
const char *mode = "r";
int bufsize = 0;
ok = PyArg_ParseTuple(args, "s|si", &file, &mode, &bufsize);
/* A string, and optionally another string and an integer */
/* Possible Python calls:

f('spam')

f('spam', 'w')

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

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

(THE seTATol A1)
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&left, &top, &right, &bottom, &h, &v);
/* A rectangle and a point */
/* Possible Python call:
£(((0, 0), (400, 300)), (10, 10)) */

Py_complex c;

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

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

2.1.8 &% gt E 2[6 I = D7 B

PyArg_ParseTupleAndKeywords () &4E o33} 2ol AAdg Ut

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

arg &} format W 7 M 4= PyArg_ParseTuple () 59 S AUt kwdict vj 7] A4+ 1}o

Al Al AA WA A= £AE TIHE wmmq;qq fwlist T 7)) W= w7 W g A9 3
AL NULL T8 E5YQYTH o] 52 AFMA LK formar®] § FH e} AAFYh A
PyArg_ParseTupleAndKeywords () & IS Wdsty, 228 % ¢ko 7-] AL wskata A

AA QYT

1=}
T‘:/il

B3 ANE AAE AEL G FAT
AGE A TypeErrorE WA A Yt}

i
o
]

T R UTH kwiistol]l gl 719 = w7} H7t

o

?_

4

T}-&-& Geoff Philbrick (philbrick@hks.com) ] o] A & 71¥F 0 & 3}, 7| Y & AM2 5= oAl RE YU

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

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

int voltage;

const char *state = "a stiff";

const char *action = "voom";

const char *type = "Norwegian Blue";

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

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

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

(TH= STl Aol A1)
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Py_RETURN_NONE;

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

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

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

2.1.9 29|9| gt # 55}

o] g4+ PyArg_ParseTuple () o] Wi A Yt} b=} o] dAdg Y th:

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

PyArg_ParseTuple () oA AAH &= 21 FARE 29 ©h9) S A4 8hA] v A (3] &2 o] o2}
dgduh= iO]EV} ol gl 1 ghol o of k. aho] oA TE37EC ol A vEekahr]of] A 3k Af
atol M A& vk ot

PyArg_ParseTuple () #&] & 7}A] abo] A 2 2k= A AA] AA7} F&o]of
A YERAcr B2z RV g EJdYh, Py_Buildvalue () & A
0 A9 F o) gol Eo w9t EHE A FEL Y= =
g waath A543 shite] £ TS EehE, 1A 0] Loiol
WHEtU T 27]71001u 14 REe AAE Wehel =5 s, £

[e)

AA (FHFS ETZEo|1, L BF

o

A9 (FFo] A AR} FHE 2
S dEsAE gdsUth
Ak o] Wlo] 9l © W None
o9 7t 71s sk AAE
Z2EoAAAL.

4
to g X2 4 2
i M2, M e

fol

Py_Buildvalue ("") None
Py_Buildvalue ("i", 123) 123

Py_Buildvalue ("iii", 123, 456, 789) (123, 456, 789)
Py_Buildvalue ("s", "hello") 'hello'
Py_Buildvalue ("y", "hello") b'hello!
Py_Buildvalue ("ss", "hello", "world") ('"hello', 'world')
Py_BuildvValue ("s#", "hello", 4) 'hell'
Py_BuildvValue ("y#", "hello", 4) b'hell'

Py_BuildValue (" () ") 0

(THE seTATol A1)
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Py_Buildvalue (" (i)", 123) (123,)
Py_BuildvValue (" (ii)", 123, 456) (123, 4506)
Py_Buildvalue (" (i,1)", 123, 456) (123, 4506)
Py_Buildvalue ("[1,1i]", 123, 456) [123, 456]
Py_BuildValue("{s.l s:it",

"abc", 123, "def", 4506) {'abc': 123, 'def': 456}
Py_Buildvalue (" ((ii) (ii)) (i1)"

1, 2, 3, 4, 5, 6) (1, 2), (3, 4)), (5, 06))

2 &3} & A sk A2 ii:fﬂ]‘ﬂﬂ FEYT C

2 =y 33?}14‘3} C++ol X+, A HPnewS’Jr delete:
ZAEEY e FAnEE =25 CY 492 A AsyTh

malloc() & & &FHd BE Zoto] AHE ZhEdt MR 22 9

g=] ojof Utk A A9 free () Fo FAE Ao AT, free()%

BE8A row 2230 % ek Ol S e
Emalloc() TES T EES R

freed memory) Bt Ul 27|35 X &2 HolHE X3}

1:4___,_ XLEQ 7:1_,,], ]i\_

M el dugel 9L TS FH LA J2YUrh o § o, gL HEY B2 Y
L, oW AL BTk, B2 oA AA T S UG UTh oA G50l Bhe 87 AFol WA o of
242 ZAFE Aol et AAE FAT G52t 2710 BB S YRR Ptk o] 27 DES S Y
58 ol TE0) 2718w, 29 W 258 SASE A Aojulels]l g ol T rgt

PEAE A ks UTh ol 222 AA 29 F2 FEo AR o] o AW,

A Aol TF LA F ¢

o o] H A A~ H o= ‘E%}% 7R vl R 2] 7F Qlol A, = ‘3}% fé}—/l\—% A /‘]'%?_5]'% L A= Z2A

2o AR =7 Urebd U Tk whebA, o] | F R ol EE Y A ol A ek Tl T e e s

sk o] ok

gtol & malloc () F free () & Bol AHEaH7] w0, vl =2 e + S Al w2 2] ARE-S 98k A el

oot AHE HH S ZF=2 314 Al 7] (reference counting) BF L UHJI:} Y= 7rast th: 2 E A A o=
+HE 2gdh 7]'-"':4 = 7“7_4] of ek Fx7F ol d7tell A2 wf S7bstar, Fx7h AAlE of Zast

7 3
Yok e E 7k 0ol 21w, A7 ol thak vpx o =k AAIE Zo) 3 AR 7L S A E Uk,

WAl DS A5 7181 A = H (automatic garbage collection) 0] g2 FYch W2, ZF2 35 M7= 7 A
7 Aol 2k A, T 1A 2 A7) 9 A5 E EAG o) AT bl A 24 AL E B e
AEA) free () & BAALE 52 AL/ Athe AY U (£ 02 F 48 o) 42 S} w2 el ALE
ol 7)ol A8k — o A & A Aol ohlieh) ﬂ°04ﬂ%@éﬁ*wﬂtﬂM@Mﬂ¥@@
T QAT (Frmalloc() Ffree () EAEE 5 U T — o= CHEFl EZFYH, AAE o] 44 A=
A% A £ A7 SR A9t Q7 CS 5 5 9] o 44 A AE A+ AT S
A& AU T, Pl Fx A A Solor €AY

_{

1A 7] % A3 gk
2155 AL sl 7

Sl 58 e e A8 Ao AL O AD B HEE B e A a
7hil 2] £29] FA AU Thel thal A4 5HA shob= BUth FE €L (1AW 1Y A 02) A4l T3t
A28 3ok AT FAT N, £ 8] 2 AR £ 00] ohd Fx A5 E AHUTE A Fx A5
A7 FRANE 23 AR D3 F71 F27} elehe G2 2] AR o] St vmel 2 do] £
AANA F2E W2 E 25T 5 fgh

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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Lo MollM FZ= Bl M7

Fx AT S FAE AP T 7§ o] vj 2 £ Py_INCREF (x)
Py_ DECREF() = 357100 =2t AAE A= gk #4
?M Fsyth — oA, Zﬂiﬂﬂ 3 ZL‘Zﬂ(typeabJectMl Ae T 2AEHE
= el B Aol e g & Ao g A= =33g Uth

ol A & Aol F5 Utk AAl Py_INCREF (x) & Py DECREF (x) & ARG U 7R WA & 712] §o] & 474
stAsUTH ol = AAE “A - (owns)” O}Zl ‘E%SHD} ] 19 1)r, Aol et FxE ﬁ‘_%(ownareferenw)
4 AdFUth AR Fx 5L olA] o] A & FRE 2FF TR AP U FR 2 FAEHe
#27} 9257 4L ol py_DECREF () & SEAFFITE B2 5L :

F=E Z%ff}h Al 7AA g o] syt AR, A7 B Py_DECREF () S&. &2 #2328 A2 3HA] o

W =) 7k B ok

=

AA EH?Z FzS L= borrow)’ A% 7Hs U Th Fx2] o] 2} (borrower) = Py_ DECREF()%iéﬁﬂ
HE BT, dol At Wel £f ARG H oo AAE BROLAE & AU 2547} A2 ¥ 28
B2 E Ao SAH v ZelE AT AT o) ol 4] Aol s of ok

Tz afo madu g7 o) IEE T M BE A2 FxE AT Dot e
AYUT — =, Wel & B2 8 g st 571 52 Ao o] 9130 St 295 20 HI s W=
A9 92, QR ke ZEAR W& AfATF AR E F2E AL Fol U™ F27FAEE
T e TR FFe] ke AU

JE F2E Py INCREF () & S&3510] /3 2= MRS ¢ AdFUth o= F=2S W82 £ {744
BElol FFE UAA Gyt — Mz 27 F2E BEL AT 2724 AL FAFUTH (01
SfAHERE obU R Al A b FE2E SvkEA AR oF gt

273 73

AA B2 G5 FHOT A2 ujvteh, £FA0) FR FA ADH A 1A FLAE G5 AHH o

A K E R

A HE FEE VBHE R FE B2 ¥ 259 A2FU 53,
PyLong_FromLong ) o]Y Py_Buildvalue () & Z2 A AA & == 7|52 7M1 RE S¢E 4o F
A AR A ALY Th AA L AAZ A AA 7L kA, o 18] S A o] o2 A F2of £
§7¢ e o & B0, Pylong_Fromiong () & £8) ALEH = 3ol A B §A5L AN B FEo]
o Fxs e S Jdaunt
e AAelN AANE FEHE B YT A2 FA 250 ALY, o 5o
PyObject_GetAttrString (). 2y 2 7}A] LREA QA FE o] o 2] o] 7] wj £ ol 1 o] H&3}A] ¢k5 Y
c}: PyTuple_GetItem (), PyList_GetItem(),PyDict_GetItem() 13—leDict GetItemString ()
LRERE gae me YA 1Y 32 S 1T
PyImport AddModule () 4% AA= vidst= AAE @5 ¢ JA D FZ2 5 9kskghu ) 204 o
e 258 B2} sys.modules o] A of g17] Wl ol 7hs g
A FRE O T Oﬂ Ao, dutg o g, e AR o2 R IR E LDHUt — FxE A7)
oF 8}, Py_INCREF () & AH&3}¢ E%l 227 g Utk o] FAE F 7HA] F 8% &7 sy
PyTuple_SetItem<>PJrPyList_SetItemo o] J#—%% AGE FEo st 2FAS AFUH— AA
AsjeteetE! (PyDict_SetItem() 3 L AT ES 2FAE FASHA FFUT— o] 5“4 Juth)
CY47L oA T2 D ), TEx2 Ve & Aol et A2 AGUTE TS AA A o BB
$57h 0EE wbA BRI ol H @ 0Y FRE AZSAL

F3H7] Wl 2o, ¥ e Fx9 4“3
Xd%*éﬂ oF & wj vk, Py INCREF () &

2 3z <0 )7 (borrowing)” S A8 WHE A QU Th £RAE o A3 FE AR AT YU
3Bz 057k o) 4 AA FeAshe A AFHA Tt — F2 A5 AR AA Y v 2ol 9L 5 o)A thE ARl A 452

%+ 9% oH
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shol ol B2E C B0l Mee AR B2E £58 Fxolob YU — 25AL BN 2R

Al

=220

An)o) 2o 0 F2 Aol BAE Q0D 5 gt @ A4 FFo] AFUTh A AFL B Fx29)
ARAT FEEARFES T 5 gt Az He) FAH 553 Bl JFUT

74 WA Golok @ A 88 FSE P2 G20 A B2 E Vel B BAo] Gt AR A

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

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

o] e WA list (0] ol tht F2E WA Th, list [1] 2 02 E v, v 2o g 19 JIx &
AUt Fefjsl HolA 22 spA| vk ZH A k5L tH

PyList_SetItem() S29 Ao 35S e/l FAILh I 2EERE T
S AT Y F= 1S 22 (dispose) 3 oF Tt} o] A P FFE o] X &
7}k, St __del () WINEE At o 7HAS) FAITh o] Feia AaEAl FHx 3
1d o, o] & A& __del () WHEZFZEHUT
golHoz ZAAFH U7 wlEol, _del () MIAEE 422 slol@d ZT=E AYPT 5 QH Uk TA]
bug () oA itemol] 3t F2E FEARZ st= A T3S+ &

=
BAY R0¢ Ga b, 2 PHL AFUth AANACE B2 A5 E SN L. SR WA Ft
che s 25

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 ookl JUth o] A WAL Thol Mol = o] 1] WP o] g o] O +FTF__del ()
H A E7F A5l 3t o] 5 ot 7] 18l C o Aol A st Al ZhE B llF Ut

W Fxo] A7 e F i A 2des Add Ay JUch dtd oz, sto| o) x| AA F3H<
B3 A Fo] QlojA, ho] A Z B9 o A¥ =& o2 2159 2o 7101 & 5= gls Utk 18,
W] Z 2 Py_BEGIN_ALLOW_THREADSE AF&3}o] o] 28 UA|Z S 2 d]A|3}1 Py_END_ALLOW_THREADS
E A3t A R T 4 9ISt o]l = B2 /0 SE A T8, V07 $EH 7 E Ve s Sk tE
Y=k Z2ANE AT S Q=S P 23, 0hS Gt o)A s 22 FAZL Atk
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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 = QlE

dumA o7 M FZRE AAR Aot T4 NULL ZAEE AGT 202 73R ko, 127 39
FolE H2zgyrh (£ o] &9 ol G FUIU. A FxE dste e ditg oz o 97}
S 512 S vheb 7] 9191 A oL & J%‘r?}‘% Tk NULL A 7&‘/\}5}}] % ol el FF Ao
T2 AA S e ol Al WiEdUt — 2 STk NvLL e AART, S5 7&47}“»%0] ‘:‘a“g?'f}l
F=7HY =2 A Agg

NULLY & 9l ZAE 7 A2 o] “Ax” A v NULLS AAHE Zo] £5 Ut o8 0], malloc ()
ojub ol 2] & WA E 5 U= Tl Al

"l 22 Py INCREF () 9 Py DECREF () £ NULL ZAE S AASHA gHUTh — x|, 159 A
Py_XINCREF () 2} Py XDECREF () & Zl gt}

EX AA PL 3ol Y3t Z (py ype_Check())% NULL ¥ 0B 2 3ol a1 x] k& Tt — oA, of
Jehere Aol ol AAE B A0 A% 014 o5 & ol W BREHE T2 BobA, B4 AAE
AAD UL NULL ZAALS 3= 8-S gl

C Tﬂ- E'g W’ﬂﬂl/]z ° C U]— Oﬂ 7(’] 111—1:4 O]Z]— (Oﬂ 01]/\1—‘5 args) O] éﬂ] NULLO] o]_\é_% EZOL—E’,}]/]T;]——
%‘_Xﬂi% FA EZ 9 Ex]—g-l/]qﬂ

NULL ¥ Q1|8 shol 1 A8 Aol A “WhA A RhE £ e A 2ke o e duin.

