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CHAPTER 1

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

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

spam(& ¥ 3ol AMF o] 7HF Fobdte &4 ) olgte & 52 WAt 28aL C gholH Y g
34 system () o] T3t Fo] A AHF o) AE RET AT FATH ., o] L d 28 EALES AAR
A A5 AP Sel o) G ke Zo] st Mo 5T 5 A1 AP

>>> import spam

>>> status = spam.system("ls —-1")

spammodule.c FYS BT Ao 2 A AN L. (A AOE BES spamo] gt 39, s G 13
= Z 30k C 9t Y- spammodule.c2til FUth BE o] F°| spammify A F v AW, B 5 o] 52
3 spammify.c ¥ & AFUTh)

sdel A e F 2L e 2oyt

#define PY_SSIZE_T CLEAN
#include <Python.h>

o] 21 Ttol APIE 7HAFUTH (A athd BE9 HAT A TAE A9Yste FA4E 4T 5
A%t

F3: FholWo] AR A ~Ele] BE a|T o] AL v A= A% A7) Ho B Ao w4 oA, BE
];17} 2385 7] Ao M= A] Python.hES Z 83 of J‘%D}

Python.hS ¥335}7] Aol FA4 PY_SSIZE_T_CLEANS A9 dl= Ao] 45Ut o] mjaz o Y3t
AL A oA wi) W =57 E RSN L

Pychon.n7} 3o 2 A8 A7) 2 4 9l /)5 EE AT o) HIH /158 A9 RE by i) ey
4TS 25 Th A€ 50, 123 o)W AB el el 7L YA SHA AH§ 31 wl ol "pychon.

5
&stU T} <stdio.h>, <string.h>, <errno.h> % <stdlib.h>.

w

h"e 2 74 25 9 d 9td & 29

T2k Bl e 5 o] Al Qled, 4 malloc (), free () W realloc() & A% AAFYTh
OEo® 5 3ol F7bshs A2 kol WA spam.system(string) o] F7HE o 252 C 9
A?JWDP(°]7L‘°1°1“‘”71]E%51% A2 2A 2 AYUh:

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);

Shol 9] Q% B2 (o & Sof, e HAA] "1s ~17) oA C P42 ADE = oz 7Hekat o]
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2.1.2 9t7k=2: o|2{2} o2

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

Jpo]  API= TRt @] ol2] & A7) f1% o2 8 Ao gyt

7H¢ kAl 212 PyErr_SetString () YU Th AAFE o9 A e} C FAE Y oo AR W
% PyExc_ZeroDivisionError 9 22 ule] Ao AA Ytk C 2L L ofefe] 9L Lhehw
gtold B2 A 2 W o o) 9] “A#H g o2 AP ).

2 38334 =pPyErr_SetFromErrno () YUT} o] 4= o Q] QA X #H 51 A
= AAste] B8 3 FATYTH 7 9ubA Ql 34 pyErr_SetObject () o] H, 9
= e AA OJXP%?%%‘JE}- olg1dt 5o AE= & AAE Py_INCREF () ¥ Z2E l5Uth

PyErr_Occurred() & &7} 2AH o] J=A v A H o= AL 5 Q5 2
o 9] 7} AP 5EA] ¢F O NULL-S RFHe U o). whEk 7‘011 Al g4 QLo 01: *M UHHA O 7 Fhp T E o A
ol 2] 7} B =] &ol 0}71 98 PyErr_Occurred() & 35T F2+= S5 Urh

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

&ﬁu
o
>
2
o

(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.)

AFs 35 T2 AAE o 9= /\]6}?4 , PyErr_ Clear() E SETt] A9 2AE BAIHCR
] ¢ of ‘6114[1]- C3IZ7}pPyErr_Clear () & E%EH of oh= A st wl = ol 8 & A B ZeJE o] AEstA
R anz GA] Aelsty il st A AU (o e 74% A=A, oFF AR ARH A oF2

3 A5 A).

BEE A Stnalloc() T2 A2 A& o Yt —malloc () (E+ realloc ()Y AH &
EAHE A2 Z PyErr_NoMemory () & $E311 Ad FA]7]E w3t O]E 3“45} 2E 7“ A A A4 4 Eias
(o€ 9], PyLong_FromLong ())& o] o] ¢S SRR, o] £ +malloc () & AF T3+
ZE Aol Al S G T
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PyExc_IOErrorofof g E‘r). OJXP ZEo] A7} 92, PyArg_ParseTuple () T+ dutg o=z
PyExc_TypeError& TAAIZA YT Frol 54 B9 W ook stAY & 24 & W53l ofF 3t
01217} 9l o™, PyExc_ValueError 7} A 3§ th
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static PyObject *SpamError;

a3 REe] 27]3 & (PyInit_spam ()l A ¢ AR = 27|18 h
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PyMODINIT_FUNC
PyInit_spam(void)
{

PyObject *m;

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

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

return m;

ol 2] A2 vlo]H o] 52 spam.error Yol FSH A L. PyErr_NewException () &4+ (NULL

thAl T2 A7 AgE A o= 3 W o] A Z e A 7} (bltin-exceptions o] A] A H H) Exception$l 2|

g e T AsUHh
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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 PylLong_FromLong (sts);

8 Chapter 2. HM|&XxI £ Q0| &%t QLS 7|
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2.1.3 Oll&|2 S0}7}7]
oA F42 Bol7HA, ol Al of e B2 o] £4L ol s 4= Yofof Tt

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

oz} BE ]/\1 o8] 7} &A= ¥ pyArg_ParseTuple () o &3] AA A o 2o o] &3}HA NULL(ﬂXﬂ
EAHE Whehste o] ol A7) S vk oy 234 °L°‘?i AALe] ZAFE Fho] A W
command el EAE A5 U T o] AL £ E tYolm 7te] 7l AL S A MA = o F YTk (wehA]
£F ColA, 4 command & const char *command®@ &HFE A A A= of oF gt}

e B2 YA 4 system () & T=2AH], PyArg_ParseTuple () oA 942 ExE S A3 Y
t}:

’sts = system (command) ;

%29 spam.system() ¥ sts Fe FolH AA=E v oF Fyrh ol AL
PyLong_FromLong () 34E AFR 3} o] Fo] F Yt}

’return PyLong_FromLong (sts) ;

o) 3%, A% AAE VBFUTh (o, G2 A= shol A AL W 4] AA AU TH)

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

Py_INCREF (Py_None) ;
return Py_None;

Py _None 5 d}o]& 2 A None?| C o] FdYth oA H % o], 2] FZolA “ollg)” &
5= NULL Z O8] 7} obU e A& sho] W AR o)

214 3 E°| HAME EH|O|E1} X7\ &4

vlol W =2 T A spam_system () ] OB TEF =4 Ho] R kS FUTH WA, “HA=
g o] 87 o o] 53 FAE g oF Fth

static PyMethodDef SpamMethods[] = {

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

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

Al AR 5 (METH_VARARGS) ol 2] st Al L. o] 212 A Z e A C ol AHEE 35 32
dEFEZgaYdyh gHtd o 7 A METH.VARARGS W METH_VARARGS | METH_KEYWORDSO%O]:
Futh 0 #& = AFSH A %= PyArg ParseTuple () & o] AHEE S o v yth
METH_VARARGS B A& o], &+ 3to| % & w7} ¥4~7} PyArg_ParseTuple () & &3 7&
Ao 5| 8H = FEE AGE &42& 71ﬁHffH of gtk o] Frofl o gt A g A K= ofef ol AlFH Y
71N E AAS Aol AEs) ofF 5hi, Al WAl F o M METH_KEYWORDS W ES 24 = 915 Y
°] A%, C e 719 E g- 7t E A tH"XH Pyobject * o 7] HE ot of of itk o] Y
gto = PyArg_ParseTupleAndKeywords () & AF&3}o] ARE 718 EASHAAI L

A= HolEL BE Fo| FXA A X }_ﬂo]o]:‘d—qr/]_
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static struct PyModuleDef spammodule = {
PyModuleDef_ HEAD_INIT,

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

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

A, o] A= 282 2731 oA Az HE AdFojoF gyl %2 ]EP ghro] o] 52
PyInit_name () ©]oJoF Ut} o] 71 A nameS BE2S] o] FolH, BE 3} Y9 X*JE‘ A3t H static
G oo oF Fhth:

PyMODINIT_FUNC
PyInit_spam(void)
{

return PyModule_Create (&spammodule) ;

PyMODINIT FUNC+ 342 PyObject * Hl&d@d o g Ay, THhEZo| 223} E4 P AAS A
A5 0], C++2] 4L 42 extern "Cr e AAstol Fo] 5442
Dol z2aWo] (F O BE spamg YXE T uf, PyInit spam() ol Z=H Utk (o] W
e A= ool A AFF ) ol PyModule Create () € &8, 28 AA € W3t 2§
ol o] A 22 Bl o] B (PyMethodDef F2A Hl D) S 7o 2 Y3 F5 ARNES A2 BE ZE
A3yt PyModule Create () & T EE Ao tist 2AHE W& Ut 54 dg9 A%
(el o2l 2 FUE A, RES BEAA 27138 4 Yo NULLE WS 5w Th 2713}
F4E BE AAE SEA A e oF Ut 22 ® sys.modulesol 44 g Th
shol W& Y FE uj, Pylmport Inittab H o] o] FEo] QloW PyInit_spam() FF7F AR
S&HA GSYLE B °ZﬂﬂﬁbvwﬂXﬂﬂﬁﬁjWM@wpﬁmmwhmmdﬂ < AMg3h,
ddHoz arge LEE YEE Fth
int
main (int argc, char *argv[])
{
wchar_t *program = Py_Decodelocale (argv[0], NULL);
if (program == NULL) {
fprintf (stderr, "Fatal error: cannot decode argv[0]\n")
exit (1) ;
}
/* Add a built—-in module, before Py_Initialize */
if (PyImport_AppendInittab ("spam", PyInit_spam) == -1) {
fprintf (stderr, "Error: could not extend in-built modules table\n")
exit (1);

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

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

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

(Th5 sTeTATol A1)
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(o] A sl o] A ol A AH)

PyMem_RawFree (program) ;
return 0;

-~

sys.modules oA FEZ A A ALY Z2 A X
LE S (B exec () E MYAZIA F2 fork ()
Yth 88 28 R A= Y B go|g 122 2733

A FAodH RES A8 Az HE
med) dF g 2ol EA IS
o 9] E 7]& ol ok gy th

0, 10, it
ofy Kl R

o] & A A9l A REo] Modules/xxmodule.cZ Jo] % A A Z o) L8 F o] g5yt o] 9
4S Ao n AEH AL B A A E 4 A

31 spam A &} &) xxmodule-& ThHA X 7] 3} (mudti-phase initialization) (3] 3.59] M 2-& 7]%)
= A2t} o 7] A= PyModuleDef 2 A 7} PyInit_spamol A ¥Hte] 17, R E AJA] & U2 E F Ao
DAY YT oA 278}l o g 244 3 82 PEP 4895 XAl 2

Mo e g5 Aol Aok T = AN Aol o A4 th Aok sho) 1 A~ he] @
FHEYZAHE }‘?“i, A F A2 Al " o] AFE3HE 54 29 A whet gebd 5 sy th &%
BES UESE Aol B8 A (C} C++ S U =617 ) A5 Y Eof o st ApA| 8 W = o] ol gt
#HE F7 AR (D= A e C++ ﬂﬂ vl c 7] A E FZIAAL.