2.1.11 C++E =& 21517

CH+EFFEES AT 7 dsUth SR AT AR Aggyrth v =213 (3o JHEFJH)
°o|C 94_401315; AotdEa g3, /‘E*JXV} Ae A “Olb} @Zi(statiC) AAE AHEE o st v
22w Cor AnAelz 28 Aol AL A Rtk stol A AE ze 7} 52T B (53,
BE 273 @) extern "C"E ARSI A oF FUTh extern "C" {...}Z Jo|W HH }dS
2 B2 AFYUT — _cplusplus 7|27 B S W (BRE A C++ Aopd el 7} o] 7138 FJdUth
ojm] o] A& AHEFth
21.12 =& 2 =2 25t C APl ®|=517]
e B RES TR Fol W AT M2 o F S AFetA e & R0 =T e
RE {8 YUtk & 50, FF EEL TA Qe BlaEXE 5ot gl 2 FIE 5
AFUTh BE ol g|laE Yol 7 LEo] 2|AES WEL AT A St CAPIVF e AAH,
ol Mz Zdd Folle the & ZEANA AH 24T 5 v C T4 Jdo] Ylofor Frt
gl ol AL A2 AN BYUrh @A 45 AL (EE statics AAsHA k), A2 3 &t
5191S A B3, C APIE A3 Th A4 o] 22 55 8 w5 o] G4 sho] A ol e] % 2] t] 9} 3 How
9as0} Jobe FFYUG 1o} RELS B9 oludez ASSY, @ wEd| 498 /57 o2
teedEr 28d TE FAS AL T ol BAL FAHA AFUTh— o AL A3 71E ol A Yol TAF YT

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




Extending and Embedding Python, £A| B{% 3.10.16

m

N flo

e 99] » 2 2 A o) whek ehg o of W A
iAo Il B 5 ool rel A o A8 AR e M (B A £,
T EREEOEAE 2 WA 0= 875 (AX 7 SHke] o ujeh, o
4T S R T (3 £, 8
Fol obx 2E5 7 4S5 A% UTH

!

oL
>
o

¥
oM rlo 1%

a9

N
i

N
N

};ﬂo_iaz_qi o2 Holgegs, &35 = ¢

webA o] Aol = 71 & ZhAI A ol el 7 8hA] o= Aol R F YT ol AL thE & EEHS o5 5=
S W5tus, 259 273 F4E AR A RE BE /)T starico® HAMF TL gt
(*“*4 E%«l Uﬂ/ﬂ‘: Eﬂ ol & 437@} 694011/\ ArE o)), 28l o] thE B RE oA AAM X Bl ofvt

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.

2 252 CAPIE =Et= ol &S AHSshe ol o8] 7HA 7k Sl th 2 @7k Al ke e
DA RECAPI ZAE 7 AZE s e 45 Zﬂgi Al 1??3 T %%HD} a2)al 2JAEE A st
AW e FAd-e =5 AFste 54 2 E‘rol"dEE grofl of 2l kAo B4 4 s U th

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

=8, CAPIE B/h5He o] A8 & Aeol s thg 7 7ol w0 52 2 Al of gtk

modulename.attributename

A Al FH CAPIE ¢9A 28 & 4 QA5 A&

A9l g4 pyCapsule_Import () 5 AL3SIH AES &
o] = C API AF&- 2ol A 24l o] 2= ) 7,§g°ﬂ =HFE CAPI

g
ol &l 01%&‘374"‘?1%”511‘4133"‘43} =¥
7h2eH o] Jlvke e FUth

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.

YEWE RE2 4*4 7“4?* o9l spam BES £ AYJUth spam.system() T+ C gto]H el g
U‘—r system() & A TE3A = Z, AAZE o] ERS AYFES P (V1 B W H ol “spam”
F7Vel= AT L%) PySpam_System() &4E &Yt} o] &4 PySpam_System() & T}2 &3+

“%E W E iy

3+ PySpam_System () 2 H WS C 49|

A
=
o
o

h)

, O B E AT Zo] statico 2 AAF JFYTh

static int
PySpam_System(const char *command)

{

return system(command) ;

}

Ah48HA S48 U Tk

rr

spam_system () S

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

(THS seTATol 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 AZ HEo A, thE & vhE ool

#include <Python.h>

e £ o 27 ok gtk

#define SPAM_MODULE
#include "spammodule.h"

#define2 3T 3}do] Fefo]AE BEo] ofd R W= BE 2TH S &= d ASF Yth vpA gt e
2,259 273} 4= CAPI 2 H v E-& 27|33l oF Ttk

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;

SER ERRE!

b
ok
=)
b

PySpam_API+ static Q2 AAFPYrh 18X oW pyInit_spam() ©] &

A

Z¢] B HE 2 3 t] 5 spammodule.hol 9o, the T 24U th

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

#endif

(THE seTATol A1)
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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 if there's an error.
*/

static int

import_spam(void)

{

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

I3

#endif

#ifdef __cplusplus
i
#endif

#endif /* !defined (Py_SPAMMODULE_H) */

PySpam_System () &gl AN 2317 93 FeolAdE BREO| sjof & 42 2713} 5ol T (AHA
" 2 2) import_spam () & E&3H= o] AHE YUY

PyMODINIT_FUNC
PyInit_client (void)
{

PyObject *m;

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

return NULL;
if (import_spam() < 0)

return NULL;

(T sl o] Aol AI%H)
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/* additional initialization can happen here */
return m;

74 spammodule.h 7} tha B4tk Adyth 22y, 71& F2E WEWE

WA e ® A5 e 27} 715 AT, 58 Agol ARH T vee BB
ST Al AFEHE Shol 2/C APL o) 3 @ 2« o3 29| capsules 445} A% 78 (3h0] 21 &
Include/pycapsule.h®} Objects/pycapsule.c ) o AHE o] 5t}

S Al ol =&

I wjxz9

[e]

s
2

2.2 = ZolstI|: RkaM

Shol e C 8w A4 WG ot Lise 3o AAAZ shol d el 24 5 Sl Az e
P2 4ol P 4I5S Ptk BE Py o) 1et H DL w2 A Al D7 Aol o] s of & Al F ALgol
95U T o] AT A= F A0 v ek 2hekek 2719 o

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”.

e, A SRS Aol sl w, Al @ AAE s ol ok g

18 FFY AL AR 4T S 9lo] 4, o] 76 C #3 2F custom ol A customol g A B
Aelse AadolAu B4 BEe deuith

E

23: o]0 BAISE AL AA (saric) YL Ao sk AFE A AU T )RR e] 85 o At
ok ST}, C API:= T3 PyType FromSpec () U+2 ALS31e] @ 89 #9432 Ao & 4 A&,

o] AkF A= B A FF Ut

#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, )
.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

(THE sTeTATol A%)
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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] Al = g Holl wf Y oF & A o] WA R, o] F3} vl Ho| 7] upghyth o]
1. Custom A o] £H A: CustomObject F+ZRA| o)™, ZFCustom 12 5}
2. Custom P& &5 W4 CustomType FZ2A| 0|1, 574 Aito]l 239 wf B =B 7} AAbst= =

2ot 3 ZRAE FAS P Th
3. custom EES 27|3}5t= W PyInit_custom &2} & & custommodule +Z A Y Yt}

R AA A

typedef struct {
PyObject_HEAD
} CustomObject;

This is what a Custom object will contain. PyObject_HEAD is mandatory at the start of each object struct and defines
a field called ob_base of type PyObJject, 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.

Fhshe Aol ol st Ale: 9%

1

Z31: PyObject_HEAD W{aE F o= Alu]Z20] g5 Utk A4 =

Astdes 283 AU

M

EE, AA= 9 A 07 FF PyObject _HEAD #& T 9o 271 HlolHE AFdUTh o & S0, &

gFo] 4 floatsof] o 3 A 2l = vh&34 255Ut
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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,

Fa: AR 27 ¢k EE PyTypeObject BEE UGetA] ¢F1 BT o] AA A E AA 24 ko,
2} o] C99 ~ LA o] A 1 (designated) 2 7] 3} AHE AFG-8h= 2 o] E5UTH

object .holl 9 PyTypeObiect o AA Aol 91 Aot o Be =2 25U rh A BELC
Asteiol] o3 00 A9 A M, BeshA) fom WA Aoz ARFsHA o 2ol AubA g,

3wl 3 WEA we oee 1 gk

’ PyVarObject_HEAD_INIT (NULL, 0)

o] 22 oA AFFob_base BEE 27]3}817] 913 D5 ALY th

’.tp_name = "custom.Custom",

2] o) o] 2. ol A2 AAe] ) A HAT U5 o 2] WAl Aol LhehghTh o & Sol:

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

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

O]EO] BEONEHFEE U F9 o&
L customO] 3] 2 custom©o]B}A], B custom Custom E A
9 ERHEE S A Jog TEH JITE P2 E ALSE Ao

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

o] AL M &L Custom J2HAE THE o sho]Ho] FF v mgFS & 5 Y= 3H7] Y3 AU Th
tp_itemsizex 7P 37] A o wk ALL= % 2

B3 sholdol A B2 AN 24 B 2
tE gel 2AZF 9l > YFUh 9 el B I e bases
Ut 2182 ko oy % W

tp_basicsize S ZEE 3} 9] g}

Hlo] A~ o] object o] AL, 1A ko H| o] A o] o

11, o] Blo]Ad T 22 tp_basicsizeE 71X A
__ o o] & WA g3l oF
T JdsULh o] wolag R} &
o A%, 0| AL o HE WL,
o 5712 527 WEUh
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Zd -~ Z8Y1E py_TPFLAGS_DEFAULTE A A s}

.tp_flags = Py_TPFLAGS_DEFAULT,

e ) 1ol £ oF FUTh Holw shol M 33744 Ao BE W2 B3
Jh w7k 2 2 5k, S5 Ze) 1 OR 3 of Tk,
9g AT

.tp_doc = PyDoc_STR("Custom objects"),

AA B = 7Fs A st 9, tp_new A2 71 & Al g sl oF FUTh o] AL o] M HIME _ new () %} F
S3LA uE HA| A 0 7 2 A& oF uth o] A Lo, APl &4 PyType_GenericNew () oA Al &dt= 7] &2

;163 :1L¥}+§ltﬂlﬂ ol/\L]E+

’.tpfnew = PyType_GenericNew, ‘

PyInit_custom() 9 €7 FE=E AQsta, 5t th2 BE W& 53l oF Futh

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

o] Z1& Custom F = 27|3}et=H|, A Fol NULLEZ A A3 ob_types E33to], o] M E A Z T 7| &

o AU

Py_INCREF (&CustomType) ;

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

o] AL ¥ EF 9A el F7FE U Custom S2ULE TE3H0] Custon ALHAE WS 5 9

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

o7l AEIUTH dobgle AL WESHE AAUTh 919 TES custon. cehe Yol Y

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

o

£ setup.pyehe gl Y& ohg; th

$ python setup.py build

Ao st A B el E gl 314 custom.soE B3N oF Fth sl E B 2| 2 o] 55t sto] S
Al ZSH Al L — import custom € 4 QT Custom AA| & = 4~ A5}

A oY A FFUTH 1A b

EE, 37 Custom FL 18 Tn|EX ¢5UTh to)E]7) 9la ol R AR 314 5 Uth A8 FPA R T

25Ut

Fa: o] ABALC S NES] 98 BE distutils RES Rol FATW, AA A Abelo] s
AF3F7 Be7 2 D setuptools ghol HelelE AHEsHe 2ol FH Itk o] A& FAshE ol
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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);
3
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
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,
(CFZ sl olAToll A1)
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&self->number))
return -1;

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

}

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

}

return 0O;

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

bi

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

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

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

bi

static PyTypeObject CustomType = {
PyVarObject_HEAD_INIT (NULL, O)

.tp_name = "custom2.Custom",

.tp_doc = PyDoc_STR("Custom objects"),

.tp_basicsize = sizeof (CustomObject),

.tp_itemsize = 0,

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

(TS sl AToT A

2.2, EEE Hol5l7|: RIEM
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(initproc) Custom
(destructor) Cu
Custom_members,

Custom_methods,

.tp_init
.tp_dealloc =
.tp_members
.tp_methods

bi

static PyModuleDef custommodule
PyModuleDef_ HEAD_INIT,

.m_name = "custom2",
.m_doc = "Example module that
.m_size = -1,

bi

PyMODINIT_FUNC
PyInit_custom2 (void)
{

PyObject *m;

_init,

stom_dealloc,

{

creates an extension type.",

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] WAL BEel = ole) 74 W7 Aol Yk
o3 22 371 23 (include) & F7HF U th
#include <structmember.h>
o] 232 Usoll d¥ste AAH o EREE A2 ote vl Aot A= AFdTh
Custom &2 oA C FZA| 9 first, last D number2] M| 7}A] tl o] g o] E ] HE 7} Y5 YTt firste last =
Q%J@%EQT%QQQQWM%HQmmMM gl HEX=C A$AY T
AR F2A L TheT 2ol AAF Yk

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

} CustomObiject;

/* first name
/* last name

*/
*/

ol Al &2 Hl o1 7} 91 7] Wi &ell, A A
A =722yt

A Bell H5 AlFsl oF gtk H 43, E A

pEE
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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 W o] th Yt}

.tp_dealloc = (destructor) Custom_dealloc,

= =Yt} Py XDECREF () + <¢lA}7} NULL ¢l
S (tp_new7} T 7t Adstd AT 4+ JAFUHE S EA A ddey 18 oS AA 3
(Py_TYPE (self) & AAFFUTH Y tp_free AW E S Z3to] AA R E ot AA ol
CustomType ©] obd = ol YA L, A= AHE S AxdAY 4

r{uLF

A
7]

e

Zr31: CustomObject * QAAE FHIEE Custom_deallocS ALY AW tp_dealloc T4 EQH
PyObject * QA& W& Ao F 7|7 W] £ 99 destructorZ9 WA|A HN2EZFEQ
T2 o, AstAe el Al 4 b AT o] Aol C= sh AR A%tk 4 QL T

S gl A3t o]Bol ¥l ExE 2 27|35 =2 313 Al o)A, tp_new L AlZ3 T}

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

CustomObject *self;

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

self->first = PyUnicode_FromString("");

if (self->first == NULL) {

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

}
return (PyObject *) self;

283 12S tp_new WH o] Ax3T}:
.tp_new = Custom_new,

tp_new A 2] 7]& B9 AAE (2718} i) 'P@)*@*éé}%iﬂ%‘% AUth sto] Mol A __new__ () HA
E2 22U tp_new WHE YT &= %3\2 ‘Zﬂi‘j %Q 33344 Custom “3«] &4 HWH

_]
o
WA A X H PyType_GenericNew
¢} last ©JEEREE NULLO] ofd 7

tp_newt A @' =
=

= 5] omType dIdeE=gSYnh
B ol & u

1= Ea Slg== st
AAZL AL H ], F5o] X A2 AE W3S 1o 7 7| g Yth tp_new
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A2l 7= B AR} 7| = JAAE Wols o] ARk, FF AAE FAISHL A A2 & 2713} (CY tp_init
tatele]  init ) HIAE=CA FAFUT