FH EYSAET F AW BES ol JdHzgEHY 7 Hd REoRE e, 14 AR
W3 AEH = E]Ei E A B ESfoF FUth & $AE, o] A2 FY oA i gy th &5 F
A2~ Bl E 9] Modules/ T A E o 3t (o] & E9¢] spammodule.c)S E31, Modules/Setup.local
o) o 29 L& Vs S ES FUEIA Al L

spam spammodule.o

283 FHA49 dHE g o)A makeg A3t AHZZEE A A EFAI A 2. Modules/ A H T
g e 2ol Al make S AYPTF S+ & 9 A ‘make Makefile’ & 43§ 5}o] MakefileS ThA] W E 3] oF

917
FULE (o) AL Setup $2E 4 AT woltk LR TH)
wEo] YT 7} eholnelel st BLFH, ol A% A Q9 Fofl AE 4+ Y5 Leh ol 2 Eol:

spam spammodule.o —-1X11

2.1.6 CO||A{ L}O|M St SE5}7|

AF7HA] SpolMAAN CFTE 2T+ U= F ot d JFAS YT L W= F&Fch CollA
gtolH T4 &3], o] A2 53] “FW” F4E AWk ol By 2o Aol s Th C QlE 3 <]
Aﬂitﬂ‘ 2 AL, 58 sho] e 2F glol A TR Jew oA 2 W AUZS A F ok B et
AsUth F8L CEFWNA gho| 9 F4-E S ok FUth thE F 2= AT o+ st
theg 8], ghojd Bz El = AAH LR A TE2HH, FolH F4E TS5t £E AT o] 27 9
FUTH (54 2L S 9822 sto] A A& S &3 ol dajA & &4 s U — &4l o]
AT, sfo] W 4~ FEo X Modules/main.c® ~c B8 & 4 TS Ao HAA

to
RN

= 523715 A5 UTh WA, sho] i m2 2L o @A £ of g Hol A 3ol W F4 AA
Adaof FUth o2 S8 B4 (EE ohE AH o] & o Lol ¥
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o M (e ool B7lofl AT 3 ojtfoluhofl stoj A ek Ao th e 2AEE A FAAI 2
(Py_INCREF () 3 of st Aol L3t AIL). ol & S0, th= & BE B9 474 = dsuth

static PyObject *my_callback = NULL;

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

PyObject *result = NULL;

PyObject *temp;

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

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

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

;

return result;

] &= METH_VARARGS Z 2| 1E AHE-oto] I H Z 2] g o] S Eaf of FUth; o] A2 A M 50| vA =
Bl o] B3} % 7]3} <50 A E o] 01’\1/]1‘/} PyArg_ParseTuple () &2 249 QR+ & g0
A7) %%‘6?71 Al del A s o] JFUTh

W =2 Py_XINCREF () &} Py_XDECREF () = 2149 I Z 3 4+E5 S/ A7) 9 NULL Z 2 E 7} &
o SEH U TH (2} o] ol A temp= NULL ©] obd o] o] St Al ). A = Slof o] of tf &t
ZA & H B 7 Q5 ok

Lo, J'/Fg 53w, C g4 PyObject_CallObject () & TEF UL} o] o= F 719 AAF
7 d&d, 25 °‘«1-4 shol A AA el o gt ZAE Yuith: shol A o} 1A FE. A2} E%% F
Aol 7} A2 9 FF AR ook FUtTh A} glo] gholM g TEEH Y, NULLO| U Y /&S
AgaAe; el AR TEAeH, & G2 FEL AL L. py_Buildvalue () & EY

G0l BE Abolo] 07] o] 4o R HER THH UG 0] FES WAFUT oI SH:

int arg;
PyObject *arglist;
PyObject *result;

arg = 123;

/* Time to call the callback */

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

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

PyObject_CallObject () ] s
Ut PyObject_CallObject () &= 1A} # & dto] «3
PyObject_CallObject () ]

“Yh

PyObject_CallObject () 9
71E AA At} wpepA, L%ﬂ H
A}E Py_DECREF () 3f oF & th.

2 o] e £ sh7] Mol vk gho] NuLL o] obd A] 2l s of EME} a5, ghol
o928 WA A7 28 AT Pyobject_Callobject () 2 C LE} sholalol A 33
oAl sto] 2l T E A ol A ofl 2] T AIE WSO, A Z 2] F 7}/\H‘ =] Ol/\e Af AL T&3

O: ol AL shold ol wa g
A¢ FHA AU o deA=
ZALT N EZo] BHESH

o gre A A" QU TE S8 A 2e A o AL 2
ol Qe Ao o &, Ak (53 1 @

Erm
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NI a4 Yr= sh) o] o] E7153 AV vt A 51 A] 9o, PyErr_Clear ()

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

glo] W Zul rof T3l Pk e o] 2] whel, PyObject_CallObject () o A E=L A F5f oF
T dsuch woll e A 52 29 S AT 22 A o] AE B3 stold =2 Il A
ﬂl*%\%ﬂ I8 v g AR o 22 WA 2 ARSI AN %l*\%vk OE drols A EF
L2 AL M FE22 AL £ 5 AFUh o] 8 k= 7p 2bd et 2 Py _Buildvalue ()

mr

£ 523 AYUTh ol § Bol, A% oMlE =S A Y, e A=S AT 5 JHUTh
PyObject *arglist;
arglist = Py_BuildValue (" (1)", eventcode);

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

& A%, o2l ¥4 Aol py_DECREF (arglist) o] W0 f2] st Al Ll =3 A 81A T3t o]
D=7 AASHA bl = F 3 A 2 Py _Buildvalue () ol HIE 27} £5 4= 9loj M Qs of

a-
Ut
Q17k9} 719 = A2 X BHE PyObject_call () & AHE3He] 9 E A7} Ye F4E 52T 4T

d&Ut) 99 oo A 2bgto], Py _Buildvalue () % AHgst] 9V Bl E A4 F YT

PyObject *dict;

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

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

2.1.7 EAH SEA0f|A] OY7H B =E5517]

PyArg_ParseTuple () = o}

o
i)
my
o
>
re.
it
AW
iul

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

arg A= SFOl N A C F4 2 AGH & 914 B2 o] LFH K& AR o] oF FUTh. format A AH= Z o)
27493 0] of oF B}u], 3£ 3o] A/C API 31 12 v 37 2] arg-parsingo] 4] o G3uTh. vhul A
A E9 Ao o8] Wol AR & w4e] Faolof gk,

o

PyArg_ParseTuple 2 gho] A AA7F & 7 H = FAA FASA L S &0 AGHC WS T4 F
TS AT blE} A4E 3, AT SEF AU Ao E v 2|9 o v EE Yo% Th
a2y iﬁﬁ}ﬂ/\l+

TEAANA AFEH = BE stold AA Fxe DH L2 (borrowed) FE Do FFHAL; Fx AFE

2 o] 2] mh4] 4] 21

R 7 A A B
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#define PY_SSIZE_T _CLEAN /* Make "s#" use Py_ssize_t rather than int. */
#include <Python.h>

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

const char *s;
Py_ssize_t size;

ok = PyArg_ParseTuple(args, ""); /* No arguments */

/* Python call: f() */

ok = PyArg_ParseTuple (args, "s", &s); /* A string */

/* Possible Python call: f('whoops!') */

ok = PyArg_ParseTuple(args, "lls", &k, &1, &s); /* Two longs and a string */

/* Possible Python call: f(1, 2, 'three') */

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

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

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

f('spam')

f('spam', 'w')

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

}
{
int left, top, right, bottom, h, v;
ok = PyArg_ParseTuple(args, " ((ii) (ii)) (ii)",
&left, &top, &right, &bottom, &h, &v);
/* A rectangle and a point */
/* Possible Python call:
£(((0, 0), (400, 300)), (10, 10)) */
}
{
Py_complex c;
ok = PyArg_ParseTuple (args, "D:myfunction", &c);
/* a complex, also providing a function name for errors */
/* Possible Python call: myfunction (1+27) */
}
14 Chapter 2. H|&XI =7 Q10| &% QHE Y|
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N
o0
fob
bal
g
1
1]
40
rok

7I9IE O 4

PyArg_ParseTupleAndKeywords () s o337 2ol AAdg Ut

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

~

(]
—

=

argS} format Wi 7| M 42= PyArg_ParseTuple () 49} S A3tk kwdicr ] 7] W 5= I}
Aol Al Al A 7] W2 S8 7|9 = g GUTh kwlist vi7) M= wfj7) M8
AL NULL F8 S5 YU o] 52 5N LELOR formar®] @ B H} A Y

PyArg_ParseTupleAndKeywords () & Z& Wi3sta, 18 x) ¢Foy 7}21 S wk3tala A 7<E

AUk,

o
B

ﬁioiJz
oH i =
ol

To

B1: AYE ANE AT 0 FHD F2L PEEAT 5 A5 UTH kiisrel gl 7191 = vl W47}

HE
AE= 1 TypeError& WA A Y Th

T}-2-2 Geoff Philbrick (philbrick@hks.com) &] o #| & 7]¥ko. 2 3}, 7] =& AL&-3l= oAl RE DY TH

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

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

{
int voltage;

const char *state = "a stiff";

const char *action = "voom";

const char *type = "Norwegian Blue";

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

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

return NULL;

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

Py_RETURN_NONE;

static PyMethodDef keywdarg_methods[] = {
/* The cast of the function is necessary since PyCFunction values

* only take two PyObject* parameters, and keywdarg_parrot () takes
* three.
*/
{"parrot", (PyCFunction) (void(*) (void))keywdarg parrot, METH_VARARGS
—~KEYWORDS,
"Print a lovely skit to standard output."},
{NULL, NULL, 0O, NULL} /* sentinel */

METH_

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

bi

(TH= sl AT A1)
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(o] A sl o] A ol A AH)

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

2.1.9 gel9| ¢ #5351

o] g PyArg_ParseTuple () o Rt J Ut} th3t Zo] dAg Ytk

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

1A (3] 2 o]

ol A Wk} 7] o

PyArg_ParseTuple () oA AAH & AT G413 £ wh9) AL A4 oA 7
STL1eT 21919 th & 2 Q161 7} oF ] o] 1% ghol ol B, 31 ol Hol A & 5
A Al shol W AA B wHEkgh o,

orf
g

PyArg_ParseTuple () 39 & 7}A] x}fo]A: T 2= A HA| QA X}7F FZ o] o] oF dFA] ¢ (ko] A A}

EZ2 P UWRAoR FERE 27| B EYUth, Py_Buildvalue () & 37 FES LEdHA =
ek 2o EA Dol F ol4ke] 9 U7l R A9olw FEE A= 29 EAo] wo]
910 ¥ None & MHEFEHI T 4 53] S1ube] ZW thel S Tabetu, 170 Tolo] 7 3T T whel 7}
N AAE MERUD. 2774001019 FEE AR VBT S 27, EU BAAL 252
FogA L
A (AFE TEo 1, L 2EL A Fol 4 %A UTh:
Py_Buildvalue ("") None
Py_Buildvalue ("i", 123) 123
Py_ BulldValue("lll , 123, 456, 789) (123, 456, 789)
Py_Buildvalue ("s", "hello") 'hello'
Py_Buildvalue ("y", "hello") b'hello'
Py_Buildvalue("ss", "hello", "world") ('hello', 'world')
Py_Buildvalue ("s#", "hello", 4) 'hell'
Py_Buildvalue ("y#", "hello", 4) b'hell'
Py_Buildvalue (" ()") ()
Py_Buildvalue (" (i)", 123) (123,)
Py_BuildvValue (" (ii)", 123, 456) (123, 456)
Py_Buildvalue (" (i,i)", 123, 4506) (123, 456)
Py_Buildvalue ("[1i,i]", 123, 456) [123, 456]
Py_Buildvalue ("{s:i,s:i}",

"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))

21.10 &=x sl

CLFCt 9 22 SAolol A, Fol A Wl 2.2 2) 54 e} & sl Al sk 2L =z aehul 7L Bk

o=, malloc () I free () T4E AFRTl] o] 2HY LS 43 ?}1413]- C++°ﬂ/\‘]t, AA A newt delete
EEZFoZ 7 %ﬂuli/\}ﬁﬂﬂﬂ T FAMEs =98 CY FE AT AF UL

malloc() &2 & -?4_ EYRg BEEL free() & A3 A WA TEF] AR 753 v R 22
Wbk o] of T AAIo] free () & BEGE A0l FAFUTE B F48 Aol HA T, £ree ()
E35EA god JEJ‘“’“OI T2 u7hA] EES AR = WEYE ZH*F"LU“‘ %i’“‘%"% o7&
W 2 2] = (memory leak) 2}al G th Qtdol, 22 I3 0] EF o 3l free() E EES TS E5 S
A< AR, thE malloc () 28 53 E5& AAEE u T HAAFULE o] AL S AE W=
2] AH8-517] (uszngfreed memory) 2t31 FUth 27|13} E 2] k2 Hlo]H & Fxote A 2 U A0S
zHRFUT — FZo] =, A5H A, vadH st =
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o

QA9 AL TS FA W ALAA FRYYT) o8 Sof, FHE M=
A

14 o} oAl geeell

o, e

o
n
o &

A e

3 9 3}
2} 2 )6 MR 5 AES T
o, $H v e] BES A e AL Lo
N A A Gtk o FEL
o= e A4 v R ) gl A, e 2
& 22 A 20 A v 57k Ve o mebd, o) € S5 o2l g

oA E e
ol o2, [U‘O 2 '|>

o Mo py
° g

e

4y

}

]o

N

e 1o N,
O %y [N
TANroz)y N 2 o

o fo 2
44
2

x o ok 2

o o ol

71 W 2o, W& 2] =) s Al E v 2] ARSe v 5k

. | (reference counting) 2+31 T T} A&+ 71-\:1-?}14 th 2=

e Eaghin o) B2} ol vl stol A% o S7heaL, B2 A E
o, 78 17} 00l £ 2tel, 24 o) o2 vl A v 227k AAE A o) A7 S AH

A% 748] A =3 (automatic garbage collection) ©) 21 FUth. (W 2 &, I X 34 A 7| = 7F8] A
2kal s A, 7}11 < 78] A “AEr e 2 s UTh) A 7HRIA =R MR 2 AL
ree() EBAA R TET IRV Qirke A?:MDP (EgeFdd old2 S
7| A o] Ak — o] AL A3 ALl o] o} T}) ° Co] AL Hx 312 A 7] = o] A1A QA
DA R (< malloc () I free () EAMEE 5 9}% St — o] CEE AU, A=
oﬂlﬂ*@ﬂﬂ“ﬂ—ﬁdﬂW?HMC%° aﬂﬂﬂwLﬂ%ﬂmn
AYMT. 27, el g2 950

& A7) TG AR, 2 ¢
ARA AL A € H BEE W=
durh ol thall 474 skA] o :
=% AANZ 35 oA, <28 7t A= 00] o}
TN = =& AHA o ti e 57 Fx27F flH ke
ol A Fxd vz 34T 5 A5 UTh

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

Tz Ao S} FAE AYste F MY w2 E Py _INCREF (x
Py_DECREF () & §1¢7}0°ﬂ sgatd AAE A= T &
SHA] ks Ut — WAL, AA S & A A (type object) ol = T £
71eh & A8l & AAoll= 8 B AA o st = 1Ei+§£?:‘ Yt

oAl & A& o] gy th A Py_INCREF (x) £} Py_DECREF ( AHg U7 |A B 7hA] fol =
afA5Uh ot AAE “’“Tr(OWHS)”B‘}Xl syt | E%Ur, AA o et F=2E

reference) 3 5= YFUTH A F=x 34 oA o 7“Xﬂ o st FxE A2 P Uk Fx

26 = = 272 5HA ¢ °}° o] Py_DECREF () & T &3 oF Ut Fx £254AL I 5
AsUTH &3 3 %JHﬂFHVWQm%ﬂm*Wﬂii , A7 W Py_DECREF () &&. &%
F2E AE3A o v R Fa7h Ay oh

Aol thet FxE Bl (borrOW)2 T 7bs gy Fxd 1'%@ﬂ(borrower)h Py DECREF () &
A e dFUTh ol Ats dd 2Rt E e AXHE 2o = A FUth 2 /A7 A2
: &5t Al MR e 5 AT 7 o] slelA Fof 35 of F .

Fx el vladm Aefr)ef o) g e AES S Tbe Tt B JRol M F2 g AT DTt ke
AQuth — 5, 4L Fx S A8stE 7] 8 Ao £ 0] JlsUth 2f8te Aol vls)
Wit A9 RS, ARG SHE REAT, UAE AFAN AAZE BEE AL ol U2
F27FAHEE 5 Qe MR AEel ke AdYrTh

JE F2EPy INCREF () & 2E35to] ARt 22 WA ¢ Q5 Uth of& 328 182 & {4
BEel G vAA FeUt — 2L 278 F2E NS, FFT L/A A AL FAFY T (o]

“
> 2% e bomowing” £ S5l §0h ) FEUTE 2R 08 A2 AR E D g0
2 257 ol FAsHE AL AF A U B2 A5 A AAE R el 9L 5

ANEE 5 JTh
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B

FAHRE ohU e, A & f A B2 E Sub2A AR oF FuiTh.

>

A 7

A 27} TS A
Aol Al 234U

41
To
fru
2
i
i)
2
=)
&
[
Ho
=
©
oY
[
1o
u;:t
S
i
A
rlr
X,
[
o,
N,
52
lo
X,
rlr
%
+
ro,
a,

AR st FxE = FRY 5 T2 A AFAE AP UL 573,
PyLong_FromLong () ©| 4 Py_ BulldValueo&PE‘% A AAE D=L 7S 7N EE ST 2R
AL FAAANA AL Uch AAZFAAZ A AA 7 obU e, o 18] s F AA o st A Fx9
2fdAE H5Yth 9§ £°], Pylong_FromLong () <& 3] AH&5 & ke AAIE FA8HAL A &
FEo st FxE wEE 5= sy

g2 AAdA AAE FE3c B2 F55 28 A a7dE A2 UL dE =
o] PyObject_GetAttrString(). &y % 7} WA FHo] o go]7] wjFo| 17
o] W3tstA 4L PyTuple GetItem(), PyList_GetItem(), PyDict_GetItem() %

PyDict_GetItemString() 2L EF EZ ZAE =Yg oA & E w33y

Az 5
PyImport_AddModule () &4 5 AR = vlglsts AA S s £ YA vk FxE v 4
Aol th3t 273 FZ 7} sys.modules ol A= o 917 W &

=
re
_')l_ll

AR FrETE A AT o, dtdo g, =AY o2 iy IxE 09Ut — A2 E AR

3 oF 8}, Py_INCREF () & AF&3t 5§ & XV} AUt o] F 3o+ F 7] F 2397 A5

t}: PyTuple_SetItem() FPyList_SetItem(). o] T2 AGH FE et A2FdS AT Ut

— AAAgstE gt E! (PyDict_SetItem() I 1 2_1?—,:,_% 2FAES HAA SFEUTE— o] 52 “HA”

duh)

C&L7t oo 22 uf, SEXZHE 2 Aol st Fx2E AFUth SE 2= AA| o ot

7\95—3 afszl oo, 4d Fxo) s d v vgkd nj7hx] R YT ojH Y 32 A%

StAY Ads)of & wl vk, Py INCREF () & &3] &3 22 whEojor gyt

gtol Mo A TEH C FolA v AA 2= AFst Fx ook gt — &Fd2 TolA &4
2 ddgyrh

Al

=220

BH7) o] Fafgt A Fxo Atgo] EAIE €42 5 e B 7HA Aol s UTh oJAEL BT

FxO AFATFREARIES T 5 Jd= dHZHY EAH S&3 FHH o] JdFUTH

74 A Gotop & 7MY Fa%H A9 H2E FFo tha FRE Y= T ARl fle AA oA

Py_DECREF () & AH&-3t= AUt ol & Sof:

void

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

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

°l e A list (0] H F2E DA ohS, 1ist [1] S 002 vy, npx oz Wg x5
Jﬂf‘“flﬁ} Fafel Kol A 2?7 A vk 18 %] gkFTH

PyList_SetItem() 229 Alo] 35& wet7t BAIth B2ELE BE & st =2 & &F3A,

FE 1S wAS ) g FE 1S ﬂt(dISpose) o gt o)A A& FH 1] AMSA Hf F

Axdaghyl 7FF 1AL, Feart__del () WIAEES FY gl o 7138 FAIh o] el dad

29 FZ 7L ), o] & AEFE __del () WIHEZFEEH Y

oMoz 24 9l 7] del = doY stoln I=E AYT o]