Fa: Azt FH & Ao, tp_news PAIH 2 tp_initE EE3HE < HUTh

tp_new 78-S tp_alloc €% T&5te] vl 22l & 3t Th

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

vl s e) gekol Al 5 9ol M, A7) Aol tp_alloc AF7HNULLE] obdl A Bels)of gt

3 $ElEtp_alloc %S A H

A FA AT U tiAl PyType_Ready () 7} o] S (7184
S 2 object YUTH Al A AJ<5to] o]
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OFE Shol 4l 4] FUAE ALt of 23 A9l Thol A B Tl 2sh Sk A FE5A 8L 4 ATk
(53], Typebrror & 97 GO WA, 0|88 4B 2oh2] AAHAE BEA XTS5 A& UTH)

]-o
©
o,
X
e/
N

o

AxdiY 2GS AT QRS Lol S ol

rlr
o\l

7138 g5= gel gt

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 R tp_init €& A3yt

.tp_init = (initproc) Custom_init,
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-wgmxs%eﬂwﬁﬂH4;MLfoﬂﬂzii%%W%ﬂﬂﬂJ%ﬂﬁizﬂﬂa%wﬂ%%
Ut 271312k 34 A1 A2 71 9 & QIALE whotEolm AF A 0 of g Al -1 Rkl of Ttk
tp_new A 2] 7|t Ze], tp_init 7} o} TEH A A T = %%QW(ﬂlé%ﬂ,plckle REZ7|EAHS
29329 dabrolN _init_ (S 2EHA AHUH. oY W 53D FE dgych 7Y Sg
A7 _init () MAEE 5285 AUtk old o R 2, A JELHE S YT wlx 23
Zolslok gtk ol & Sof rirst WS oS 2ol B Y3telm ¥ 4 ALt
if (first) |

Py_XDECREF (self->first);

Py_INCREF (first);

self->first = first;
3
SHAI R o] A2 A UL %2 B2 first W9 P2 AR ghotA, BE S/ AA7LE = A5
o} first Aol AN A3t L A £ ot TE7F AR E 2 S 3137 A7F IS 5 ASUTh £ 3 27}
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static PyMemberDef Custom_members|[] = {
{"first", T_OBJECT_EX, offsetof (CustomObject, first), O,
"first name"},
{"last", T_OBJECT_EX, offsetof (CustomObject, last), O,
"last name"},
{"number", T_INT, offsetof (CustomObject, number), O,
"custom number"},
{NULL} /* Sentinel */

bi

133 tp_members &%° Ao E ¥5Uth

.tp_members = Custom_members,

g 4 of NI 4 G A WL ATR IS AFHA gherhe A9
Utk ol 23 4L B4 Ao A hSHA R, BE stol A AN E FFT 5 YHUTh Ed =L RES
A

A 4 QlF YT C ZQAEE NULLE AA Ytk NULL o] ofd gro 2 "W E 27|38 & 4= QA vk o] E
B HEE AA S E Wi ENULLE 23T - d5Uth
O|EH AL olojE] AA o]5 L2 £33l Y WA E Custom.name () = FoJ T}

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

(THS seTATol A1)

Lol e AR 7L E Aol £E £ d 0 2 AR olehe 2e 43 9w FY o
2 9.2)9] go 7pi A A8 A QA 7] W2, o] S Al A tp_dealloc A2 7oA o AL A AH T
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if (self->first == NULL) {
PyErr_SetString (PyExc_AttributeError, "first");
return NULL;

}

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

}

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

o] WA=+ Custom (= Custom A B e 2) A2HAE F HA| AARE H 3= C T4 E:r"d%]qr)r )
MNEE OL/\EV*E A \A QAR HAFUh A EE FF AXLG7HE AR H AR o] B9l
SFRAE AR kobA AN QA FFoI /Y= AR GA RS WS Y R YUk o] WA =E
}2 3} 28 sol A WA =9} 5 gtk
def name (self):

return " " % (self.first, self.last)

first 9 last W ZANULLY 7b542 SHOI3) oF ol Rl SN . AA T 4 917] Wi elu), olwf NULL
2 249Utk oo o =g 0] A4S PA T o E el HE G BADZ A o] o 5L,
2 A Aol A o] % s s e A3 B AL,

ojA MIMEE A FF U A= Ao MidS TEofoF g

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

o

($-2] %= METH_NOARGS Z#) 18 A& 3ho] WA E 7} self ©] 9] 9] Q445 7 1) 3HA] &S LFEb)S
A]A]O)

183 tp_methods €5 4y

I
K3
Ho
o
o

.tp_methods = Custom_methods,

npRleto g2, 929 P& A FdY ol FHPAE AEE 5 YA vHE AdUTh s AF7HA
WS A AU ARGH I gl AR S Fof s 78S otA] = E A =S FA 2 s UTH A
e~ Z8 2 Ao ol Py _TPFLAGS_BASETYPE-S 3 7}3}7] gk & | U Th

’.tp_flags = Py_TPFLAGS_DEFAULT | Py_TPFLAGS_BASETYPE,

PyInit_custom() & ©]&& PyInit_custom2 () & B}4 1, PyModuleDef F XA oA BE o]E& 7
Al8tal, PyTypeObject R A A AA| 2 o] 55 AT th

npxete 2, A R ES WEF] 98 setup.py LS FAFUTH

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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ol oAz, Custom A AN first 9} last OB HETL UAH =4S o MESHA Al o1 oo
o
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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, "|UUi", kwlist,
sfirst, &last,
&self->number))
return -1;

if (first) {

(TS sl AToT A
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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 0;

static PyMemberDef Custom_members|[] = {
{"number", T_INT,

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

bi

static PyObject *
Custom_getfirst (CustomObject *self,
{

Py_INCREF (self->first);

return self->first;

static int
Custom_setfirst (CustomObject *self,
{
PyObject *tmp;
if (value == NULL) {
PyErr_SetString (PyExc_TypeError,
return -1;
}
if (!PyUnicode_Check (value)) {
PyErr_SetString (PyExc_TypeError,

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

static PyObject *
Custom_getlast (CustomObject *self,
{

Py_INCREF (self->last);

return self->last;

static int
Custom_setlast (CustomObject *self,

{

offsetof (CustomObject,

void *closure)

PyObject

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

void *closure)

PyObject *value,

number), O,

*value, void *closure)

"Cannot delete the first attribute");

void *closure)

(TS sl AToT A
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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 = value;
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,
.m_name = "custom3",
.m_doc = "Example module that creates an extension type.",

(TS sl AToT A
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.m_size = -1,

bi

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

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

Py_INCREF (&CustomType) ;

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

return m;

first 9 last JEZHEE ¢ EH 2= Alofst7] 913), AH&-2} 4 9] 1E1 (getter) 2} A E (setter) 5
AEFUTH first O EYREE 7M1 A% e thad 25

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

Py_INCREF (self->first);

return self->first;

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

Al e (getter) S0l = Cust om A A 2} “Z 2 A (closure)” (void Z A E]) 7} AZH Ut} o] B, FE2A = FA
14 =2 (E’-iﬂ = 89 HlolE] 7} A E1 (getter)g} xﬂ g (setter)i x% ﬂﬂ = T;,L /\}%u,g% 248y
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S 7Fs sk Futh)
A €] (setter) &

PyGetSetDef T2 A9 vl &

static PyGetSetDef Custom_getse

{"first", (getter) Custom_g

St ol = custom AA|, A ZF 2 = E A (closure) 7}

A% ol =2 R AAE Utk A8 Gsetter) ] A, 5] & o] 2]
ofl 2 & WA A G e,

312 BEUTh

th A e NULLY 4 9o, o

5 Ak A ghol AL o] of ™

Ay
FET} A

tters|[]

{

"first name",

NULL},
{"last",

(getter)
"last name",

NULL},
{NULL} /* Sentinel

*/
bi

e =)

tp_getset £%°| TEFUTH

_getfirst,

Custom_getlast,

(setter) Custom_setfirst

(setter) Custom_setlast

.tp_getset

Custom_getsetters,

PyGetSetDef XA 9] u}A 2t &

2 SolA AFg “F2A” YU o] A5, FEAE AHETHA] eFobA],
NULL ¥ A&tk
g o) e 3 o E ) Heol th 3t WM o) S A AT ok
static PyMemberDef Custom_members[] = {
{"number", T_INT, offsetof (CustomObject, number) 0,
"custom number"},
{NULL} /* Sentinel */
bi
T3 EALT AYHEZ tp_init X715 AUk Gtk
static int
Custom_init (CustomObject *self, PyObject *args, PyObject *kwds)
{
static char *kwlist[] {"first", "last", "number", NULL};
PyObject *first = NULL, *last = NULL, *tmp;
if (!PyArg_ParseTupleAndKeywords (args, kwds, "|UUi", kwlist,
sfirst, &last,
&self->number))
return -1;
if (first) |
tmp = self->first;
Py_INCREF (first);
self->first = first;
Py_DECREF (tmp) ;
}
if (last) {
tmp = self->last;
Py_INCREF (last);
self->last = last;
Py_DECREF (tmp) ;
(TFg AT Aol AIZ)
3 9ol ol Al first ) last W 7k EAAGolehe A AT Gol M, FE AT Folr d @ 2T 5 AA W, $ AN
Fejae) AL WobE LTk A BALL TF HATE 20] 92 AANZ A EEHAL 4
ANARHAE T A8l A o] AAE Al T2 A gethal 23T
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o2 H AL T, first 2} last WH 7} ﬂEH NULL©| o}y g}l XIS 4 Qo] A], ALl BE Lo NULL
T ANE AAT = Y5 YT o] AL R E 9 py XDECREF () $20°| Py _DECREF () 32 & ¥3g £
A2 ougych olHt TS A AT = gL F4a+=tp_dealloc FHAA A, tp_newol A
o) W] 271347} AN L A o] Agieh

w3l ol A vl IR &2, 27)3) Sl BE 273} St B E o] &S "L, setup.py 3P0 7}
olE F7Rt

2.2.4 =%t 7HH|X| £H X|25}17]

Shol Aol B H57100] ohd WE B U W ANE AWY 5 9 <14 547 GO7 AFU T
o) 218 A7 7} - 2hol Fol ) Aol & A5tk ol & Bol, 18 & Tel sl AL

>>> 1 = []

>>> 1.append (1)

>>> del 1

o] dlof| A, AA S £ &3l = B AEE

Hol A A kUt T AgG A %, g)o] M2 —r@r 7PH]Z1 = 71% A= g 2rET} 7PH11]?.J% Q%ﬁ}i 3 A
ST

Custom A2 F A HANAE, REFF AAE first Y last EGHE AT 5 AdAdHUh.
A7t = AR e} Al AR A A, CustomS AH S|4 & = AR, B ;'EH/\% 3 2] 9] of

EE 71 dFULh o] F 7 A o] F o= AL 2%, Ccustom AA & =8 Fo T 4 dFY

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

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

<3 GC7F Z = 3o) o] 3= Custom AIAEH A
N F7tE€X2 AT ol xS 45+

#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 int
Custom_traverse (CustomObject *self, visitproc visit, woid *arqg)
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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 0;

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

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

CustomObject *self;

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

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

Py_DECREF (self);
return NULL;

}
self->last = PyUnicode_FromString("");
if (self->last == NULL) {
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) |
tmp = self->first;
Py_INCREF (first);
self->first = first;

(TS sl AToT A
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Py_DECREF (tmp) ;

}

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

}

return 0;

static PyMemberDef Custom_members|[] = {

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

bi

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

Py_INCREF (self->first);

return self->first;

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

{
if (value == NULL) {

return -1;

}

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

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

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

Py_INCREF (self->1last);

return self->last;

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

{
if (value == NULL) {

return -1;

}
if (!PyUnicode_Check (value)) {

{"number", T_INT, offsetof (CustomObject, number),

0,

void *closure)

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

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

void *closure)

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

(TS sl AToT A
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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"
}I
{NULL} /* Sentinel */

bi

static PyTypeObject CustomType = {
PyVarObject_ HEAD_INIT (NULL, O)
.tp_name = "custom4.Custom",
.tp_doc = PyDoc_STR("Custom objects"),
.tp_basicsize = sizeof (CustomObject),
.tp_itemsize = 0,
.tp_flags = Py _TPFLAGS_DEFAULT | Py_TPFLAGS_BASETYPE | Py TPFLAGS_HAVE_GC,
.tp_new = Custom_new,
.tp_init = (initproc) Custom_init,
.tp_dealloc = (destructor) Custom_dealloc,
.tp_traverse = (traverseproc) Custom_traverse,
.tp_clear = (inquiry) Custom_clear,
.tp_members = Custom_members,
.tp_methods = Custom_methods,
.tp_getset = Custom_getsetters,

bi

static PyModuleDef custommodule = {
PyModuleDef_ HEAD_INIT,

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

bi

PyMODINIT_FUNC
PyInit_custom4 (void)

(TS sl AToT A
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PyObject *m;
if (PyType_Ready (&CustomType) < 0)
return NULL;

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

Py_INCREF (&CustomType) ;

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

return m;

]

A, & (traversal) Al A == £ GC7F =&l FoA & 5 = AE AR tisf & 5 JA=F It

i
i)

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

return 0;

—

ST AT £ A Z AR Ao e GA MASe] ADH & visit () F4E BEHF FU )
isit() FE AH AR} g vl A o] ARE 27} AR arg AXFE AAZ AFUTh 00] opd A

3t Py _vISIT() 22 E AlFF YTk Py VISIT() & A3,

tom_traverseo|A] T&F FS HA3 3L/\°]’\1411]—

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

Py _VISIT(self->first);

Py _VISIT (self->last);

return 0;

F3: Py VISIT() & AHE38 W tp_traverse A QAR} o] 5L visit I} arg 2 7 &3} A| x| A 3l oF
Yyt
=)
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static int
Custom_clear (CustomObject *self)
{
Py_CLEAR(self->first);
Py_CLEAR(self->last);
return 0;

Py _CLEAR() W3 E A& FESHA L. Fx A5 E FoHA 9 F¢ HolH 01 FHEE 29 :
AE 31 kA YT NULLE A A 317] Aol o] E] HE A py_XDECREF () & th4l SE 3 oW,
SJEZREY B2/ A EYREE A o= TE(53] F2 8o Jow)E A 5T 7MsAo

Fa: o33 Zo] A ete] Py _CLEAR() & o[ E# o] AT 4 A Uth

PyObject *tmp;

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

I E, EREE AAD w] F4 Py_CLEAR() S AHESH7]7H B R f AL ol g7t AUtk A<
Sy stE A ARk 2 A 52 Al shA] nRY Al L)

&3 3 A 7] Custom_dealloc % O%E FEE A 499 =2 322 5 vyt o=
NA £ GC7HEHA E 5+ A AUI?EMD} GCE =z ;—r7}0°l obu gt 7} 5t 7] wff & ol
HE A7) Ao PyObject_GC_UnTrack() S T &3} GC01]/H AR S =2 3 A 3 oF )
PyObject_GC_UnTrack () ¥ Custom_clear & AF&3le] OA] 28 H &3 A 71 J Ytk

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

UlR 9O 2 py TPFLAGS_HAVE_GC ZH 1 & -~ 2o F718 Yo}

.tp_flags = Py_TPFLAGS_DEFAULT | Py_TPFLAGS_BASETYPE | Py_TPFLAGS_HAVE_GC,

Aotk FHEUTH AFEAF A9 tp_alloco)y tp_free A 7] & FAA PP oW, =3 70| 2] = AE 3 o] &
T ok FUTh ti R B2 AHF o2 AT d WS AR T
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>>> import sublist

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

>>> print (len(s))

6

>>> print (s.increment ())

1

>>> print (s.increment ())