A=
bug () WA itemo] EHE} 74-}_3 2 5].: EARS
F2EV  del () WA EA AN 755

18 Chapter 2. H|Atx} =3 Q10| EH&t OHE 7|




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

AdPe ¢ glon, o] Z o] s F A of v gt viA| 2 Frxetar g e, 1A AdE v R e E s Al ek,
A itenS FE = ST}

A 992 € yd, 2 HHS gdsUth AF R Fx 55 SEAAL. e w A
dre e Zsynt

void

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

Py_INCREF (item) ;

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

Py_DECREF (item) ;

‘:‘a‘_ﬂzoﬂ Txﬂﬂ A+e F EH_RH R et RS R ]
xﬂ T2 B3 ete A9 Fo] QlojA], gtolx A= 1’41391
syt 28y, W32 2 py_BEGIN_ALLOW_THREADS & A}-8
Py_END_ALLOW_THREADS & A}23}o] thA] 8 H T 4 Q5 Uth oj= EE 7 T/O

7t 5= 7 E 7tk = St the 2 =Tt Jiﬂﬂf‘ﬂ% AHEE S JEF FYh 298, o e
o];Q ol = 9].7L% Dxﬂ7], SIEa BRI

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

Qo w, AR HEE AR ASHE Yt NULL EAH S ALY A0 2 ek o, 127
348 2ol 2 Yz gch (L o] F9] T Y2 B FAIYTH. A FEE VB P AWAoR
o 9] 7} 9 92 LFER 7] $1314 9 NULL & RHER ok NULL Q14HE AAFSEA) gk o] i i ol
%% A0 we AN S hE Poo) ALSH] MR YU th— 2 S hNULLS AT, F 5 AL
Bhol M sta =7 H el A AR g o)

NULL € < Sl ZAE7F A8 w] “Aa 2 o A RENULLS AARSHE 2ol S5 U, o€ 501, malloc ()
14& o]:: S j_oﬂ}ﬂ

o
i
2
fo
it
[
>
>
nf*‘

U] 22 Py INCREF () 2} Py DECREF () = NULL ZEHE HAASHA] g5 Ut — A wh 252 Wy
Py_XINCREF () 2} Py_XDECREF () + &9l3ht}.

ER AX L F3H7] 93 UHEE(Pyty e_Check ())= NULL Z91HE
o2 7l st= Foll thall AAE AAsH] fsl Gl oleS o8 W &
AN AR ek nLL AAVE S B RS glg

CH4 5% v AUFS C ool A2E AR B2 (ol A& args) o] rh nurLo] obd & BT o}
— AARE P RELL BT

NULL Z 9 E] 2 s}o] A A& Aol A “i} A U7HA]” Bh== AL A 7243t of 3 9 U o}

teeaE 28 Y & AL AT W ol T B2 FAH A GFUTE— 0| 22 W3] N1 E ZE A Fo] wHF Y Th

selalA) gLt — oA,
Zole FE7BolA, B8
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2.1.11 C++E E&t ZHA5}7|

CHEIZ EES 75.“‘ g4 JdFuUth R A AR o] AEH Ut v Z2 2 (oA A Z 8 H)
olCHNYHE AL AW, A7 A= Aol A A (static) AAE AHEE 5= gl UTH
Q1 S22 Z1 3l o] Cot ﬁJr‘”E 2 539 Afole ZAZEEA GEUth stelA Bz H7 52T
S (E5], RE X7 )= extern "C"E AFR3Fo] A AAFfoF FdUtt extern "C" {...}E 3}
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Python provides a special mechanism to pass C-level information (pointers) from one extension module to another
one: Capsules. A Capsule is a Python data type which stores a pointer (void*). Capsules can only be created and
accessed via their C API, but they can be passed around like any other Python object. In particular, they can be
assigned to a name in an extension module’ s namespace. Other extension modules can then import this module,
retrieve the value of this name, and then retrieve the pointer from the Capsule.

4 2ES CAPLE w3 ohe o A8 AHE s BlelE o8 A7 ek 2 997k A
A& A7, RECAPIEQAEHAGE M2 48 AL AN+ A5 1el3 2 S
AR AN E AT AL TES ABE BET 2ol AE BE 7ol o] B0 BaE 5

91Utk

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

23], CAPIE 3751 o AF85 = Ag ol the 7 2ol we} o] B2 A Qe of g )

modulename.attributename

Ho] &4 PyCapsule_Import () S AF2SH HES 8] Al Z2F CAPIE A 22 & 4 QAW H
ool of A3 AT W W TWE UL o] B2 CAPLAS AN A AHAlo] 2T & g0l LE
API7} S35 o] 9 The S-S F 1) T,

The following example demonstrates an approach that puts most of the burden on the writer of the exporting module,
which is appropriate for commonly used library modules. It stores all C API pointers (just one in the example!) in an
array of void pointers which becomes the value of a Capsule. The header file corresponding to the module provides
a macro that takes care of importing the module and retrieving its C API pointers; client modules only have to call
this macro before accessing the C API.
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static int
PySpam_System (const char *command)
{

return system(command) ;

i

A #tA +3 9T

spam_system () S

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

const char *command;

int sts;

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

sts = PySpam_System (command) ;

return PyLong_FromLong (sts);

259 AF LR A, Th F 2 Thgo]

#include <Python.h>

e T 2€ o 278 oF gtk

#define SPAM_MODULE
#include "spammodule.h"

#define2 3|t utdo] &
vtoz, mEe 275 B4

n&ﬂ
o
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EXREold YR Y= EE 2

1 &2l ol AHEE YT 1A
C API Z ¥ v &g 27]3}8f oF gt

g}o

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;

(Th5 slTeTATol AI%)
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return m;

PySpam _API¥ staticO @ AAFYTH 22X 4O W PyInit_spam() o] TE T uf] ZQAE v d o]

Ah oy
) )R 2L 3 H 542 spammodule.hol §lon, TS} 24U Tk

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

#endif

/* Header file for spammodule */

/* C API functions */

#define PySpam_System NUM 0

#define PySpam_System RETURN int

#define PySpam_System PROTO (const char *command)

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

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

static PySpam_System_RETURN PySpam_System PySpam_System_ PROTO;

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

static void **PySpam_API;

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

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

static int

import_spam(void)

{

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

}

#endif

#ifdef __cplusplus
I3
#endif

#endif /* !defined(Py_SPAMMODULE_H) */

PySpam_System() &< N2317] f18) Seto] I E REo] sfof & 2 273} ol A g (A

of] HA| 3} E
|3 2) import_spam() & TE3F= Zlo] AR Yk

PyMODINIT_FUNC
PyInit_client (void)

(Th= sl o] Aol AIS)
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PyObject *m;

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

—~
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221 7|x

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” .

web, Al B3 e ol ste |, Al @ AA S WS ojof gt
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gO

#define PY_SSIZE_T CLEAN
#include <Python.h>

typedef struct {

PyObject_HEAD

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

static PyTypeObject CustomType = {
PyVarObject_HEAD_INIT (NULL, O0)

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

(TH= ST Ao A1)
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.tp_itemsize = 0,
.tp_flags = Py_TPFLAGS_DEFAULT,
.tp_new = PyType_GenericNew,

bi

static PyModuleDef custommodule = {
PyModuleDef_ HEAD_INIT,

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

bi

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

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

Py_INCREF (&CustomType) ;

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

return m;

o)A g ol W0k T Ao] AR, o A G} ul ) Mol /1 wehich. o] SAL A A4 E )
Yok
1. Custom ZAA o] £H A: CustomObject F+ZEA o)™, ZF Custom AAEAwlT} 8F WA ShtH

Ytk

2. Custom 9] &5 WA CustomType T2 A o] ¥, 54 <d4to] 8 & wj A Z 2] 7} AAet=
Zefael 3 2AE JEHE T

3. custom B EE 27|38 W PyInit_custom 48 ## custommodule T2 A Yy th

R AR A

typedef struct {
PyObject_HEAD
} CustomObiject;

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

F3L: pyObject HEAD PiAE Fo& A EE°] glaUth A2 3718k Aol Fof st 47

AodH = 22T AdUh

EZ, A= g o2 x5 pyObject _HEAD T 9l o] 7l do]H & AUt & 0], 5

o] 1 floats o B3k 4 2} &= 083} Ul oh:
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typedef struct {
PyObject_HEAD
double ob_fval;
} PyFloatObject;

= ) AL 8 A9 Hel g,

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

bi

Zar: A7 2R ¢k= R EPyTypeObject BEE YE 3R] ¢t 9
/\
5

A
29} Zro] €99 ~EFY ©] A ¥ (designated) X 7| 3} RS AR5 A o] 5T

object.hol Y= PyTypeObject o] AA =9 AYrpp w2 A& 25Utk YA =+
cAzLdH s 0oz YA, 23R ko YA FH o2 A AFA] o= o] &

3uo] @ e w2 o2 1 g ok

’ PyVarObject_HEAD_INIT (NULL, 0)

o] 2L 9 oA AF 3 ob_base BT E 27]3}3}17] 98 A4 A8 dUch

’.tp_name = "custom.Custom",

2 P o] F. o] AL A9 7| R HAE FHI AF o wA A o YEbEUT o & S0t

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

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

Ol BEOFH EE W IY ol EF 2@t Joz Ao
EEL CustomO]I’_ L customo] A, & o] 2L ¢ o
pickle REH} SHH LS sejwl A4 How TRE JEE J2E A3 2ol TP

sl

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

O] AZ MELR Customn ALHAE WS wf ho] o] T v R s &5 == 7] AT AdU
tp_itemsize® 7HH 7] AA ol AHGE W 1A ko 0o]of oF gt

Za: sho]lHo A FE B ZHA T ¢ A7 E U3, ol Wlo|A2F T 22 tp _basicsizeE 7FAH

%@hoﬂ A7 A& AsUTh F9 JJroM AH ’?ﬂc% bases__ o o] < WA L]—OﬂoHO]:
Fuch 28R ggod o glo] 8 __new () FINEETE2Z 5 gsUTh 3301 Hﬂo]éb‘éi‘:}%
tp basicsize 4hS ZEE stol o BAAEL AT 5 Atk YEEY 9, o] AL o AE BE
st wlo]2d o] object ol Ak, T H A oW wWo]AF o tlo]E WHE F71sto] 271 & 587
o & U
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.tp_flags = Py_TPFLAGS_DEFAULT,