2

#define PY_SSIZE_T_ CLEAN
#include <Python.h>

typedef struct {
PyListObject list;
int state;

} SubListObject;

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

self->state++;

return PylLong_FromLong(self->state);

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

bi

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

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

(THS seTATol A1)
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.tp_methods = SubList_methods,
bi

static PyModuleDef sublistmodule = {
PyModuleDef_ HEAD_INIT,

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

bi

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

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

Py_INCREF (&SubListType) ;

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

—~

HAThA S, 22 SEE o] A A4 Custom A2 S A UTE St TE Aole] £8 Rl B
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typedef struct {
PyListObject list;
int state;

} SubListObject;

SH4Y A7) %8 Aol AL vl ol 2B Al F2A7 A WA Golol ok Brhe AGUTh ol =g ol
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glo] W A A 7} subList dﬁkfﬂizglm PyObject * X9 E]& PyListObject *2} SubListObject *
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static int
SubList_init (SubListObject *self, PyObject *args, PyObject *kwds)
{
if (PyList_Type.tp_init ((PyObject *) self, args, kwds) < 0)
return -1;
self->state = 0;
return 0O;
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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 () & S&37] Moll, 8 FZAol tp_base &% o] YA dofok FUch 71E F S 4T
o], PyType_GenericNew () & tp_alloc €%& A& 8+ YgUth- o2y &7 7t 4454
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Here is the definition of PyTypeObject, 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;

(THS sleTATol A1)
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/* Method suites for standard classes */

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

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

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

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

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

const char *tp_doc; /* Documentation string */

/* 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;

PyObject *tp_mro; /* method resolution order */

(Th= s Ao AI%H)
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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;
} PyTypeObiject;

oA WA =7k o} BTk U AASA A S - Belstelt Pol 9o, o] F IRV T AR s

ol w9 w5 Th
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’const char *tp_name; /* For printing */ ‘

o} o5 - ol Bl A AF AT o, o] A2 of e el A vhEb ], Ao A S vtk Zie et el A
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’Py_ssize_t tp_basicsize, tp_itemsize; /* For allocation */
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const char *tp_doc;
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’destructor tp_dealloc;

o] T4t o AAHAY AX 3471002 Zo]51 Sto| M QA = E 7 TAL A G L3tuA} & )
SHUTh 829 F oﬂxﬂfgvﬂ Y7 AAUG FAHE 718 2] Aol do W, 7)o Y= 5 A5 Y
AA A = A7) A A S oF i Th o] &9 o= thE 3 25U th

static wvoid
newdatatype_dealloc (newdatatypeobject *obj)
{
free (obj->obj_UnderlyingDatatypePtr);
Py_TYPE (obj)->tp_free ((PyObject *)obj);

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

}

g A Fr 2T 27 A F otvE AR FA AYE IR FA Folof @k Ad YT <
Bz 7t gfo| W 28 S H e w) & A 717 A 22 H 7] wi el 2 FuTh 2" (B
Hhgko] o) ol = sl 74 wl, & s A 7] 7} Al 2] 7 o] v] AAH Je= &5 JEF e A2
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PyErr_Fetch() 2tPyErr_Restore() &5E AHESH] 3T + gyt

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 vl of Ut o2 0 E A Y
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static PyObject *
newdatatype_repr (newdatatypeobject * obj)
{
return PyUnicode_FromFormat ("Repr—-ified newdatatype{{size:%d}}",
obj->obj_UnderlyingDatatypePtr->size);

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

tp_str Aelle str ol e Aol A4 4B T ep_repr 1Sk repr ) 4] BAL 2L BA Y
585, o e} AR AAT oA tr () & 5 EE A BEH UG, FHE tp repr B9 A
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static PyObject *
newdatatype_str (newdatatypeobject * obj)
{
return PyUnicode_FromFormat ("Stringified newdatatype{{size:%d}}",
obj->obj_UnderlyingDatatypePtr->size);

2.3.3 O{EE|RE zig|
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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 7} NULL©| o)UY, PyMethodDef FZ A9 v IS I Z & oF gt Hol B9 7 &2 )L
TF2A L AdxEA YT

typedef struct PyMethodDef {

const char *ml_name; /* method name */

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

const char *ml_doc; /* docstring */

} PyMethodDef;
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typedef struct PyMemberDef ({
const char *name;

int type;
int offset;
int flags;

const char *doc;
} PyMemberDef;
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% o[o
READONLY £ T fsdch
PY_AUDIT_READ | Emitan object.__getattr__ audit events before reading.

WA 3.100] 4 ¥ A : 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 Bl o] B AHg3te] A Aol ST UAAYHE TH}E A9 Ful oL of
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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’ 1l understand what needs to be done.

tp_getattr A8 7] QA JEZRHE 27l Fo&8 u] TSP Utk Ze 2 getattr_ () WA
T EEEE AT 2L AgoA &P UL
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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;
i
tp_ setattrﬂﬁ]ﬂ% A"t setattr ()oY delattr () HAEISZEI U T&
N7

AUtk o= HES A
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|
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static int

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

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

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

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

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

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

PyObject *result;

int ¢, sizel, size2;

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

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

switch (op) {

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

}

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

return result;
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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;
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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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ok 31 NULLES WS} AU}, NULL S ¥kehat= Ao B &) StopIterationS AR T 4 Q5 Ut o9 & 13}
W Adso] I FAE = s Uch AA oy 7 A, tp_iternext+ FA4 A9 E A3, NULLS

ukgksi of g o,

oh

weakref & ot A A.
AR ket A H2D 5 ool |, FgYol F A Ad L sAsoF Pk
1. Include a PyObject* field in the C object structure dedicated to the weak reference mechanism. The object’ s
constructor should leave it NULL (which is automatic when using the default tp_alloc).
2. A Zelel 7} s BEo) YA 2w ke P D
C A FEANA AoNA g AE] @ A0 AN L.

FAHOR, TS B BEE AL AM TEAS s PPAUh

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, O0)
/* ... other members omitted for brevity ... */
.tp_weaklistoffset = offsetof(TrivialObject, weakreflist),

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

{

/* Clear weakrefs first before calling any destructors */

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

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

2.3.7 F7F N2t

SEBLEECES:
22 058 0g, C
Ne. paseE
AR 7} 7E 5

AHg ol & eI Tk

S w2 W, CPython 2222 TEE T3 A L. Objects U] @ E]
s s= He A (A€ E°], tp_richcompare)& A3

rTo o
[>
ro,
N,
ok
rO
ol

oF 3}, PyObject_TypeCheck () &5 AHE S A 2.

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

o B7):
CPython 22 YA E o} 234 X L. https://www.python.org/downloads/source/

GitHub €] CPython Z & A E, CPython A~ F =7} 7| kE] &= 3L, https://github.com/python/cpython

2.4 C2} C++ =2 HIE G} 7|

CPython©] C 842 2713 48 YR W& 35 2ol Bl Ut (8 Sof, P52t .so, AL E
.pyd).

QEE &4 9ol d, 4 eho| 1ol el 7} pyTHONPATHO Ylojok S, BE ol S wel A A% H9AE
2 o] 4] o] B x| ofof T, distutils E A1831 1, 12 7 o Bo] AFow AYHIT

2718 FoE e R 2e A9e 25 4th

PyObject *PyInit_modulename (void)

It returns either a fully initialized module, or a PyModuleDef instance. See initializing-modules for details.
ASCIHZRE o] Fo] R o] 55 7 59 B¢, &9 °o]5< PyInit_<modulename>©]ojof Yt} o] 7]
A <modulename>S ZE2 o] &2 F X &3y t}. multi-phase-initialization S AF-&8F W] ASCII 7} o} d 2 &
o] Zo] FLH UL} o] AL, 273} T4 o] 2L PyInitU_<modulename> ] 1 <modulename>-2 3fo]H
o] punycode QI PO Z AFPE 11 3Fo| =& LS E YA Futh. Fho] ol A:

def initfunc_name (name) :

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

return b'PyInit' + suffix
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o 2718 $52 Aoshe] B T4 ol nelel A e BES YR 5 AFUTh Lo}, o] 52
QEE stelwl A2 FA Ut AEA B AEHE Aok FUTE AEAow 3 o] Fof P
S5ul A 7] W2 LTk A4 8 )82 PEP 4899] <3k o] Bl 2o of 2] RE” AL AR AN L

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

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

from distutils.core import setup, Extension
modulel = Extension('demo',
sources = ['demo.c'])
setup (name = 'PackageName',
version = '1.0",
description = 'This is a demo package',
ext_modules = [modulell])

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

python setup.py build

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

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

th A9 doAe= R }"}*Q“@"’]D} TFAHROR, o] &= 7| AE YEsH7] 3t v e} FHE XA 5}
7129 &2 AZF UL dutH o m, 3j7] 2] = Tfo|x &AX BE, 4, AR JH7]7‘] S22 F7t
2 Eo| &5 Ut distutils 2] 7]l o 8F LA 3 W -&-2 distutils-index 2] distutils A A& ZFZ A A L; 0]
oA g RES YEste AW A8 dch

Cefo|H ATYEE O & 723517 98, setup () ofl thek AAE vl 2] Al4bst= A o] LRk Juth 99
olol| A, setup () o] B3t ext_modules QA A}= ﬂz]’bj_ ol glAEW, Zt R EL Extension?d AAEHAQ]
Ut o] oA, A" A=t 1/\/\_,4.01 demo.cE A3} Y 3o EJE'G]—L demo #t= AL Ao}

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

from distutils.core import setup, Extension

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

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

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

v
’

ext_modules = [modulel])

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

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

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

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

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

’python setup.py install

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

’python setup.py sdist

wjol] whe}, 71 Y-S A v o] 23 oF ) o] 22 MANIFEST.in 39S 3] &g )

ZFA & W82 manifest & R34 Al 2

asE 4 Ao WES Y, Bl AL whol e MEE BE 5 A5tk EAF neh, oS 93
e B3 SIS AT 5 AU

python setup.py bdist_rpm
python setup.py bdist_dumb

fol

N
o
.|

A= 20|A C2} C++

EIETI=SC

——

7

_I

o] el A= Microsoft Visual C++E AHE-8to] Tho] A § A= &4 RES WE+ WS 7heks] AW s,
o] B¢ 59| 2 WAl o gt Bt} A4 & HH%] ;ﬁl‘ie AUt 49 A5 & sto| A G4 Y EdHe
e W= 'd-w— JEI’—TQME}% 94' S REFANAAFTHCE UE T Qe AZE o A Z
el e frda z2adn BRFoA & o?:}q]:}'-

25 AAe & BE5g Yestet o] A A A ske 2 Al distutils 72 A& AHE St 2ol £5
Uth ol WS AVEdt=d ALE C A7t A3 223Ut HE Mlcrosoft Vlsual C++4 Yt}
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2.5.3 DLLE AlMIZ AF25}7|

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

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

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

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

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

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

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

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

#define PY_SSIZE_T_ CLEAN
#include <Python.h>

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

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

}

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

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

if (Py_FinalizeEx () < 0) {

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

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

=

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

FPo 5D J§& 2o MAZSL Dol FUTh

31.2 049 D4E WIS HolA: AL

05E dEHol At 38 TR o)A P9 sl W IES AP F I SYL AFHAY, H 4T
Hlol B g meshe Ao] A WAFHU 1212 AT A2 $FS Aok U Th H BeC
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shol & 43t AT shol Ae WS AL ThE o mol= B75h1 3 £2L BF o2kt Aol §93
oF Uit o] 4 g A £ W B 22 FA L o] 5| FEAFU o AL WA, shol Ao A C2 g
TEA AR e DS AR R 2

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

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

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

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

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

#define PY_SSIZE_T CLEAN
#include <Python.h>

int

main (int argc, char *argv[])

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

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

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

pModule = PyImport_TImport (pName) ;
Py_DECREF (pName) ;

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

if (pFunc && PyCallable_Check (pFunc)) |
pArgs = PyTuple_New(argc - 3);
for (i = 0; 1 < argc - 3; ++i)
pValue = PyLong_FromLong (atoi(argv[i + 3]));
if (!pvalue) {
Py_DECREF (pArgs) ;
Py_DECREF (pModule) ;
fprintf (stderr, "Cannot convert argument\n")
return 1;
}
/* pValue reference stolen here: */
PyTuple_SetItem(pArgs, i, pValue);
}
pValue = PyObject_CallObject (pFunc, pArgs);
Py_DECREF (pArgs) ;

(THE seTATol A1)
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if (pvalue != NULL) {
printf ("Result of call: %1d\n", PyLong_AsLong (pValue));
Py_DECREF (pValue) ;
}
else {
Py_DECREF (pFunc) ;
Py_DECREF (pModule) ;
PyErr_Print ();
fprintf (stderr,"Call failed\n")
return 1;

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

return 0;

-

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

def multiply(a,b):

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

c=c¢c+b

return c

9| B bt Zolbok gtk

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

=290 A5 nt 4 SESIEAC Aol dolH AU Aol 40 g AT

g0l = ¥
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Py_Initialize();

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

u
uu
rlo
[
2
Fu

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

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

if (pFunc && PyCallable_Check (pFunc)) {

}
Py_XDECREF (pFunc) ;

A 2aYEIF 2, 2|7} 2L 3l ©]F 0] PyObject GetAttrString () & Aol A H Y
th ol o] EAstaL, vk AA7E = e Eold, 2le] FpEhal oS A 5 s ynh 19 T
L2IYLE AL FE2 b o2 7St APFFutt 2 o sfo]d I TEL2 o) 7

SEXEE=E

pValue = PyObject_CallObject (pFunc, pArgs);

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

S Al sl oF U o

3.1.4 LYZE=El mlo|M e EHaks|

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

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

static int numargs=0;

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

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

bi

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

bi

static PyObject*
PyInit_emb (void)
{
return PyModule_Create (&EmbModule) ;
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flol Z=E main () ) T kR flol A )AL 3 Py TInitialize () ol & &F Aol v F &
FE AL
numargs argc;

PyImport_AppendInittab ("emb", &PyInit_emb);

O

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

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

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

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

sho] W12 Cr+ 2 2ol WASHE A 5 Fuith o] Aol o @A = A= A58
Aol 99 SlGUTh A AR Crr 2 Y B2 IS 2y ;
]

3.1.6 A ALY A|AHIOA Hulal 213357]

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

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

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

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

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

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

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

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

SFgULh & S0

()
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>>> import sysconfig

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

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

oo
<2
i}

>>> 1319 o] /|8 shold xEzE. ABze o)A tfE P oz AP + Y L ool 4 A B 5
&k
LT e A
QL ], 4

Aol XA Fo] ojsbe Ao 7K 5

e Ellipsis W& Ab<.

2to3 FtolH 2x TEE THo| M 3x T EZ HEASH I AT =4, 22 E 7 B4 7 B4
EE JAA ZATE = = gFEY g S vyt
2t03 = & glolHE g o A] 1ib2to3 E AlFHUth 58 Ao g AP 4 = ATHE = Tools/

scripts/2to3 & A& YT} 2to3-reference S H A 2.
abstract base class (374 #lo] & Fel| &) FAFwlo]A~ ZFe A= hasattr () é‘% g2 Hadse A AY

n B 3HA ZRE (& 0], A A E) 4%, A O]’\E Zq-/]ﬁ]'h %Zﬂ%fﬁﬁi”"ﬂ g E}o]
< B3t ABC= 7 A B ZEi g EYot=d], FHAE AlS 3}11 FO A E isinstance ()
9} issubclass () o & AR E 5 Y= %"/Hic O]D]T/}, abc 2E /‘“ﬂ/ﬂ E HA L. Jlo]Ho=wk

£ 1y & ABC S 9] tq—ﬂ- o gSH 22 A5 AF5YH: A8 F X (collections.abc BEOA),
A} (numbers R EA]), 2EF (1o EEIA), YZE 312} 2H (importlib.abc EEA]).
cbe BES AL A AT ABCE BE S 9% ok

annotation (o] =€ o] 4) Tﬂr’\oﬂ wet 3 S E 2 AMSH = ¥y, SR oEYRE B T WiviHS U
W gt 92 Aol Bk

o s olactlol 4 A1 Akl AT S QA A% W, HA 59 9 Gpel ol erll
AL A2 2E, Zd2, T49 _ annotations_ EF oERHE A AH Yt}

(
~

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} & 22w ob (B A=) 2 ABH e % F 57 A7 S U h

« FIFE Z} (keyword argument): &< i% uf] A1 2}7) kol B2 A} (A& 01, name=) = **
E ool £ gz 31%}51% 12} o & £, th-2 3 22 complex () i%oﬂ/ﬂ 3 JJr5 =
E—r 7] JE AAFY Ytk
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complex (real=3, imag=>5)
complex (**{'real': 3, 'imag': 5})

o Y X QA} (positional argument): 7| 9= QA X d 1zt H A 1A=L ?_]Z]'% o] Aol e
AvolHHE o gofl » & 2o A2 AFUTh A& 5o, bR 22 T2A3HF 5 =
R 97 QAU

W5oll o 8 L. o] ol 85 & 74 S0 thsl A calls 3L
HAS. BYAoR, ojd R0l AAE AHEE & Y&th TR gho] A9 Wl o e,

019 v 7] W4 F2 T FAQ A& ARks} vl A 42] 2po] S} PEP 362 WA 2

asynchronous context manager (W] 7] AYAE #A2]R}) _ aenter_ () & _ aexit_ () HAEE A9
O 2 M async with oA Hol= &4& Alost= AAl. PEP 4922 =45 A5 1/1 t}.
asynchronous generator (8]-57] AU o]€]) H|5 7] AL o]E o] o]E & 58S+ T4, async def

ZEAYHE=IFZH T HH Hol=t,async for FEVIAIRL T T A= dHY FES UEE=vield
284S 2FSTH= Hol YT
B3 uE7] Avdeld g€ 7He 7| A v o] ¥ W o X = vlE 7] Al delE o5 olH & 7He 3]
Uth ol =8t= oJu 7l §EshA] e A=, dAS o5 M TS gy ch
B]Z 7] AlF g o]y &4+ await EAAT} asyne for 3} asyne with & 288 4 54}

asynchronous generator iterator (¥]-5-7| #| v #| o] €] o]ej#|o]€]) 1|5 7| A& o] e T4
H)5 7] ol E & o] ] At __anext__ () & Z&5HH olflolHE AAE E2F 1L, o] A& thF yield
E3 A 712 8% 7] Ay @ ol ¥ 42 uit] & A8 3 o)
Ztyielde YA R AEE Sy, L AAY (NG Hesdd7] & try-—Er%% Z3ee)
A Al E 719Utk v 7] AlY ol o]E# o8] 7} __anext_ () 7]—33% L ko) o9
olHE R AN, w2 o g B}t PEP 4928} PEP 5255 E/\ﬂﬁ.

asynchronous iterable (8] % 7] o]E] 2] &) async for FoA] AF2E ¢ Q= AA|. _ aiter_ () WAEE
v 5 7] olH @l ol & B8 oF Ttk PEP 492 2 = Y= dFUth

asynchronous iterator (H]£ 7] O]Ei dole]) __aiter. () & __anext_ () HIAEZE A= AA.
__anext__ = oldolHE AAE & FH ok @HV/]— async for+ StopAsyncIteration 9|97}
DG 714 WE7] o Eelol 89 _anext_ () WAEI} EHEE olslolHEE ZUrt}. PEP
4928 = Y= A5yt

attribute (o] E2]J 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] 90| &) await A AHST 5 Q= AA. ZFH o]y __await_ () WA EE 712
AA7FE 4 A5 Y Th PEP 4925 H A 2.

BDFL #}v] 2-& £ 41 &2 A} (Benevolent Dictator For Life), < Guido van Rossum, 3}0] %1 2] ZFA] 2},

binary file (s}o] 2] shed) ol S5 A EL Q1 & S gliz el AL vpol el shde) o2 vlol
U] ZEE ("rb', 'wb' == rb+ ) 2 98 3¢, sys.stdin.buffer, sys.stdout .buffer, io.
BytesIO &l gzip.GzipFile & A2EHAE &5 4= 95Ut

str AAE AL 2 5 e Y Aol el AL Has ot E FEEA L.
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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 Q5 M A)]) bufferobjects S X P31 C-A% HHE AAZE & 5 g5 Yt} o
_’Ememory\uew AAEL EECX bytes bytearray, array. array AHNEL T .
OJEGF A= H}O]Lﬂﬂ dolHE thF+ o 8] 71A A4rEdd AH8E 5 dFUTh 45, vhol v gl
A2 A%, & ]2 Tt AS T2 A= 01—14‘3]'

o H QA2 upol ]2 o] el 7 AW A L AR AU ol @ AL AHAL BF g 027 vl
Ol EEQRF AA et @ YTE 7P H I QA2 d|E=bytearray bytearray & memoryview
}/mw+qgg&%%mqgﬂmqaﬂ%@ﬁﬂﬁgﬂﬁ%ﬂﬁ A7 AA) N ARH ==
278U old A5 dZE=bytes@bytes A9 memoryview 7} JH U T
Pl

bytecode (H}o]E F &) wlo]H A2 F == HlolE =2 ZAutAE =], CPython ¢8| Z 8] g of| A] u}o] A
22 IR YR YUY vio]E FE+= .pyc 3ol A Hol, 22 3L S F A AF T o
o et A A REF U T (Ao A] vlo] E I ER O AAIGLE I T 5 d5YTh. 9] “27} Aof” = 7+
Hpol E I = o g)-g-3h= 7| A& A sle 7 714 A Aty D Yth ol E IEE A2 OE
o] 71t 71 Ao A FEE AR 7t EHA =, 3ho] A w3 Thol| Qb A o] A & gkt Aol s of
Fch
HlolE I E Hgol59 552 dis ZE AH A U3yt

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 (24) A2 Ags & vle)e] of = Aol A APP N2 A P,
class (]| 2) AF2A A AANESS WE7] Y3 3. S A= HE Zgao dAEHAE A2
Asbete MAE Fo 5 2FFYLh
classvariable (ﬂa]] W) S Aol AoE T e s R (B, Ze) 29 ol A E Ao A7 ol el o A ut
:‘E]I__ 1__'T‘
coercion (F. o] ) Z+& 3o F oz}
PEEERETIP N

ST FJor H
Ae 302 Wty kA, 3+4.5 ol A,
% =

7 . =1
7 A2k o2 3 o] A1 (3Fhe int, THE 3 float), & U317 Aol 22 P o2 HEs) of ).
282 o TypeError% doynh FoM glols, S8HEFYERAE 22097 22
3 5t= thAl float (3) +

complex number (524:42) ¢l A4 A/ A9 ZAd], 2 xAHY
oh BeRE A5 S5 B9 (1o AR E D AN, £F Sl E 12, FAHE I
#2713 th gto]lH e 329 RV S 25 HAFE 7|2 ALF UL s5F = § HuARE B A
#7105, o€ ], 3+19. math BE] H44 w20l 23, cmach & A4E I Th Base)
G2 v =2 7H 7Ytk sttt w7 A XS, A9 g4 6] FA E E5UTH
context manager (A€ A E 72 }) __enter__ () i}_exit O HMAEE AT o2z with FoA B

context variable (] A E HS$) AP AEo ulg) & %)\'% M 4 9= .
A e ade-22 AFaetv gyt 18, A9 A2E A48 33, sty
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Q% 2A o) o e AYAES S 4 gon AYAE Ml 2 Bt B4 W] BaaoA
HEE F438t= A YUth contextvars g FRIAAA L

contiguous (%) W= A &3] C-A <5 (C-contiguous) ©) Ay EE 2 A S5 (Fortran contiguous) 4 W) A0l
o A LIT). 9714 B3 = C- Aol B A =g A% Lok AR f o) A, FRES A 2ol 273}
a1, 091 A Al &Fehs L5 Ak J@V\«] TR &2 2o v X5 of of F T}, thakd C-A % v F ol A,
RS F0) AU G EE YT oo AN ] W, S L2 A

c°“°“tme<f’—fﬂ) %%% NESE R om@m Fel YUtk ARFEL 3 AHAA AY3T b
A A A B2 UTh T2EL ofa] g2 A Fo| A A, G2, AN 4 QST o] AEL

ruQL‘ %ﬂl

async def 2o g F3T 4 95U Th PEP 4925 H A 8.

Sl async def o2 Fojd 4

coroutine function (Z €l 3r) T2 E AAE S E= 4. I 2Y 3
e 4 55Ut o] AE2 PEP 492 of o] &)

91, await @ async for®async with 7Z|H=& 3+

Ed= s Ut

CPython 3}olx 2 I efw Adojo] 784 Q1 -3 <1, python.orgol| A vl 3= %‘4‘:} o] F+& S Jython ©| L}
IronPython ¥} 22 t}2 Z &3+ & g 7} 915 ulf 89 “CPython” 01 A YTt

decorator (W] Z#|oJE]) Th& 55 55 T, B8 @wrapper w2 AHSSH g4 Hgtow A8
AUk dlZd o]g]e] &3t ¢f]= classmethod () -»]-statlcmethod ?J\/]D}.
s eole 92 944 A FHYE BYUTh v F 5 Y= e s F5Fth
def f (arqg):
f = é‘ééticmethod(f)
@staticmethod
def f (arg):
2 Nde] FH o= EA AT @ A 2 YUt o Z 3 o] B of th$F ] ZpA g 82 3 A 9
G ZHA ALY g AHAYAE BE U

descriptor (= e i‘d B) A= __get_ () o]yb_set_ () o]y __delete_ () & H 3= AA. S

( 2 A
2O EFREVIHAIHHA W, o EFHE 23] = SHF A2 A8S dofUth HE,abs ¢
U, 22 AL, AA SR E] AFS S T, a0 Zel s BV o A b i o] 2 Bol 2 AR S 2 .
b7 A Y Y, 3 F8h= A HE “ﬂ/ﬂ‘:ﬂigﬂ‘%‘:‘r HaaHHE olsishs A2

g3 2L olalel A e, B, WAL, 22 olE, 22 WAL, 20 E HAL, 57 202 B2
59 Be 759 72 023 Y7 MEAUTH

Y22 Yo A =5 tf 3 &AM 3t &2 descriptors U} T] 23 H B A& Sh A of] Y34t}

dictionary (“’U%L-]E]) o9 715 ol f3A7]= AF vl F (associative array). 7]= _ _hash__ () <&
_eq_ () MINEE Z+= EE AA7HE & dsUTh oA At FEUTh

dictionary comprehension (5 2] HZ e A) ole 28l & 84 AA VY IR E Aestl 2H4E G2
gxyeE ‘ﬂ-il-é}— a8t ®HY. results = {n: n ** 2 for n in range(lO)}‘_ fn *x
20] Wi A 7] nS 23 9 8l E A4 3 ok comprehensions & FZ 3 A L

dlctlonaryVlew (“’]K%L‘]?/] H) dict.keys (), dict.values (), dict.items () HIAE7} E8]F = A A
52 9Mve Hebn LEUL o A5 9AUe GBS0 qa FH9 H8 Agsed, 94
Qel7b WAE o, $7h o WahE WA ATHE EAUT G4 HE BAD I AER SR
list (dictview) & AF2-3HH = Utk dict-viewsS H A 2

docstring (S 2E3) Fe)2, B4, REA A WAl B84 02 Vehbs 249 dEg. A9 E7 499

w2 2 A A, Aokl of o5 AR H o] T4k Fehs, B BES _doc_ S| ESHER 419)

Utk QES 29 AL B3 AET 5 GOuE, AR APAE AT FHAL FAAUTH

[¢)
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duck-typing (4 B}o]3g) &H}E AHH ]2 E 7HHE=A %E‘r%}%tﬂ AR L HA ez
A A, s A=Y A ERREZ SSH AU AR HUTH(“L F/]ﬂa —”?—0]-1—-:—3] A =
‘?i,——’-ﬂ—:J—ﬂr/}”) 57483 Al sl ol~E 701’5—?}0%5"1 ZAAE == HF AR
Oaa]'ﬁ'oi’yﬂ AdE 7H/‘%U]’/\%IQL]D} 9 E}o] g2 type () ]Urlsnlstance() 2 AFR- 3

= IFdUnh (AR 9 Erolsgo] FA4 o] Fe s = E%‘r% T Aol frel s oF gt thale,

hasattr() AAMG EAFP Z2 28 WS £

EAFP 3] 2 H t}= 8 A1 S £3}7] 7} 4 o} (Easier to ask for forgiveness than permission). ©] &3] & 4= 9l 1}o)

Y 2B, 2uE 7| o B HEY EAE 7HA sk, I 7 o]l B ol E &

ZZ__}—‘L'a}I!_ w= /\E‘ro‘ 2 W2 trytexcept w2 SAME EZA AP YL o] HIa Y2 Ce 22 T E
Wo Aojoll A AHF AL = LBYL ~EFL 3} ol v Ut

expression (3 2]) ojH oz 73 H;q 9
Z

o L1

oy o e [>

M)
v}
rlu
112)
i
Bl
r
0{1
EE

M N By
rlo rlr

=
rC el

ko

=3
mqa}q}zﬁog rE ?joi %M =50l
R Tg Eol dFUTE Y =3 FFolal, A o] of

extension module (2% 2 E) C U C++E ZAH REQ|, ulo] A9
TS ALY

f-string (f-= 2} %F) 'f ‘)r F'E o 2 AL glHEES &3] “f- A g olgt 2+, W A4
21612 o] 29l LI, PEP 498 S 1A 2.

file object (3} 7—11*“ 5‘]“‘?— 2+ o] EHEH 3t A &A API(read () Ywrite () 22 WA EE)
A R Wy ol whel, 3t AA = AA a3 gl -‘74'%10]1/]":]'— A ZFA Y FAl X
o, ZF Y=Y, d-vRE ¥, &7, gto]=, 53) ol gt AN AE FAT 5+ ds5Uth

= 3} dF AA (file-like objects) Y} 2~E & (streams) )2}t %= EH T}

AR ze AR5 Y AA o] AUt 2 raw) vl o] 1] 2] 519, W 5 = (buffered) v}o] 11 2] 51, €]
5 9. 18 Bl o R RN R Y AA & B FRAL P L open )
g 28 AU

file-like object (3} A& A A)) 31 A7 2 v)$8h

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.