EE YL o) s S 2ol s of i th Aojx st 33744 oA EE W E 4%yt
F7hAw 74 shd, s F e 2E OR 3ff of gyt

tp_doco] B EAEYS ATt

’.tp_doc = PyDoc_STR("Custom objects"),

A 33 P SA SR tp new AL11S AFTF FuIEk oA Tl U ANE s 03}
FS oA WA A o7 2] OH o gt} o] A-oll=, APl & PyType_GenericNew () oAl Al &3F=
NETEE TFAET S ASUT

.tp_new = PyType_GenericNew,

PyInit_custom() & &F Z=5 A &Jstal, oo th& ZE H&2 dssioF Fth
if (PyType_Ready (&CustomType) < 0)
return;
o] 212 Ccustom F& 27|88, A5l NULLE A%t ob_type& X Fsto], o2 WM E 223

718 zro = )&tk

Py_INCREF (&CustomType) ;

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

o] AL P& nE ygMy o 718Utk Custom FHAE TEF Y Custom A AEAE DEF IYES
ot

>>> import custom

>>> mycustom = custom.Custom()

oAl AEJUTH golgl= AL Wess AYUth Y9 TEE custom.cts o] Y1

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

£ setup.pyehe 3ol Y& o v <

$ python setup.py build

Ao A dgstE AH tEE o) 9tY custom.soS AR ok Utk sl tlE e gl & o] 5 3o 1}o]

AL A ZASHA A 2 — import custom%L 4= 9131 Custom AAZ & 4 A5 Yt}
2EA oAHA st 18R ez
%% EUH Custom -2 18] S0 F A 5 YT tlolE7F gl obF A = 517 k5 Uth A B ZeH A 24}

CegeUEs7) 95 £F disturils BES Ho] A5, AR ALg Azl A
4 €l setuptools o] B el 2| & A3 Aol EHUT o] A4S S aAFHE ol
A Fol A shol 4l 714 ALE AL A A A oA 2E % AU
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#define PY _SSIZE_ T CLEAN
#include <Python.h>
#include "structmember.h"

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

} CustomObject;

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

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

CustomObject *self;

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

self->first = PyUnicode_FromString("");

if (self->first == NULL) {

Py_DECREF (self);
return NULL;

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

3
return (PyObject *) self;

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

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

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

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

}

return 0O;

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

static PyObject *
Custom_name (CustomObject *self, PyObject *Py_UNUSED (ignored))
{
if (self->first == NULL) {
PyErr_SetString (PyExc_AttributeError, "first");
return NULL;
3
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, O0)
.tp_name = "custom2.Custom",
.tp_doc = PyDoc_STR("Custom objects"),
.tp_basicsize = sizeof (CustomObject),
.tp_itemsize = 0,
.tp_flags = Py_TPFLAGS_DEFAULT | Py_TPFLAGS_BASETYPE,
.tp_new = Custom_new,
.tp_init = (initproc) Custom_init,
.tp_dealloc = (destructor) Custom_dealloc,
.tp_members = Custom_members,
.tp_methods = Custom_methods,

bi

static PyModuleDef custommodule = {
PyModuleDef_ HEAD_INIT,
.m_name = "custom2",
.m_doc = "Example module that creates an extension type.",
.m_size = -1,

bi

(Th5 sTeTATol A1)
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PyMODINIT_FUNC
PyInit_custom?2 (void)
{
PyObject *m;
if (PyType_Ready (&CustomType) < 0)
return NULL;

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

Py_INCREF (&CustomType) ;

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

return m;

o] 282 5o A= AAH AEYHEE A st d AHS3te= AdE& Als gt
Custom @2 o)A C F£ZA| 9 first, last D number2] A 7} A d| o] ¥ o] E | RHET} JH5 U} firste} last
323 EECASFYYTH

5L o] 23 AL 238l Fho]l W B2 YU Th number o] E 8] H
O

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

} CustomObject;

ol Al el g vl o Bl 7k A7) wl o, A B3 @ s Alo) Bl B Aok T H 4
a4 oA =7k 2 2 o

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

o]+ tp_dealloc Wl thYE Yt}

.tp_dealloc = (destructor) Custom_dealloc,

o] AN EE WA F glo]H oERHES FX 34F AFYth Py_XDECREF () £ AXA7F NULL QI
S (tp_new7} Z7bel Asstd TS = AFUhE Sut=A fﬂrﬂf}fMD} O™ oS AA F
(Py_TYPE (self) & 741 ?ME}H tp_free WHE T &3}9] 249 uﬂ 3 Al ,Mu}. 2 A 3
o] CustomType ©] o}d 4= &l 19 314 , AA = B S 2] AE%A 2] 4= 91 7] wj =tk

Ed H
[-0

Z+31: CustomObject * QAA}E FH == Custom_deallocS A AR tp_dealloc T4 ZEH
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=PyObject * AAE WS Ao 7 7|th5}7] W&ol Y2 destructor29] WA A /AE7F & Q3
o a9 o, Astelol A Ak AT o] o] C2 S AR A% thd 4 gy e
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static PyObject *
Custom_new (PyTypeObject *type, PyObject *args, PyObject *kwds)
{

CustomObject *self;

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

self->first = PyUnicode_FromString("")

if (self->first == NULL) {

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

self->number = 0;

;
return (PyObject *) self;

}

23 7S tp_new WH o A g

.tp_new = Custom_new,

tp_new A8 7]= F9 A= (2713} tinlste]) st A A= Jurh ol dol A _new ()
HAE® =g Ut tp new W E FT B+ jlon, AR B FFFL 99 custom F 2 A
AR WA A A A PyType_GenericNew () & AAHE 779 FUth AF-2, tp_new A 2] 7] & AH-§-3}
o] first®} last oJEEHEENULLO] ofd 7| B o 2 27|31}

tp_newe WA 3 HE= JKAHE FHATF QA 2 3} 5|, Y= A] CustomType d 28 =
Utho ol &2 u AL & 01X]—7]-7‘<jljg_‘-ﬂtﬂ, TESo] A AR AE HIEE Ao 7 7]EH%1/]D]'
tp_new A 27 4 A A2k 7]745 Q1212 wlolS o] AUk, & AAE R AF T QA A s 27
(CO tp_initv FFolWe  init ) HIN=oA FAF HD}.

Z3: A ZE g7 AH & Aot tp_newsE HA| A O E tp_initE TE3HH - HYh

tp_new 72 tp_alloc €52 S &3] W Eg & U ch

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

w5 e] Fgo] AsHE 4 glol A, WA 3k7] Aol tp_alloc AF7HNULL ] b x| elshof Fitt

= T A

H3: 9¥E tp alloc £%¢ A4 294 49Uk 04 pyType Ready (
(124 22 object YUEH oI A G 3ko] o] 5 A& UITh B2 F& 712 BT AL AHgFTh

3 F Y tp_new(H o] 2T 9 tp_newb‘r_new_() £33 )E BEE G, A AT HA
= 2R EMEANETIY ST WA EE AA sl o1A] gotor Futh B olH S SE2TA F A
o7 ARSI, 149 tp_newE T H, EEhtype >tp_base->tp_news E3 TEZIHUA| L. o] 2 A
544 @O, CHE kol M 2] FUALE Lo of el ¥ B shol 4l A K Zeh 27k Sukz A FE A
%2 % BT (53], Typenrror & QX GO WA, o218 AN 2H29 A2HAE BEA 2T
FE deh)
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static int
Custom_init (CustomObject *self, PyObject *args, PyObject *kwds)
{
static char *kwlist[] = {"first", "last", "number", NULL};
PyObject *first = NULL, *last = NULL, *tmp;

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

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

}

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

}

return 0;

o] Z tp_init €X& AFYth

.tp_init = (initproc) Custom_init,

tp_init X2 FpolMoA _init_ () HIAZEE =g Utk AA7 s & 2758 o
AEH UL 27130 B4 A2 A ARG WopEolv) AT A 0 E ol2] Al 12 Bghalof
k.

tp_new A 8|72} &, tp_init 7} o}l TEH A &S & AFUTH (I F £°, pickle BEZ 7]
BEARoZ o 3F H A" A —init () E3EA GFUH. A W 5Ed o= dFYTh
FrU-E AAY __init_ () W EIET T AU oJH o]/ E, M AEFE S YT
&= 283 s oF gtk dl & So] first W E th3 Zol g & = A5tk

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

=
N

Ll
(g >
Norlrse

A w0l Z1e P FUCE £ FL first Wrle] B A ABEA gholA], RE F 72
ZUth first Ao A2 H T A REE ZE/APHEE 3= FA 27 IS 4
S A7 A O ZE 2L AT U2 A oA AA o DA AL A= A
AYPH=Z T 5 syt

AQ oy

o & —~

AH 54 0] 5|3 o] FHORE Sel A4S HEFT] A, Sele A Py B2 A4S Fo]
Aol Wl & chal B AT AA| o) BA) 3 eot= B2

S AL EEE e TR E )

- AR G AAGLE AASAE 91 GO LS thA] EHFAE FSL SIS

. B IA FAS ABHA G B9 tp_dealloc AN FE 058 FaA D W

HE5asyA g2 rIEgote A ¢ e FAUth
AgatA] 7] wl&el, o] el Al A £ tp_dealloc A2 71A o] A& AHEAF U T
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static PyMemberDef Custom_members|[] = {

{"first", T_OBJECT_EX, offsetof (CustomObject, first), O,
"first name"},

{"last", T_OBJECT_EX, offsetof (CustomObject, last), O,
"last name"},

{"number", T_INT, offsetof (CustomObject, number), O,
"custom number"},

{NULL} /* Sentinel */

bi

183 tp_members £X° A E dH5Uh

.tp_members = Custom_members,

OO

2, BA 2 EN TR F2E Yol YTk AT L obe)

o] o BAL oM o B HES BB 4 s AAY W2 AR PR AFEA FeThe
AQUth 0|23} 4L EALY A0 A AW, BE ol A E L 4 AL UTH ES o=
=

PREE AAT $ AdFUth C ZJAEHENULLE A FYTH NULL o] ofd Fte
AARE A EREES A WM ENUILE AT+ Y5 U
o5 A& oloj B AA o] 5oz EYsE Y WA Custom.name () & F Ttk

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);

Az Aok C Bz 7R .
9219} A= ARE A5 7
o) Bel e B8 fa

o] YA E & Custom (2= Custom A H FH ) AA2HAE A AA)
HAEE g AT AE A AA AXE AFgYUth HAA=E=E FF
Aol oA 7314 2FobH 914 A FEol U 1 AE AR 9
o A = 23 22 shol A v A = 9 5 g ok

_4

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

first 2} last WH 7} NULL Y 7 A2 EQlslofF ghol 523 Al L. AAE 4= 91 7] W) & d], ou)
NULLE A HUTh o8 o £ 2 el AN S B 5T o R HE 7S FADR AT Ao T
FoUTh b Aol A o & sk Wy S A u A% T
ul

ol Al A =E A RFUTh MAE Ao} WA S BE ook Fuith

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

}’
{NULL} /* Sentinel */

bi
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of

tlo

(£8] = METH_NOARGS Z e} 18 AL-23}o] WA &7} self 018 9] AAE 7)1 A] ¢SS VEFY
o841 A1 2)