(

Na S
24l e

S

)

e =

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 (F}Q1t]) Y2ED RES AT =0 & oy A=t AA.
o]l 3.3. o] 3 2, F FF 77t JFUTH sys.meta_path & FA ARG S v EF 7 2 ThQl T
¢} sys.path_hooks I A AME-3t= 4= dEg] 3 H.
o A 8 Y22 PEP 302, PEP 420, PEP 451 o] U84 T}

floor division (3 4= U Al) 7173 77k A2 W Edhe 318 Uil A U A4x= // th A&
Sol, ®HA 11 // 49 gL 27 H AT, A Al S °2.75% EFUh (-11) // 47F-2.75
= 141%‘ gk -30] Holl F93)oF Futh PEP 2382 H A 8.

function (3) TEA oA oW 3t S5 99 3= AW T o3 A 7 AEE 5 e,

}1;]/] o] AF2E 4= J&ych v 7w 9F v A = 9} function AR T H A Q.
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function annotation (3= o] - €| o] A) 34 v 7f A =1} 9 gk of | o] A

B olwEo]de Ao d g 2 ALYk & 5
d Ao 7, SA 9 int ¥R S S o2 ZtE Ytk

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

Bh: o] L H o] A ¥ L function B ol A A W3}

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 (/1] 2] 7)) o A1-8.5 A ok v Rel G whd sl WAL Sl W e Fx A4 F47 B2
= 7 A = AE FF AU 7R AT =

TS AAGAL Fe 5 e =F 7HIA A E F3)
gc BES AHESlA Ao g

generator (AU & o]€]) Aol oE & olE & EeFs 3. gl
Y yield BA4E EFAUTHE Hol BEUT o B
2 wloll b 71 4 g o,

BE A2 0l B4 Ahel 7| A, ol ® Bulo] A= Al el ol 8 o] e o] E] & Zhel Tk o) E et
oJu] 7} Walala) ok Ao, A o2 MA RE TS Gt

generator iterator (AU @ o] €] o]e]d|o]E]) A ol 7t e = A A,

Zryielde A O R A2 E S8t 1 9149 (A ] W

A% el S 1 g A Aol g o el 8ol el 7} Al E W, m
A3k 2s) ol F U o,

generator expression (AU @l o e] EH4) o EdlolE] S BejF e Ed4). £ W59 ¥ E Ho st for

A3 A s if Aol Hol & AN EAA AP BAU AgA B L SR A4S AP

gEse sy

>>> sum(i*i for i in range (10)) # sum of squares 0, 1, 4, ... 81
285
generic function (AW g &) 22 AXS AR 2 FEo Hs 7S A T2 78 5. S 1

oW FH o] AR A= tasf x| g Fel s 2 U
A= o292 8o 23} functools.singledispatch () Wl Z @ o] E] 2} PEP 443% X A Q.

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

For more details, see generic alias types, PEP 483, PEP 484, PEP 585, and the t yping module.
GIL A< olg=ZgE] & & HAS.

global interpreter lock (19 Q11 2]e] £) 3t o] © 7] sjL}e] Ad| =7} gho] 4l vo] =
W 57] 918l CPyhon QB 2] B 7} A& 51 Wl AU S (dict 9} 2 528
A7) melo] B A0 5 A AA 2ol tha] HASHE S §H5 0] A CPython 78
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AelzelE AAE F1e A2 dHzHE HF2d =387 A BEs tiA, ts =2 A4 714
AABE BE ] Be RS g

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/O.
(2 O vASHA -/ v ol B E A aE) “2d =l At 22 (free-threaded)” 1 22 B & RH5 314}

She A9 e A3 Ael A R, £@ e ZeAA 290 A5 At A5k B2 .
o) 95 oI E T AL THE UL AGIA LRolA £ WG] Rold A0 AN

hash-based pyc (3] 2] 7]¥t pyc) &S FHHL7] S el T a2 5t o] HF 4 A ko] obd A& AHS-
3t= ulo]E I & 7) A] 9}, pyc-invalidationS 2% 544 2.

hashable (3] X] 7}5) A7} 44 71 ko]l W3HA] o= A ZS 283 (__hash__ () WA =7 3],
o2 Az et vl aE 5 9}2“4 (_eq () ®WIN=7} éﬁ%‘bl oh, Al 7hsdtehar o 2okl v

== Al 7hs st 7“211 S 9] A gES Zolof gyt
A 7He A2 AAE 9 Y ZIv AT I E A E 5 QA sk, o] AFR TR E] WRF
o= 6HAl #HZ AHSSH 7l W gy

ol Aol EH W A EL A 7Hs
—"—E‘Zl AsUth (F *Olb‘rfrozenset ZE“’) =4
7Bt A AL Ao 2 A0 dA"HA AAE

o
shals) B thEral Hla s i ﬂ/‘l F2id() 2 FH
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.
immutable (B¥) 1389 gs 2t AA. 28 AA = 2L 24, fEs 233Uk od A2 ¥
%%4>MHHG*Wﬂ°ﬂﬂﬂﬁﬂw7hwfﬂ—ﬂ%@ﬂﬂ:%ﬂﬂ%%%MMb1ﬂﬂ¢ﬂ%
%011* T2 LS FUth ol & S, 949 7).

B R0 A g8 (e dw A

Fdunh Gl2EY gAYy e 22) 7k AH U E2
Gl S Al 7hs 2 ol it 3 *]
2 oAl 7He Ut (A7) A S A9

g
=
=
=)
=]
©
Fd
g_g
)
ta
i
o
i)
)
X,
2
[
N
iv)
rju
td
i
o
i)
)
¥,
HJ
s
K-
>
_,h

25 YES e B
715 ot 2 E 87| = S AA; Al 3hlH Olz}iﬂﬂ A Aok

interactive (t]3}3) Tlo)H & 318 ez g8 & 21 Q=] JE =z 22 Ei EXA EFH

U84 U7 52 498 AoAE ¥ SIhE T A 90l B4 python g AR

FEIS] ol 4 s ). Al oot ol & AxTeA Y 2 EH 7] 2
e g A2 A At (ot () 5711

interpreted (QE]Z2|E]=) vio]E I & Aapde] o] EA) ufFoll 2 F& 0] 3B A 7] &= sHA| 7, Jho] #-2

Aol 9lo] 7k of ek QlEj el e elol itk of

o

importer (Y £ E]) &

XN
i oY lo

>)i
bt
N
Ir
n@
w
rL[>
i
L

paLY
rlo
ok
>
N
o
fru
>,
o
X
o
]o
o
1]
XN,
2
S
krl
B r
> 7l

S A AT Aol ULk 1z ool & o A4 A
doje= BE Ao Aok g2 i/t F718 25Ut tisla = BAL
interpreter shutdown (QJE| = 2JE] £8) 53t LA S 1S uf, golH Qe ZgHE EHS A 7] A
AsFetl, BEoI L o2 44 F 28 U3 FRED} RS LE BEE ANES ST wdgh .
w70 A 571 7] & ol el W B2 gtk ALEAL A 9] 919 A weakref 2 o] 9 L= Ee] S
NAND % itk 2 A7 B AR E 2L ke o 2 S B 5 g, 220 o £l
(£ = golBeg g REolv A FAEHdUTH

SRS el G oA e 4 S A E o
H

Jdejzele] 2o 79 AL A3

iterable (°]E]2]|8) WSS A A S8 5 A= AA. olHHYEJ A2z = ist,str,tuple
Z2)ANAXFE, dict Z2E2E o NI FE, Y AAE, __iter_ () YAE2NES 73
f5}‘Efgetitemf() HAEE WA Y3 nE Fef29 AAE0] Y5 Th
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OB H &2 for Fx AH’% T UL AEAE 8 E St U8 B2 X (zip (), map (), )
AHEE 5 dsUth o HHE A7 W T iter () o AR AGHH, 17“%114 olH ol HE
EHFUh o] oH b olH+= #EY %‘Ji}%?‘a HAA = T FaEFUTH oHeES AT o,
HEL2iter() 3 %‘}ﬂlﬁr olg g ole AAE A thE B8+ s UTh for w2 o] AE=2 o ¢
2 ASIA AHs o2 i Fed, F2E T B olHE OB E FotE ol v ¥ E s Ut
o] el dl o] E], A A 2, Zﬂ U olE & RA Q.

iterator (o[E]#| o] ¥]) Ulo|EH o 2ERS Fd = AA. o]H#H O HE __next_ () HIAEEHEHOR
TESHH (B 141*‘ Fnext () 2 AL W) 2EH J&= FEES X}ﬁltﬁiiﬂizqq g o]
A+e] dlo] ] 7} 912 w = thAl StopIteration &S ot} o] A A], o]Eld olE] AA=
A2ZRET,0]Z BE  next_ () IAEETESL StopIteration A& & thAl €27 7] vk
OlEifﬂlolEiL OlEHlolE% A A X}LE = FE__iter_ () MINEE 714 Aol 875 7] w2, o]

el o] B o] el el B ol /| 311 ] & ol | | BE & Wo B ol o 28] £olA 18 5 9% ek
Fog e o] WY ojHd o] S Al=dte ZEYUTE (List Z2) AE oY AA| = iter ()
T2 A S AL for Fxof A& ufubtt A o Ej#] 0] B S bR th. o] | Z5 o] Ef el o] H of v 5)
Al et o sk, A o] B #l o] Aol AFEH o]u] &K1 H o]E o El & %Eﬂ-’_ﬂ/ﬂ, Wl AE oA
H oA wEYth
typeiter ol & ZFAI gk W -§-©] hF Y Th
CPython & AhAl|: CPython does not consistently apply the requirement that an iterator define __iter__ ().
key function (7] ) 7] &4 == =4 o] A (collation) &= A (sortmg) o] 1} 8l & (ordering) o] AF&-F] &=
#He =T FHEYYULE A& E9, locale.strxfrm() S EAL SZ S == AL 7| E
e A Y Th
ol R g =77t R AE o] oABA A A ] A AL F ol = A Al o817 fl 5l 7] T dotE YU th
o] ZlEo+=min (), max (), sorted(), list.sort (), heapg.merge (), heapg.nsmallest (),
heapg.nlargest (), itertools.groupby() o] g5 Yt

7§58 BE s U ol g ol dguth o S0l str.loer () WA TS Aol s TR gl
AEZS A7 FTEALE T UF 1/]D}. Ao g, 7] T+ lambda i—i?ﬂ*‘ii s £% e
dl, o]& AYyrth: lambda r: (r[0], r[2]). =3 operator BE-2 M 71 7] g5 AAHAE
A&t attrgetter (), itemgetter (), methodcaller (). 7] &5 W= /\]-—9—'6} = o
tf & o] & Sorting HOW TO & H A &.

keyword argument (7] 9] & 12p) <A} & B A Q.

lambda (Feh) % ] gro] To A= sl B4 07 PAT o] F g dekel B4 B} RS V=
= EHL lambda [parameters]: expression YUYt}
7] Aol X e} (Look before you leap). ©] T ~ElL2 T E& ol 23] & 317] A WA H o Z ALA
ﬁ%% AU o] 28t Y& EAFP H2R 3 thu] = 3, @2 if £9 S E SAA A YT
= 374 A, LBYL FH2 “B 717 2F < 7] 7ol AA 24 WHEA 2 Aol dFUTh
o], = if key in mapping: return mappinglkey] & AA} Zo, 3R T 23] Ao,
XY =7} keyE mapping | Al Al At A& 4 QlFUth ol# o] F o] U EAFP H2 W&
Na oA A AT A g aad,
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).

Ir

url

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

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

list (R 2E) WA sho] W A2, 7 o] Bl £ B35k, Aol tha X271 0(1) 0] 7] wEoll, A B aE
(linked list) B t}= T2 Ao 9 v g4 A Y o}
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list comprehension (2] ~AE Hz 2| M) A|F2o 84S AR EE

FE A3 Y. result ["{:#04x}'.format (x) fo
] L 00] 4] 255 Abolo] 9l BAES o] 16712 (0x) S& Ef‘&‘}% A B AES “*CIJDP if

A2 S+ AdsUrth A=sHH, range (256) ] 8L

loader (2¢]) 25 ZE3}= A4, load_module () °]ghe= o] WA=
= 5loly 7 == UTh x}/\ﬂaj} Y22 PEP302 &, 4 vl o]~ F~
E HAMQ.

magic method (W] & WA =) S5 wjA = o v]FA] A Q] v] 23k

mapping (W] ) 2] 9] 7] 23] & XY}l Mapping oY MutableMapping FA H o] S o A A H
HAEES F3stE Ad oy AA. d 2= dict collections.defaultdict, collections.
OrderedDict, collections.Counter & & 4 J5Yth

meta path finder (W€} 7 2 5}QIt]) sys.meta_path 4 Adol EHF= Il e &2 A= 4=
Q=) 5holE] o ghel sl of 9171 ShA v cheu o,
et A2 37 £ St= WA =S A= importlib.abc.MetaPathFinder & X
.

=
)

r[r
td
r[n
ﬁ&
Ry
oy
Ekﬂ
<
%1

£ gofslof gtk 2 u
+ importlib.abc.Loader

metaclass (W e} Fell&) S22 SHia. ZHA Fo= S ol S gAY, vloja ZHAaE9

E52 WUt Hlg SHa s o] Al JIAE Woba S A E s AdS JUth o729 A4

AFY 22 Ao52 7|2 TS AT FUh gol RS EHEA vte+= 22 ALE ve S

25 s Adthe A9 Uth giRE AFE Ao A= ol =77 S B8 flAITH 8732 of, v et

ZHlaE AYsta ot iy AFPUTh JEZRE M 29 27 (logging), 28 = kA9
SuUth

N
N
N,
S
24
0%
o,
A
gﬁ
o>
ﬁ~ NH

i
-
r [
we B
58
rlo
v}
it
LS
2
=2
>
ofo
A

metaclasses Ol A T] Z}A| 3l < =

method (F A=) e vle] QoA o)t G, 2 Bejse] dadag o EolE
HAEE A JA A2 (HE self gl BHTH 2 A2EHA AAE W5 Th 5 2 5 HE A 505
£ BEA L.

method resolution order (WA= A £ 4]) WA= AA A+ ﬂ ole 5L HHE A= wWolA~ &
259 =AU 23 dE|2RE dho] A e Z o AHSH e E9 Al g 8- The Python
2.3 Method Resolution OrderS ¥ 3t}

module (%) o] 2=9] 243} 291 % gehs Al BES Q09 ol d AAEL P o5 FLE
o S e e Tl ool e 15 2] e
714 % BA R,

module spec (RE 2%) ZES Z =34 AL 5
importlib.machinery.ModuleSpec 9 ¢l

MRO "4 = 24 A & BHA Q.

mutable (7}H) 7HH AA = ghol | 4 YA T id()

named tuple (| Y& =) “named tuple(V| Y= F=)” o
=% AHgstol dlds B4 9
QEH’\oﬂ e 7% d= T+ A5
time.localtime () & os.stat () 7

o2 o= sys.float_info Yyt

rlr
ko
P
=2
_IO
X,
[>
]
4
30,
rr
I
rln
o
o
i
iy
Ry
[>
=2
o~
ofo
il
<
u)
ol
)
L

bage ghe 2@ stel, oo 3P ol MY FEY UL &

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

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

(TF= el ATT A
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R s S e e P I )

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

True

AR U= FES PFF I o) QUh £t tupledl A 4551 o] £ BEES o5t
Aut o)~ A2 YT FES UE S Gk B Fohat 7 FAAAL A= F5
collections.namedtuple () & B& & JFUTh 242 712 A3 A4 AY W I A= =+
FoAE 2L 5 Yt B A FAUASE TR Tk

(A=

_>L:
RES
o
-,
(e}
9
i
ic
XN,
:IR
=

uiltins.open ¥ os.open() < 1E9
T 32 " BEo T E -7"543}1_*] £ 29335 vk
o —E—l/]D}. = %01 andom seed() X itertools.islice()
tools & 011«1011-?@510“’0]“321011@‘45}.
namespace package (]S 7t 3 7] A] S =]
FHA7IAE EHAJAAT S T 915’-, % ‘1 _lnlt_-py sdel gloeng Haf 9 7] 4] &=
ey
TE T HEASL.
nested scope (ZH H A7 =)
BHE AT g Sl ArEe 22y
Y A e
WA, AY MEEL A
g o

new-style class (7 ~EHY Se2) A5 2 BE S AA N AEHL 9l S
H]

H
. 2719 o)A HAdAE, A F2gd FHa _slots_, Y2IHE, ZgdH,
" getattribute (), S22 A S, 2HE WA} 2o To] o] MBI THFR 552 AHE
l*‘ 0104}‘L]E%

object (A7) el (GIEFHELZH & 2T 52 () o] AolE RE vlo]H. T, BE FAEd 29
o) H A Wo| & Zel 2 U,

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

Bt 71 A & ol F T H TN A = HAL.

parameter (W 4) 315 (L= Bl E) Ao A B2 L 5 Qi QA (B oW A9 AAE) B A

R ol 22 A, A S5 vl Eas et
o X]-71 9 = (positional-or- keyword) A ARG 7= RIAt R AeE 5 e AAE AR Y
o] Zlo] 7] FEf ] mi7h A J U th oAl & S0l vl A foo £} bar

def func(foo, bar=None):

« 1 A-A & (positional-only): S| A 27 A 5 = AAE AAAUTE A2 AL AT =
S Aol M 5o/ 2AE 2@t I F o AT AU dlE o] thollA

posonlyl 3} posonly2:

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

o 1Y =-HL (keyword-only): 7| Q=2 A2D 4 Y= 9

‘— AAHE A Gt 719 =-A -8 v 7/lA S
=g 7@-4-4 UH7H HE FZ o A ol 3hte] 7FH-91 ] vi7f i =up + & I 2 23 A YT
FAFUL A E 01, t}-& o A kw_onlyl 2} kw_only2:
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def func(arg, *, kw_onlyl, kw_only2):

292 ARS ol Ha) A5

o 7FH-9] A (var-positional): (tF2 wj 7| A G=Fol] 23l A ©] o1zl
FTE AR o] 5ol * & el

]
% 9 AA A5 99 AALE AF G o 0]
2oA AoE 4 A5, AF Sof Thol A args:

Fo}5
A

def func(*args, **kwargs):

o 7F-71 9 = (var-keyword): (Th2 Wi 7l A =E ol &8 A oju] Wof5ol 3 7] = AAEof T &)
Asd = JE dYgY M 719 = AAES A AZFUTE o) i AdFE= A HS o] Fofl ++ &
o] X HoE 4= AF UL A& 501 A9 ool A kwargs.

s AR A AAES A 7| 2R oty AdH o] At A4 AAES A ZT 5 JdF Ut
o1z g o] %] & oz} vl 7 H =9 }Fo]of L} 2= FAQ A&, inspect .Parameter S &2, function
A, PEP 3625 H A 8

path entry (B2 lE2]) 4= 70 701t 7t QEE F RESS 27 99 Fushe Qr = 42 g st
_04 x]-/\

path entry finder (F 2 & E] J]— t]) sys.path_hooks ol = FHE (F, 4= JdEZ 5) o] EHF+
ol A, FolA A2 dEE 2 RES FEUHEE SN JAFYTH

A2 Qe AT E°] FHIE WA EEL importlib.abc.PathEntryFinder of U th
path entry hook (7 2 <l E]—?:;— sys.path hook B|2E Qe ZHEQH, &4 FZ AdEL A ZES
H=wS dy 9oty Az ol ez vloly 2 S8 F Uk
path based finder (32 719 5hQIe]) 718 vl e} 42 shel S 5 Shuele], A= J2 o4 BES 25
e},

path-like object (3 27 AA|) 3L A28 2 & ‘/‘rE‘rLH% AA. A2F AA = A2E Yl = str Y
bytes AA| o] A} os.PathLike Z2EZ S F33E= AAYUT os.PathLike T2 EF S XY
3l AA) = os. fspath() F4E 1%3}1/‘1 str U bytes 3tY Al2® A2 =E HaE 4+ s Uth
th4l os. fsdecode () 2 os.fsencode () & Z+Zt str U bytes 2345 BEAst=0 AR E &+ U5

Ut} PEP 5192 =5 g4 th

PEP sto] 2l |41 A] k. PEP= sho] il AR Elo] HHE AT AL sho]dl i 1 w2A| 2 Ex $70]
ga AIZe 7% 2dahe 47 £ AT PEPE AlHE 7150 3 h2 % 714 A R 2AE

A3 oF gk

PEP: #8 A28 75 Al o3 e
715

A 8ke shol Mol Soi 7t A 2

A0 B3 ARIE 48 > _
£ ARUE ol A] #IE 55 w)

Fatal
AU Zd Ut} PEP 24 2}

= pun
oA B A3 T Ao et
1

portion (£4) PEP 420 o 4 B9 & AAE, o1& F21 3471700] ol i ohs shipe] el el elof Solsle
5159 2% (zip Foll A 2H = A% 75 g Th.
positional argument ($] 3] €12} <1} & H A Q.
pr0v151onal API (Z+A API) ZA API= 2 & o289 A 53
o} QeS| o] 2] 2 @rﬂ N GE A= FA T, FA A ol gkl EAIH = 7 I AEAEol 2
AT 17 BB A o] §45] A S WA o] Lol &
Qoj A £ g AT — APIZ £3817] Aol £

rl
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o] A= = ol BHE 7 LW A B FRE AA L F IE 3R] gy AAE = A==
Ut o A e Ul 82 PEP 4112 29 Hyth

provisional package (7 3| 7] x]) 74 API S HAM 2.

Python 3000 (5} o] %1 3000) o] 3.x w2z g}ole] ¥ (H A 39 w27} A uj2f o] o]ok7|d Al Fef g5 o] F
o]5o|th) o] & “Py3k” 2 £ 27| % gt}

Pythonic (S}o] ¥ thy) the AdolEolA] kA A dES AHES
71 A AR E = ol A e kel mE OPO]qoib‘r
ol Hd for T= AMEIA OlHHES BE Q4R FX

of B gloern=, gto|Hlef Q53tA k2 AMEE

m
N
mm
=y
&
r
;

AL, FFo] A Q1 o] of] A
AlwﬂHXZML
= 2 B2 dojol= o™
Aol 57 7B B Agak7] = T o

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

o 25 sfol itk Y2 ol syt

for piece in food:
print (piece)

o A BLEo Qo Sefs, G, v A Eef o] 2 P2
A A FU A4 B5oh 22 Ao, 3734

é
_I_4_,

Aze A o5 4@%q55

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

>>> C.__ _qualname

lCl

>>> C.D._ gualname_
'C.D'

>>> C.D.meth. qualname
'C.D.meth'

B2E2 7t 7= AHSE o, &A% A3t E ol & (fully qualified name) > BE H B | 7| A 5& X3
A RER VM= HoR T':ﬂ% o] 5L ouFg Ut} o & £9¢],email .mime. text:

Q

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

reference count (R 314) AA o N3l F=x2] /M4, AR AR 3L 710082 Bol AW, W2 7 v
Ut 2 3¢ 332 dutz o g glo]ld F =9 ‘“iﬂx]t %}X]UP CP_\tlmn:rLﬁf] RN R =
sys BEE 54 AA 9 £ Sl+E 585 getrefcount () = F A

regular package (FF #|71A)) __init__ .py IS X33 ‘:]"’“Eiﬂ-ﬂ'ﬂe AF A 9 7]A.
ol5 w7 A & HA L.

_slots__ ZEia U Fo AAJ], AXBEAERRESS A F S vg] Adstn dad A2 gAY el &
A A “?:}33’5‘1 HEeE Zaste 235 FUh A7) A7= A, o] Ha YL EulE A AE-8171 7
F 722 Holgh A, vl m o] e S & 22 oM B o AAB AT} Qe EHE 92
S sl= Zlo] 5 UL

sequence (A]FX) __getitem () 55 UﬂHEE Eé‘ A AdAE AL 2 @ 4 A5 A Y3},
Al A dolE 58 FE__len. () WIANEEAZYst=olHHE. 22 WA A AXES YEHEH,
list, str, tuple, bytes 7} 01—1/]1’/} dict "":fﬂ—_getitem_() I len () 2 AY3A
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z3]0] A4 )4l Qole) 2 7|2 ALg a7 bl Eo] AR~} ol jE o2 AFRTE A 2
S oF g

collections.abc.Sequence &4 Wlo]~ F& A= getitem () I len () S dojA &
A Z2H3 olE]H o] A8 Ao s, count (), index (), contains (), reversed ()&
F7H Ut o] 49 e o]~ E T3 F S register () EAMEHA HA AR 55T 5 9

%Yt

set comprehension (3 AZ2]AH) oEHE) = 84 HAAY LR E Aty 23 2 A2 v
3el= A S . results = {c for c in 'abracadabra' if c not in 'abc'}EEXA}
g A3 {'r', 'd'}E AT} comprehensions S 2 A Al L

single dispatch (Y2 t] A3 x]) & o] st QAAke] Fof| 7|2 A A = Alv = &5 t2as) X9
el
slice (E&lo]2) HE Al 9 4R E xFst= AAl. SelolAs= B AT HE H7HS ARSI A Y
t} variable name[l 3:51 A ¥, [1 koA oAH Y £AE S22 REPYTH 23S (B
Z

=

2~2AYE) BV|H2 W FEH O Z slic zq = A& 3T
special method (54> WA =) Tho] o] o ofH A, G4l 22, AT ] EAHCE TEHE HAE.
ol MANELE F Y LEE A ﬂs}i 2y oS 23 YF Ytk 55 vl A =+ specialnames

A BEolA guth

statement (£73) 24L& A9 E (=9 “BE (block)”) & FATHE REYUTE B2L 584 o AL} 7]
ZEE ARSI Y A 2 E FY U YT 71 if, whlle, for.

strong reference In Python’ s C API, a strong reference is a reference to an object which is owned by the code holding

the reference. The strong reference is taken by calling Py_ INCREF () when the reference is created and released
with Py_DECREF () when the reference is deleted.

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

See also borrowed reference.

text encoding () 2 E 217 YJ) A string in Python is a sequence of Unicode code points (in range U+0000-
U+10FFFF). To store or transfer a string, it needs to be serialized as a sequence of bytes.

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 fle (5 5} str AAE 92 £ 5 Ui 59 A 5, 22 FLL AARE vol= Ao
o|EA~ET S on/\ﬂ/\-g].jj_ﬂ/\eo:zu] A5 8 o E]AE FJdo 2= HAE BT ('
e 'w') 2 99 99, sys.stdin, sys.stdout, i0.StringI0 & A2HAE & F ASH T

ol R 24 B 9T £ 4 9l 5 AA o del AE hol 2] 5Hal ® BZ kA K.

triple-quoted string (4% w4 ¥ ¥ £219) W% () U ALWEE () A AR SR BAL, 1d 1
2 E Uz S A Ao Qe 7SS AlgaiA s AT, el 71A) ol fol A 227} 5T
SES EEE o SRS SRS G4 YEE o, Ad BAE 27

=
U
Hi= o S0 2 e, FLEFI S £ 0 53

type (&) slol# AR ] P 17 0] o] F7F2 AAAAE ZAH T A= Fol stk A
type ( F JdsUth

o
o
9
2
|

K
X
rr
o
Lo,
oft
1o
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def remove_gray_shades (
int, int]]:

colors: list[tuple[int, int, int]]) -> list[tuplelint,

pass

£ ohew 2ol o 97 9 BE 5 A&k

Color = tuple[int, int, int]

—> list[Color]:

def remove_gray_shades (colors: list[Color])

pass

type hint (3 31 E) W,
o] Al.
Y Sl E A Aol H stol oA ZAE A= kFUT sHA T A A 3 £4 T §-8319 IDE
o FERY A YAEL S FHUTH
A9 A& A, A9 g, Fs JEHHE 2 F49 J I EL£ typing
) & AMSE] AN AT 4 dF T

get_type_hints ()

o] 71%5S AWt typingd} PEP 4842 2314 2.
universal newlines (SUWA £ d7)) 23 2L AEL BE £ ZoZ A HAE AEFYL FA
S e s A B Tl A, AE = Pl \r\n, o A W EA Tl \r. 2A4E I

) 0k o}y g} PEP 278 2} PEP 3116 = B A 8

AFg-of #3f A= bytes.splitlines (

variable annotation (4> o] = ¥]|o] H) W E= F P2 oJE HEQ] o g o] A.
He TEe Fda oEHEY 0117—‘3] ojldE Edul g2 A ALYtk

class C:
field: 'annotation'

M4 ool de Aoz St int 2 /M3 A0 7))

Yt

count: int = 0

W o] gl o] A 2 H-2 Al A annassign o] A A gy o}
See function annotation, PEP 484 and PEP 526, which describe this functionality. Also see annotations-howto

for best practices on working with annotations.
virtual environment (7} £7) 3Jr°l R AREASE 58 22O o], 2 A adoA AP = ohE st
o% Z2 IS0 3 g2 FA ‘E%—O—‘IW aho] 4w 32 47111%% AR AY 28 ol ==
2 b5 s, AU Ao A 3 9
venv E H A 8.
EFc At

virtual machine (7}4} 717]) 2 ZEgojuto 2 Aol AZE. Fto]HM e 7}AF 7] Al = ulo)
293t HlolE =8 Ak
Zen of Python (3}o] A A)) -L}OVL ARl d2let 5] 55|, Aol & ol stal AbEste Tl =50l
HUth o] 2E 2 318 T EZE oA “import this” & YHsIH EJuch

Appendix A. 0{%!

84


https://www.python.org/dev/peps/pep-0484
https://www.python.org/dev/peps/pep-0484
https://www.python.org/dev/peps/pep-0278
https://www.python.org/dev/peps/pep-3116
https://www.python.org/dev/peps/pep-0484
https://www.python.org/dev/peps/pep-0526

APPENDIX B

O] dHAMo]| 25}04

117

o] AW A & reStructuredText Ao A TEE 02 Ao g2 atolH AHAE Q] &
Sphinx & A& g5 U th

A7 A9} o 5§13 EA Q) AL Thol A AA 2 npRAX = WA 02 AQE AR = YT 7o} s
Ath, 2o} whg ol o 8 A K= reporting-bugs 3 ©] & A Al 2. A8 AFAEARE AR B g

[RR=
o2 E5oA B2 ZAE =gyt
o Fred L. Drake, Jr., 92} 3}o]# AWA =3 F o] g 2}o] 2 g2 ZHl 2 9] 27}

8] Al A4 A7

« 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.