J2]3 tp_methods €X° ¢}

’.tp_methods = Custom_methods, ‘

BE oA AL AL 3 g AA 9 Fol sl AL 5

upxjeto 2 2o P& AH FeAdY Hlolx FHAZ ARS T S )
] =
JP A Ze A Ze 1 Aol Py TPFLAGS_BASETYPE 5

flo o

’.tp_flags = Py_TPFLAGS_DEFAULT | Py_TPFLAGS_BASETYPE, ‘

PyInit_custom() & ©]&& PyInit_custom2 () & B} 11, PyModuleDef FZ A oA B E o] &S
7§ 218131, pyTypeObject F+RANA AR S o] 55 ATt

upA o 2, A BES WE Y] A3 setup.py HAL BAF U

from distutils.core import setup, Extension

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

1

2.2.3 H|0|E|{ {EZ|BEE ¢ MSIA A 0{3}7]

o] Ao X, custom A Ao A first & last O] EREZ AAE L 9}AS B A sHA Ao &)
olA WAL REAE, Ad2HA MG first & last S EAFE o] old o2 AAF AU AA G 5
5T o] ol Ee] RESe] 4 EA o] ZAHES B3 A5k,
#define PY_SSIZE_T CLEAN

#include <Python.h>
#include "structmember.h"

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

} CustomObject;

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

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

CustomObject *self;

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

self->first = PyUnicode_FromString("");

if (self->first == NULL) {

Py_DECREF (self);
return NULL;

~

(Th5 sTeTATol A1)
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self->last = PyUnicode_FromString("");
if (self->last == NULL) {
Py_DECREF (self);
return NULL;
}
self->number = 0;

3
return (PyObject *) self;

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

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

return -1;

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

}

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

}

return 0O;

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

bi

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

Py_INCREF (self->first);

return self->first;

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

return -1;

(T SoTA
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3

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

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

Py_INCREF (self->last);

return self->last;

static int
Custom_setlast (CustomObject *self, PyObject *value, wvoid *closure)
{
PyObject *tmp;
if (value == NULL) {
PyErr_SetString (PyExc_TypeError, "Cannot delete the last attribute");
return -1;
3
if (!PyUnicode_Check (value)) {
PyErr_SetString (PyExc_TypeError,
"The last attribute value must be a string");
return -1;
3
tmp = self->last;
Py_INCREF (value);
self->last = value;
Py_DECREF (tmp) ;
return O;

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

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

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

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

static PyTypeObject CustomType = {
PyVarObject_HEAD_INIT (NULL, O0)

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

(Th5 sTeTATol A1)
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.tp_itemsize = 0,
.tp_flags = Py_TPFLAGS_DEFAULT | Py_TPFLAGS_BASETYPE,
.tp_new = Custom_new,

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

.tp_methods = Custom_methods,
.tp_getset = Custom_getsetters,
i

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

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

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

Py_INCREF (&CustomType) ;

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

return m;

}
first 9 last o 22 HES B E3H 02 Aol5k7] 9131, A8 3 9] AE (getter) 9} A B (setter) T2
AU first o2 RES /M 01 A S G5t e B 2H U

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

Py_INCREF (self->first);

return self->first;

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

(Th= ST Aol A1)
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tmp = self->first;
Py_INCREF (value);
self->first = value;
Py_DECREF (tmp) ;
return 0;

A €] (getter) SFoll= Custom 2 A 2} “Z Z A (closure)” (void A E]) 7} A&H
FAFH UL (F2A = A9 dl o] 8 7} Al E (getter) &F Al E] (setter) £ X %51% 2
A& 59, ZEAY tol”H 7|Rtst] 7P LAY AAZ T oERRES AA = o
A E (setter) T J <= 7Hs oA FUth)

A E] (setter) ol = custom A A, A 2t 2 Z 2 A (closure) 7} AZF Ut A ZF2 NULL Y 4 9o,
o] AF AE ﬂ E 7} AHA F Yt M E (setter) ol A, $-8l= A EEFETZFAAE A A ghol AL 0]
°]"4@ o8& WA A Yth

PyGetSetDef 7£Z A9 v g WYt}

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

8|1 tp_getset €% S5 th

.tp_getset = Custom_getsetters,

PyGetSetDef FXA| 9] npx| 2 FF L fjo| A AF3H “S2A” JUth o] -7, S2AE AHEsHA &
OFA, NULL W A& o}

L3 o] H T o] ETFE e W F o E A AT

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

bi

EFEAIUN ALGHES tp_init A 27]E Al of Itk

Sl

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

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

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

(TH= Aol AT ol A1)

399 o)A first 9} last Aol 7k £ Aol eh A& AT GolH, HE A4
A 2ene dxdsg BolEduth AN EAAS GG HA 3} Ao] &
Selnd A2RAE BT AT o] AA 2 T TEH A ek RFT F YHUTh
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Py_DECREF (tmp) ;

}

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

}

return 0;

o213 M AL E3l], first & last W7t A NULLO] ol et FAIE 2= 9lojA], Ao BE 720

NULL & ZAAFE A AT F Ad5Uth o] A2 thF29 Py_XDECREF () £&°| Py_DECREF () S &=

HEE ¢ Q22 oudyrct o]HI TES HAL S Y= FY} FAEtp _dealloc FHo|A ],
9,1]\

tp_newol| A o] W 2] 27]3}7}F A& 7Hs A ©]

o
L3 ol A npAA =, 27]8} ol g 273 F4et BE o|F = HHELL, setup.py IO

3714918 27k,

Eﬁ

2.24 =8t JHH|X| &7 X|&517|

stol ol &2 857100 obd W= 2R AHE AP £ e <8 A £47] (GOTF %
Utk o] 212 AA| 7} &l FoiZd o dojd = 5 Uth o & Eof, th2& LHFAHA L

>>> 1 = []

>>> 1.append (1)

>>> del 1

o ol N, A4 EFshe HAES BEULh AAEE e Al 27} AsUn B2 A57}0
oz Wol A G UTh hAAE, shol RS 23 /M| A AT A €] A7} A UL el
a3 3l Al g o,

Custom | A19] F WA WAL, BE EF AAE first} last o EHEN AZE 5 Y%
YTk, ATk wa ok Al WA WA A, Custon AH Fe4 & 5 993, AE st gl
JEPREE 271+ AUtk o] F7HA ol f F ol A OB, Custon AA| & S8l FolT 5

Sl<ich

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

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

/\§PGC7} 2z =3k FoJ = Custo
SN FAERE ALY olel B £F

A2HAE ZutEA FA AL 7T = U=, Custom F 2

A shohs 908 B3 oF Fuink

rulo =

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

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

} CustomObject;

(Th5 sTeTATol AI%)

FEAD AaTAz ARE FLAE, AL 99 str B FHAE ADE 5 Yo A A F=
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static int
Custom_traverse (CustomObject *self,
{

Py_VISIT (self->first);

Py_VISIT (self->last);

return 0;

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

CustomObject *self;
self (CustomObject *)
if (self != NULL) {
self->first PyUnicode_FromString("");
if (self->first == NULL) {
Py_DECREF (self);
return NULL;

type—->tp_alloc (type,

}
self->last PyUnicode_FromString("");
if (self->last NULL) A

Py_DECREF (self);

return NULL;

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

static int
Custom_init (CustomObject *self,

{

PyObject *args,

visitproc visit,

void *argqg)

PyObject *kwds)

0);

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) ;
(Thg STl ATl AT%)
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}

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

}

return 0;

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

bi

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

Py_INCREF (self->first);

return self->first;

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

{
if (value == NULL) {

’ Ol

void *closure)

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

return -1;

}

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

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

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

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

Py_INCREF (self->last);

return self->last;

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

{
if (value == NULL) {

void *closure)

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

return -1;

}

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

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

return -1;

}
Py_INCREF (value);

(T SoTA
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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, 0)
.tp_name = "customé4.Custom",
.tp_doc = PyDoc_STR("Custom objects"),
.tp_basicsize = sizeof (CustomObject),
.tp_itemsize = 0,
.tp_flags = Py_TPFLAGS_DEFAULT | Py_TPFLAGS_BASETYPE | Py_TPFLAGS_HAVE_GC,
.tp_new = Custom_new,

.tp_init = (initproc) Custom_init,

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

.tp_methods = Custom_methods,
.tp_getset = Custom_getsetters,
bi

static PyModuleDef custommodule = {
PyModuleDef HEAD_INIT,

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

bi

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

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

(Th5 sTeTATol A1)
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Py_INCREF (&CustomType) ;

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

return m;

]

AA, G (traversal) W A =& =3 GC 7} =&of T AEAME AR sl & 5 JAEF Tk

b

Fod

N

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

return 0;

—

ol 1% 5 51k 2k A AR o] ol B WA Eo] AEHE visic () B4E E2 o} P,
Visit () Bt AS AR 2} A v A =) AR 27} A% arg AAFE AL 3 T T 00] obd AT
wkgks] of sk 7

Al

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

Py _VISIT(self->first);

Py _VISIT (self->last);

return 0;

F3: Py VISIT() & A3l tp_traverse FHONA AR} o] F-& visit T} arg 2 A 1A A A5 oF
g th
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static int
Custom_clear (CustomObject *self)
{
Py_CLEAR(self->first);
Py_CLEAR(self->last);
return 0O;

Py_CLEAR() IR AGof] FHAHA 2. Fx S5 So|WA do] o b0 oJERFES X|¢=
A= I kAT HH A UTh NULLE A A 317] Aol o] E]HE A Py_XDECREF () & 4l &&
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PyObject *tmp;

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

JAHE, o2 R ES A4 Y wf 4 Py_CLEAR () & A7) 7H R A1 ek AEUTh AnA L
o] g 5He A AL G 2 2 818 A £ 5] uhal A 2
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static void
Custom_dealloc (CustomObject *self)
{
PyObject_GC_UnTrack (self);
Custom_clear (self);
Py_TYPE (self)->tp_free ((PyObject *) self);

nx| 2t 0 2 py_ TPFLAGS_HAVE_GC Z#1E ZFeia Z 1o 271yt

.tp_flags = Py_TPFLAGS_DEFAULT | Py_TPFLAGS_BASETYPE | Py_TPFLAGS_HAVE_GC,
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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;

(Th5 sTeTATol A1)
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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 O;

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,
.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)

Py_DECREF (&SubListType) ;
Py_DECREF (m) ;
return NULL;

return m;

(T SoTA
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typedef struct {
PyListObject list;
int state;