2] 9 gtold Al 71 FUth 7oAk REA A

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

AALRL 2fO] Ml A

C.1 AZEQ|0{2| A}

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

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

=}
h=4
©). Ao 7, UEE (A 9 ARE obdUTh Fho] A Wl £ ¥-S GPLF T 3HF T o2l o & Tha
W E L 8 ok AU ok
TR, o E 3T T & AS Kt GPL &7
09.0~12 | n/a 1991-1995 | CWI yes
1.3~152 |12 1995-1999 | CNRI yes
1.6 1.5.2 2000 CNRI no
2.0 1.6 2000 BeOpen.com | no
1.6.1 1.6 2001 CNRI no
2.1 2.0+1.6.1 | 2001 PSF no
2.0.1 2.0+1.6.1 | 2001 PSF yes
2.1.1 2.142.0.1 | 2001 PSF yes
2.1.2 2.1.1 2002 PSF yes
2.13 2.1.2 2002 PSF yes
2.2 o] A+ 2.1.1 2001-# A | PSF yes
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F3: GPLY} EFATH: 2L 927} GPLE o] 42 W Eohche 21
eho] 2 GPL3} 2e] ol e o] WAL 37} 248 BEA 9 £ 48
S8 ehol Mt sho] W3} GPL Stof REH ThE 2 mE oS AYT 5
oLt

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

Oh

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

r

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

C.2.1 PSF LICENSE AGREEMENT FOR PYTHON 3.10.16

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

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

3.10.16 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 3.10.16 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 3.10.16 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 3.10.16 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
3.10.16.

4. PSF is making Python 3.10.16 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 3.10.16 WILL NOT INFRINGE ANY THIRD PARTY RIGHTS.

5. PSF SHALL NOT BE LIABLE TO LICENSEE OR ANY OTHER USERS OF PYTHON 3.10.16

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

MODIFYING, DISTRIBUTING, OR OTHERWISE USING PYTHON 3.10.16, OR ANY._
—DERIVATIVE

THEREOF, EVEN IF ADVISED OF THE POSSIBILITY THEREOF.

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

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

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

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

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

third party.

8. By copying, installing or otherwise using Python 3.10.16, Licensee agrees
to be bound by the terms and conditions of this License Agreement.

C.2.2 BEOPEN.COM LICENSE AGREEMENT FOR PYTHON 2.0

BEOPEN PYTHON OPEN SOURCE LICENSE AGREEMENT VERSION 1

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

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

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

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

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

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

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

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

C.2.3 CNRI LICENSE AGREEMENT FOR PYTHON 1.6.1

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

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

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

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

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

(= el ATT A
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THEREOF, EVEN IF ADVISED OF THE POSSIBILITY THEREOF.

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

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

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

C.2.4 CWI LICENSE AGREEMENT FOR PYTHON 0.9.0 THROUGH 1.2

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

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

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

C.2. mo|’Moll HMASEAHLE ALESE2| 218t 0|2 2F2t 91
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C.2.5 ZERO-CLAUSE BSD LICENSE FOR CODE IN THE PYTHON 3.10.16 DOCUMEN-
TATION

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

THE SOFTWARE IS PROVIDED "AS IS" AND THE AUTHOR DISCLAIMS ALL WARRANTIES WITH
REGARD TO THIS SOFTWARE INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY
AND FITNESS. IN NO EVENT SHALL THE AUTHOR BE LIABLE FOR ANY SPECIAL, DIRECT,
INDIRECT, OR CONSEQUENTIAL DAMAGES OR ANY DAMAGES WHATSOEVER RESULTING FROM
LOSS OF USE, DATA OR PROFITS, WHETHER IN AN ACTION OF CONTRACT, NEGLIGENCE OR
OTHER TORTIOUS ACTION, ARISING OUT OF OR IN CONNECTION WITH THE USE OR
PERFORMANCE OF THIS SOFTWARE.
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C.3.1 24 EQIAE

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

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

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

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

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

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

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

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

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS

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

LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR

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

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

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

C.3.2 A%

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

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

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

modification, are permitted provided that the following conditions

are met:

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

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

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

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

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

C.3. Zgt=l AmEQo{of CHEE 2lo|MIA 2 59l 93
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asynchat ¥ asyncore BE-2 thg3 22 39 AHgS 28§ Yth

Copyright 1996 by Sam Rushing
All Rights Reserved

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

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

C.3.4 #7| &z|

http.cookies REX thg3 22 £ AHeE 283

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

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

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

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

Timothy O'Malley DISCLAIMS ALL WARRANTIES WITH REGARD TO THIS
SOFTWARE, INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY
AND FITNESS, IN NO EVENT SHALL Timothy O'Malley BE LIABLE FOR
ANY SPECIAL, INDIRECT OR CONSEQUENTIAL DAMAGES OR ANY DAMAGES
WHATSOEVER RESULTING FROM LOSS OF USE, DATA OR PROFITS,
WHETHER IN AN ACTION OF CONTRACT, NEGLIGENCE OR OTHER TORTIOUS
ACTION, ARISING OUT OF OR IN CONNECTION WITH THE USE OR
PERFORMANCE OF THIS SOFTWARE.
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portions copyright 2001, Autonomous Zones Industries, Inc., all rights...
err... reserved and offered to the public under the terms of the

Python 2.2 license.

Author: Zooko O'Whielacronx

http://zooko.com/

mailto:zooko@zooko.com

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

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

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

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

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

C.3.6 UUencode & UUdecode &4

R ES ST 2L 39 AE TRk

%

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

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

Modified by Jack Jansen, CWI, July 1995:
— Use binascii module to do the actual line-by-line conversion
between ascii and binary. This results in a 1000-fold speedup. The C

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

C3.7 XML EH Z2A|XN S&

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

The XML-RPC client interface is

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

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

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

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

C.3.8 test_epoll

test_epoll RES 0h 3 28 9| AL ZFFUTH

Copyright (c) 2001-2006 Twisted Matrix Laboratories.

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

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

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

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

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

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

C.3.9 Select kqueue

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

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

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

modification, are permitted provided that the following conditions

are met:

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

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

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

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

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

C.3.10 SipHash24

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

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

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

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

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

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

C.3.11 strtod 2} dtoa

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

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

* The author of this software is David M. Gay.
* Copyright (c) 1991, 2000, 2001 by Lucent Technologies.

* Permission to use, copy, modify, and distribute this software for any

* purpose without fee is hereby granted, provided that this entire notice
* is included in all copies of any software which is or includes a copy

* or modification of this software and in all copies of the supporting

* documentation for such software.

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

* REPRESENTATION OR WARRANTY OF ANY KIND CONCERNING THE MERCHANTABILITY

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

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

C.3.12 OpenSSL

The modules hashlib, posix, ssl, crypt use the OpenSSL library for added performance if made available by
the operating system. Additionally, the Windows and macOS installers for Python may include a copy of the OpenSSL
libraries, so we include a copy of the OpenSSL license here:

LICENSE ISSUES

The OpenSSL toolkit stays under a dual license, i.e. both the conditions of
the OpenSSL License and the original SSLeay license apply to the toolkit.
See below for the actual license texts. Actually both licenses are BSD-style
Open Source licenses. In case of any license issues related to OpenSSL
please contact openssl-core@openssl.org.

OpenSSL License

/* -

(THE seTATol 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-core@openssl.org.

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

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

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

NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES;

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

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

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

Original SSLeay License

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

(THE seTATol A1)
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All rights reserved.

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

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

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

the code are not to be removed.

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

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

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

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

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

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

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

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.]
/

100

Appendix C. A2} 2fO|MIA




Extending and Embedding Python, £A| B{% 3.10.16

C.3.13 expat

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

dEgych

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

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

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

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

C.3.14 libffi

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

ey

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

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

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

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

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

AHgtel M=tk

Copyright (C) 1995-2011 Jean-loup Gailly and Mark Adler

This software is provided 'as-is', without any express or implied
warranty. In no event will the authors be held liable for any damages
arising from the use of this software.

Permission is granted to anyone to use this software for any purpose,
including commercial applications, and to alter it and redistribute it
freely, subject to the following restrictions:

1. The origin of this software must not be misrepresented; you must not
claim that you wrote the original software. If you use this software
in a product, an acknowledgment in the product documentation would be
appreciated but is not required.

2. Altered source versions must be plainly marked as such, and must not be
misrepresented as being the original software.

3. This notice may not be removed or altered from any source distribution.

Jean-loup Gailly Mark Adler
jloup@gzip.org madler@alumni.caltech.edu

C.3.16 cfuhash

tracemalloc o &3] AFEEH = S| A] Hl o] E2] 3L cfuhash Z2AEE 7|wto & s}

Copyright (c) 2005 Don Owens
All rights reserved.

This code is released under the BSD license:

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

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

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

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

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS
"AS IS" AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT
LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS

(THE seTATol A1)
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FOR A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE
COPYRIGHT OWNER OR CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT,
INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES
(INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR
SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT,
STRICT LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE)
ARISING IN ANY WAY OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED
OF THE POSSIBILITY OF SUCH DAMAGE.

C.3.17 libmpdec

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

Ahgste] =P ok

Copyright (c) 2008-2020 Stefan Krah. All rights reserved.

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

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

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

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

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

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

C.3.18 W3C C14N EH|AE ARIE

The C14N 2.0 test suite in the test package (Lib/test/xmltestdata/c14n-20/) was retrieved from the W3C
website at https://www.w3.org/TR/xml-c14n2-testcases/ and is distributed under the 3-clause BSD license:

Copyright (c) 2013 W3C(R) (MIT, ERCIM, Keio, Beihang),
All Rights Reserved.

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

are met:

* Redistributions of works must retain the original copyright notice,

(THE seTATol A1)
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this list of conditions and the following disclaimer.

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

* Neither the name of the W3C nor the names of its contributors may be
used to endorse or promote products derived from this work without
specific prior written permission.

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

C.3.19 Audioop

The audioop module uses the code base in g771.c file of the SoX project. https://sourceforge.net/projects/sox/files/sox/
12.17.7/s0x-12.17.7 .tar.gz

This source code is a product of Sun Microsystems, Inc. and is provided for unrestricted use. Users may
copy or modify this source code without charge.

SUN SOURCE CODE IS PROVIDED AS IS WITH NO WARRANTIES OF ANY KIND INCLUDING
THE WARRANTIES OF DESIGN, MERCHANTIBILITY AND FITNESS FOR A PARTICULAR PUR-
POSE, OR ARISING FROM A COURSE OF DEALING, USAGE OR TRADE PRACTICE.

Sun source code is provided with no support and without any obligation on the part of Sun Microsystems,
Inc. to assist in its use, correction, modification or enhancement.

SUN MICROSYSTEMS, INC. SHALL HAVE NO LIABILITY WITH RESPECT TO THE INFRINGE-
MENT OF COPYRIGHTS, TRADE SECRETS OR ANY PATENTS BY THIS SOFTWARE OR ANY
PART THEREOF.

In no event will Sun Microsystems, Inc. be liable for any lost revenue or profits or other special, indirect and
consequential damages, even if Sun has been advised of the possibility of such damages.

Sun Microsystems, Inc. 2550 Garcia Avenue Mountain View, California 94043
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APPENDIX D

sho] 3} o] WA E:
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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generator expression (AlUd olE Ed4]), 76
generator iterator (AlY & o]¥ o] ¥ dl o] E),

76
generic function (AUlE &), 76
generic type (A& &), 76
GIL, 76

global interpreter lock (A& <l¥ =g H

=),76

H
hash-based pyc (S| A] 714} pyc), 77
hashable (GlA] 7}5), 77

IDLE, 77

immutable (W), 77

import path(YXE F=),77

importer (Y E¥),77

importing (Y =H),77

interactive (W&98), 77

interpreted (A EH Z 2 E| L), 77
interpreter shutdown (JEHZZH £8),77
iterable (°]E &), 77

iterator (°]El & o] E), 78

K

key function (7] &), 78
keyword argument (7]¥E A}, 78

L

lambda (&1}, 78

LBYL, 78

list (B]2E), 78

list comprehension (B|l2E AZE3A), 79
loader (249), 79

locale encoding, 78

M

magic
method, 79
magic method (72 WA &), 79
mapping (W} ), 79
meta path finder (WE} FZ 1} t), 79
metaclass (W E S8 2), 79
method
magic, 79
special, 83
method (WA =), 79

method resolution order (WA E ZA £A4]),

79
module (X&), 79
module spec (RE 23,79
MRO, 79

mutable (7}¥H), 79

N

named tuple (VY= F&),79

namespace (¢] 5 &7}, 80

namespace package (°]& &7+ 9]7]A]), 80
nested scope (EFH £~232),80
new-style class (F2EY S8 2), 80

O

object
deallocation, 50
finalization, 50

object (AA]), 80

P

package (3]7]A]), 80

parameter (W] 7} H<), 80

path based finder (FZ 7|9} 9}21t), 81
path entry (F 2 dE=2]),81

path entry finder (AZ AdEZ 3<14), 81
path entry hook (B2 dEg &), 81
path-like object (FAEF AA)), 81
PEP, 81

Philbrick, Geoff,15

portion (EA), 81

positional argument ($]X] ¢1A}), 81
provisional API (F+7% AP, 81
provisional package (&4 3]7]A), 82
PY_AUDIT_READ, 54
PyArg_ParseTuple (), 14
PyArg_ParseTupleAndKeywords (), 15
PyErr_Fetch (), 5]

PyErr_Restore (), 51
PyInit_modulename (C function), 58
PyObject_CallObject (), 12

Python 3000 (3}o]# 3000), 82
Pythonic (3}o] W T}he), 82

PYTHONPATH, 58

Q

qualified name (F4134 ©]&), 82

R

READ_RESTRICTED, 54
READONLY, 54
reference count (3% 34), 82
regular package (B 3 7] A]), 82
repr

HE S, Sl

RESTRICTED, 54

S

sequence (A]HA2), 82

[kl o

108

it



Extending and Embedding Python, £A| B{% 3.10.16

set comprehension (& A= dA),83
single dispatch (A& YAy
slice (£8}o]2~), 83
special

method, 83
special method (54 WA =), 83
statement (£73), 83
string

object representation,5l
strong reference, 83

T

text encoding (HlAE <913 9),83

text file (A12~E 9}Y), 83

triple-quoted string (&%
83

type (%), 83

type alias (¥ o ¥glej), 83

type hint (8 3l E), 84

universal newlines ((FU®¥ A = 43d7), 84

variable annotation (3 oJ:Ho]A), 84

virtual environment (7} 273), 84
virtual machine (7} 7] A), 84

W

WRITE_RESTRICTED, 54

X
MY T4

repr, 51

Y

Trepd Fe Y
PEP 1,81
PEP 238,75
PEP 278,84
PEP 302,75,79
PEP 343,73
PEP 362,72,81
PEP 411,82
PEP 420,75, 80, 81
PEP 442,51
PEP 443,76
PEP 451,75
PEP 483,76
PEP 484,71,76,84
PEP 489,11,59
PEP 492,72,74
PEP 498,75

PEP
PEP
PEP
PEP
PEP
PEP

Zd

A
i

519,81
525,72
526,71, 84
585,76
3116, 84
3155, 82

PYTHONPATH, 58

N

Zen of Python (3o]# A), 84

2% 8 A,

109



	권장 제삼자 도구
	제삼자 도구 없이 확장 만들기
	C나 C++로 파이썬 확장하기
	확장형 정의하기: 자습서
	확장형 정의하기: 여러 가지 주제
	C와 C++ 확장 빌드하기
	윈도우에서 C와 C++ 확장 빌드하기

	더 큰 응용 프로그램에 CPython 런타임을 내장하기
	다른 응용 프로그램에 파이썬 내장하기

	용어집
	이 설명서에 관하여
	파이썬 설명서의 공헌자들

	역사와 라이센스
	소프트웨어의 역사
	파이썬에 액세스하거나 사용하기 위한 이용 약관
	포함된 소프트웨어에 대한 라이센스 및 승인

	저작권
	색인