} SubListObject;

Y AA S F8 Aol wo| A Y AA FE2A7F A WA gholojof Ttk AP UTh Hlo|AF -
ﬂﬂ?iﬂAMﬂEEﬂPWMexﬁmmoézﬂzww
g}o] W AA| 7} SubList 1/\E1/\?=_TELH PyObject * ZQlE]E=PyListObject *£} SubListObject

* REZ PR A" E 5 A5k

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;
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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_lbasicsize, tp_itemsize; /* For allocation */

/* Methods to implement standard operations */

destructor tp_dealloc;

Py_ssize_t tp_vectorcall offset;

getattrfunc tp_getattr;

setattrfunc tp_setattr;

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

reprfunc tp_repr;

/* Method suites for standard classes */

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

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

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

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

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

const char *tp_doc; /* Documentation string */

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

/* delete references to contained objects */
ingquiry 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 */

(THS ST Ao A1)
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struct PyMethodDef *tp_methods;

struct PyMemberDef *tp_members;

struct PyGetSetDef *tp_getset;

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

PyObject *tp_dict;

descrgetfunc tp_descr_get;

descrsetfunc tp_descr_set;

Py_ssize_t tp_dictoffset;

initproc tp_init;

allocfunc tp_alloc;

newfunc tp_new;

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

PyObject *tp_bases;

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

PyObject *tp_subclasses;

PyObject *tp_weaklist;

destructor tp_del;

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

destructor tp_finalize;
vectorcallfunc tp_vectorcall;
} PyTypeObiject;
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’const char *tp_name; /* For printing */
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’destructor tp_dealloc;
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static void
newdatatype_dealloc (newdatatypeobject *obj)
{
free (obj->obj_UnderlyingDatatypePtr);
Py_TYPE (obj)->tp_free ((PyObject *)obj);

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

static void
newdatatype_dealloc (newdatatypeobject *obj)
{

PyObject_GC_UnTrack (obj) ;

Py_CLEAR (obj->other_obj);

Py_TYPE (obj) —>tp_free ((PyObject *)obj);
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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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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 A g 7] str() ol gt Aola, Yo A dYsttp_ repr 8] 712} repr () 7+ Jrﬁﬂﬂ ze

FAA g Ut) = = golW FZETt AAY AAE XA str() & TEE o) EE%MD} T2 tp_repr
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static PyObject *
newdatatype_str (newdatatypeobject * obj)
{
return PyUnicode_FromFormat ("Stringified _newdatatype{{size:%d}}",
obj—->obj_UnderlyingDatatypePtr—->size);
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Python supports two pairs of attribute handlers; a type that supports attributes only needs to implement the functions
for one pair. The difference is that one pair takes the name of the attribute as a char*, while the other accepts a
PyObject *. Each type can use whichever pair makes more sense for the implementation’ s convenience.

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

S L. K/

getattrofunc tp_getattro; /* PyObject * version */

setattrofunc tp_setattro;

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

tp_methods 7} NULL©] o} ¥, PyMethodDef 2 A9 wjdZ =z sl of gt H ol &9 7+ FH2
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typedef struct PyMethodDef {

const char *ml_name; /* method name */

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

const char *ml_doc; /* docstring */

} PyMethodDef;

oA Ale= = 2 vl X =oll tisl shute] =55 Fof sl of Futy; wlo]agoll A F&5a v == &
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typedef struct PyMemberDef ({
const char *name;

int type;
int offset;
int flags;

const char *doc;
} PyMemberDef;

gl o] B 9] 7+ o EHOH HaaHde7 FAE L Fof] FrhE o] A" A F2ANA S F2S
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READONLY <7 syt

PY_AUDIT_READ | Emitan object.__getattr__ audit events before reading.

WA 3.100] A ¥ 73: RESTRICTED, READ_RESTRICTED and WRITE_RESTRICTED are deprecated. How-
ever, READ_RESTRICTED is an alias for PY_AUDIT_READ, so fields that specify either RESTRICTED or
READ_RESTRICTED will also raise an audit event.
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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.
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static PyObject *
newdatatype_getattr (newdatatypeobject *obj, char *name)
{
if (strcmp(name, "data") == 0)
{
return PylLong_FromLong (obj—->data);
}

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

return NULL;

'%.400s"",
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static int

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

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

2.3.4 24| H]|

richcmpfunc tp_richcompare;

tp_richcompare A 87| Hla7 2o u]l SEHYTh 1t ()2} 22 THEI ¥ yA=
3| Z3ly, PyObject_RichCompare () 2 PyObject_RichCompareBool () o QA= S&F YTt

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. Itshould compare the two objects with respect to the specified operator
and return Py_True or Py_False if the comparison is successful, Py_NotImplemented to indicate that
comparison is not implemented and the other object’ s comparison method should be tried, or NULL if an exception
was set.

Wit 28] 277 2o 2o tstE HolHP o tid AE A2 v 25 th

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

PyObject *result;

int ¢, sizel, size2;

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

sizel = objl->obj_UnderlyingDatatypePtr->size;
size2 = obj2->o0obj_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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78] olg He)7] Telof o] 2ok mE B 39, A mEEge Y AR s dua el
2oz RoFsych B4 m2 e 4% W9 A AR 27} S0 glon, SEo] EAeL
ez 26 7) S5 oF & Fehle Bel 2 W= ARG F U (Zel u = %% kol nuLLo] of
92 e A gUth Bl $%9 2AE GEHIES 248 5 A w, SF2 o8 A9 A
Fe % AU Th)

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

o] Bo AR =2, AB2 E= F AAY F5FFEE s8], CH PyNumberMethods,
PySequenceMethods & PyMapplngMethods 2 742 L FRAY F42E XUl o]
FEAE AT Gow AT AS ol 2ol AAYUIT) ol 42 WL objects H el 2ol A
o5 A7ke] Mg oS 2L 4+ AITh

l>_p

hashfunc tp_hash;

o120l 337 = AENTHY, o] P ol e G QT ol T SHA) A Wkl o i
o 7hehek o uith:

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;

o{v

Py_hash_t+ ZFo wet st Yn|9 35 d+= A5+ FYUth tp_hasho|A -1 33t
o 2] & FAIBHA, 918k 2ol Al Al4tell 532 off ¥H8HehA] ¢ o F 5 5 o) of P Th

ool g dadast 5 0 55U 8 So,0bi10] HlolH1 Y dxE 0w
o]l AT HE] objl ('hello') 7} E8E o] I oW tp_call A2 77 E&FH Yth

o G4t Al A AAE ATk

L. self= =2 A volE P9 A2 Ad YT T=0] objl('hello') ©|H, self+ objl Y
=3

2. args= T&0| 3 QXS £FelE FZ¢UTh PyArg_ParseTuple () & AFg8ko] 912}

i

T=

3 kwdse ARE AN Ao AV AU o] o] NULLo] b 79 = AAE AAsHH
PyArg_ParseTupleAndKeywords () & AF-&310] QRS S A L. 7|9 & QA& A AFHA
132 o 20| nULL] oP B, 71912 Q1417 A A% A] St vl A A% 8 Typesrror & w4
Al ZI A 2

F97ttp_call FAL 4 2HUTH

static PyObject *
newdatatype_call (newdatatypeobject *self, PyObject *args, PyObject *kwds)

(Th5 sTeTATol A1)
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(o] A sl o] A ol A AH)

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

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

}

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

return result;

/* Iterators */
getiterfunc tp_iter;
iternextfunc tp_iternext;

dE olHeE ol 22 EF AW ATt F A 27 BF QS| shute] wi) e, 25 =
AN2"EAE FHota A F2E whgh ). ol 27 B st |, o 9] & 4 % 8kal NULL & REEHs) of gy ot
_itert Fho] A _lter_<) WA =0 ]33}, tp_iternext = o] W next_ () WA EO]

BE o)E e 2 AL o) e o]e AAE MBS} i tp_iter /S TANF FUTh L
sholdl Zejzol= 485 = TE AP
e
o

Hﬂ

- o 7 59 BEAAE ¢ A= 2IA0H Bl 2ES} FE) 9] FF tp_iterE E2E

olE o] el & =
S ufj ukoh A o] B ] o] B} 7} gk o] 2] 31 WEghE o oF g T}
kol H a0 F 4 gl (WF 5+ AAA Y olej o] 4 R A O A AR & 2220
st 22 FRE NS tp_iterE AT 4 JHFUTH- WEbA tp_iternext A7 =
T oF Yt
BEEolHdY ol AA+= tp_iterttp iternext& EF T FUth o|HH o]HY tp_iter
X11’47l = olEj g ol E ol thet MR FRE HtEHsof Ut tp_iternext 8 7]& ol ¥ # o]
ok AR (k) ol th sk A} FRE vkEkaf oF gyt o] El #| Ol’q o] o =3}, tp_ iternext—
o Q] & A ASIA ¢ NULLS HH8SHA U NULLS HH36h= Ao §3l StopIterationS AAE 4
As 145}, 2l E 93t 5ol i FAE = dFUTh AA o H 7B, tp_iternext & B
o &) & A A8, NULL-S t&iﬁﬁ oF %‘\4 DP.

=50l F28 AM (714 S0 o B HelE BN A A ekw
A% 5 YT = sh= AU

weakref & ‘goﬂ EH?J’ A /“1-
A7k F5HA Z2B 5 oein, 3ol F A YL S5 of gk

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. Az 7L B0 AdM 25ty 3= YHE & 5 AT F, tp_weaklistoffset &
AWE C AN SN A B AN S
=z

TAH O, e B4 BEE AL AA FRAS FA5HE PR

32
to
[l
S,
|o
. HU
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typedef struct {

PyObject_HEAD

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

And the corresponding member in the statically declared type object:

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

L3 F7 AL F =7 NULL O] oYW tp_dealloc©] (PyObject_ClearWeakRefs () & T&3}
o) BE It FxE A 87tk A YUk

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 FI} H[¢t

A EelEH gl 54 WA= T =
1015 o158 1, C o h oA e ol HAe A B 1 A (A
e AAAAN . TR B4 2

AT FA Go] T4 Axd2AA FH3
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if (!PyObject_TypeCheck (some_object, &MyType)) A
PyErr_SetString(PyExc_TypeError, "arg #1 not a mything");
return NULL;

o ®17]:
CPython 22 Y| A5 L2314 A 2. https://www.python.org/downloads/source/
GitHub ¢] CPython Z 2 A €  CPython A2 A F &7} 7)¥kE] &= 3L, https://github.com/python/cpython

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

e
H

CPython®] C &73-2 27|13} 45 YR U&= FF ol By Ut (& £9], 2l52+ .so, =&
.pyd).

YEZE T4 gloddd, 3 gho] B ej2] 7} PYTHONPATHO] §lofoF 3tw, && o] 55 whe} 2 2 3k 7=
A o1& oo} Tk, distutils & AF-&3H, 21k 5+ o] Bo] AHE o2 AAH UL

2713 e e 22 A8 25 yth

PyObject *PyInit_modulename (void)

)

-

d

It returns either a fully initialized module, or a PyModuleDef instance. See initializing-modules for details.
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ASCIIZ g} o] o] 7] 01%% MR REY FS, d42 o] 28 PyInit_<modulename> o] o] of gt T}, o

714 <modulename>& 3}3H t}. multi-phase-initialization S AF-& & wfj ASCIIZ} o}

EE o]&o] &g Yt ] AL, 273} g4 yInitU_<modulename>©] ™ <modulename>
=

e er 17302} punycode AT P L2 AT H I sto] 5 BEZ thAI Yt sho] oA

ﬁ
Y {0,
o,
lll
o
mjdi

(]
al(f
rlo <
"U

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

ofg] 2715} A5 B stel & i gholB oA oy BES R QlGUTh 2, o5

QLE S W AR Y JA} A8 ) JZEE A oF FUTh R A O 3 o] Sof T3t
F4Ew A 7] W AU Th A4S S PEP 4899] 3 eho nefglof o o] BE” B2 FE A L.

2.4.1 distutils2 C2} C++ =&t HIE 57|
B 252 vho| M of] 23 distutils & ARg-3Fo] M= Y 9 7] 29 S
214 aﬂﬂﬁﬂkw&w—ﬂﬂ°“ﬂdﬂwkﬂ A3} 4 2 2} distutils 7} 2 2 34 = 5 U T

2= AUt distutils 7} v}-o]
A=

distutils 3] 7] ] o &= =gfo| ] AT HEQ setup.py
BB 73 4 9o o] A YU th

N

IS0 g5t o] AL BN w4 HA),

from distutils.core import setup, Extension

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

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

o] setup.py$ 3} demo.c 2 thS& A3 3sHd

python setup.py build

demo.cE AI}Y3L, build YA EH o demo gt 4 RES AT U AladH o wpeh, & 3
UL pbuild/lib.system 3} Ty AE o] E0]7}3, demo.so} demo.pyde} 22 o] &S 714 ¢
SUSES

setup.pyollA], B& A& setup & %i%']—oﬂ = Ut) o] AL t}orsl 7] 9 = 9 A}E Wl
duth 99 oAlelA= a‘ln:'—‘?}*P*"“?JWD} TAHOR, o] of = JJVV]% WEdl7] 93 WEe JEE
A2 A1 A9 S AYTIEL DA o2 74 ol s 2, E4, AR 1A 5
St
u}

L

e 27 REo| £ t}. distutils ] 7] 5ol of 8t 2} 3F W22 distutils-index 2] distutils A2 H A &
i e ol Ao A m e S Ao A% A7 O

TefolH ATHESE Y F FX 5]'3}7]'4'5H,S€tup()°1]q1§} Q2LE vl g A4ltsls o] dubA it
219] ool A, setup () 1’4] 5l ext_modules QA= &% ol YyAEMN, Zt REL Extensiond ¢l
'Y o] oo A, AAABEAE Y A 3+ demo. C%‘ At sto] W =B demo BHe E4S

B el g,

2 A9, B2 WE s A o BAFUh shkshd, 27b9 Ax e 7] A9t ehol nef el 7
22 5 97 WE YU Th ol obehel A ol A e,

)

from distutils.core import setup, Extension

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

(Th5 sTeTATol A1)
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(o] A sl o] A ol A AH)

include_dirs = ['/usr/local/include'],
libraries = ['tcl83'],
library_dirs = ['/usr/local/lib'],
sources = ['demo.c'])
setup (name = 'PackageName',
version = '1.0",
description = 'This is a demo package',
author = 'Martin v. Loewis',
author_email = 'martin@v.loewis.de',
url = 'https://docs.python.org/extending/building’,
long_description = '''
This is really just a demo package.
"'I
ext_modules = [modulel])

o Aol A, setup () & F7 vk Bu e FEs v, = 7108 A=k L) LIH Y 8
Aol el A, Axel7) e, A2TE e, ol = E! 3
A5k 2l o] w2, distutls = o] 4 E Thope 9 0 % AstAelo] AGF ). o] 2
e 28 AntY WHo R oo d 4 At

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

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

o] 2 oA 51 A Bt distutils AR A= distutils 7} -2 W2 A] & Shrhal Wojof gt

4] A 02 WEHH, o B AGFH= A A B0l ATk
A% 8L BE RES AX L 4L Ao 1, thee AWtk

’python setup.py install

BE P AL 22 074 E A F B Th Tejelw, o LA AR T

’python setup.py sdist

ufjof] whe, 71 LS A uf o) 23| o It o] 2FY -2 MANIFEST. in 3}4-& &3 =g Uth
ZLA BF Y &2 man1fest~ ﬁiﬁ}ﬁ‘j‘ Al

Arjz7 3R R JEsH, He A= vto| v g Ml 25 vHE 5 QU Th Sl whe, o] & S Sl
s ¥%8 5 '5]*4'— /\]'“Q—ﬂ—/? AsF YT

A

python setup.py bdist_rpm
python setup.py bdist_dumb
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AE oA, YEE sho]Hejel & 83 AL inport span ALESE AT WS Th ol AL 2
T o) Fo] M 2T 5 YT SAR, HES) BALE MEAL itk FUL0IA, 2ol Hel e g
HF35tE 22 from spam import *&F T Hl@UTH EE S HEAMES wE YT

2.5.3 DLLZ &M= AIZ517]

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

A=A DLLS TH& ], pythonxy.1lib& ¥ Al A& oF It F+ 7§ DLL, spam 3} (spam ©]
A= CHFTE AL nE LESHY, b Y2 AT 5 AdsUth

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

AR HH 2 A MY & WEYSESUT}: spam.ob], spam.dll ¥ spam.lib. Spam.dl1l-2 1}9]
A 34 (718 PyArg_ ParseTup e())E XFHA FA T pythonxy. lib Gitol] gto]d =& 3=
PHe g3 A5
T WA BE-& ni.dl1(Z28 3 .obj 9} .1ib) S TEAFYTE spam3} vho]H A T A g e
F5E 2 PUS 2T S
BEEAEAE 2 HOlEE WE WA= S5y tE ZE G 23 o] AEAE & + A 5t
2, void _declspec (dllexport) initspam(void) Y PyObject _declspec (dllexport)

*NiGetSpamData (void) X ¥ _declspec (dllexport) 2t A A& of gt}

Developer Studio+= 4] Zﬂi LodA e W A2 E ol g & A YA A8 5t ¢F 100KE
271 t) o) AS S A ASE W, 22 AE A )3} AAE Z3 ignore default libraries S A A 3H A .
ZHHE msvertxx. 1ibE ghol B 2] H5of F7lsa Al L.
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B3 o] 28 A-8-3h A Th o QE|s o] Ak
2P AR AT AQUT. o) AL Al

#define PY_SSIZE_T_ CLEAN
#include <Python.h>

int
main (int argc, char *argv[])
{
wchar_t *program = Py_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 () T Fto] At glel B 2o tf3t 25 A Z el A &l 7] 93
Py_Initialize() El’/]— HA ZEFojoFPgUTh 5o &2 ?lE%EI’JEﬁ——Py_Initialize 0
2 2735 1, $A% AL Ao e 7 Seco AR 2w e
Py FinalizeEx () £Zo] JEHZZEHE £E3t1 22 7o) T dth /“Zﬂ Z 2 WAL= T}o)
AR OE 22 (obhE B4 W7] 28, 52 Fi ool 8o 2) o A] /A& 4 YTk
stdo A sto| M T EE A= A PyRun SimpleFile () &S A2sd o &g 4= =4, B 2 g
$08 9P Hd R 2ot WAL dolE U

>
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FolaloF Tt oA ol A =0l F B L FA = o] W3] FEFUTH ol A2 RA ¥, T Mol 4 C
29 g TEF A Z S A AN LA L

L dlo]E gt shol Aol A C2 WHs) 1,

[e]

1. dlo]E gk CollA] Sto]H o2 wtstal,
2. WA gk AH§ 3ol ol Al AElslo) 2 2R 0 B4
3. A3 S04 e HolH g C Y
HAThA 9, o o] E] W2k @A 7} Q1o 2F W o] thE Wks 58-317] S5

) wd wag U 499
Aol E dole] W ek o] T FHAULG FFT e C FEE T2, JFT )t sHol A
2dg 523
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o] Fol A& stol oA C= Hlo]H & H&ste= ¥} I vt 2 o]
= ©|

A oA FEYTh ER, F20 LuHE ALS I o 2] B ThRE A2 o)
0L Az HE SYSHE A% rhEA FOBE, oA Fo A DLW PR E F2T 5 AFUTh

AR Z2 Y shold A E i FHE APSHE AL BRE Futh WS 142 AL
o] 2x0] 3tk Aol A gh7kol, shol W QI el e of el o A AW AE A-83kA FEITHEA R
the Aol A W Ao

ol d ~APENA Aol R P48 AWl TEEL LT 2T

#define PY_SSIZE_T_ CLEAN
#include <Python.h>

int

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

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

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

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

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

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

if (pFunc && PyCallable_Check (pFunc)) {
pArgs = PyTuple_New(argc - 3);
for (i = 0; 1 < argc - 3; ++1i) A
pValue = Pylong_FromLong(atoi (argv[i + 31));
if (!pvalue) {
Py_DECREF (pArgs) ;
Py_DECREF (pModule) ;
fprintf (stderr, "Cannot convert argument\n")
return 1;
3
/* pValue reference stolen here: */
PyTuple_SetItem(pArgs, i, pValue);
I3
pValue = PyObject_CallObject (pFunc, pArgs);
Py_DECREF (pArgs) ;
if (pValue != NULL) {
printf ("Result of call: %1d\n", PyLong_AsLong (pValue));
Py_DECREF (pValue) ;
I3
else {
Py_DECREF (pFunc) ;
Py_DECREF (pModule) ;
PyErr_Print ();

(Th5 sTeTATol A1)
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(o] A sl o] A ol A AH)

fprintf (stderr,"Call failed\n")
return 1;

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

}

return O;
}
o) A== argv[1] EAHE S Tto| W AT HEE EESA, argv (2] oA BB EH S S EFUTH
AT AA = argv Bl Y H2 3 E 1= U E Ad adS

Ej% %4m4ﬁﬂ2&
EE 4

2] d A | =
callo|ztal BFAIL, a3 22 ol 239 3 5t= o] AL 3 Th:

def multiply(a,b):

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

c=c+b

return c

TeW A3 the 3} 2otel Ttk

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

m2 el /) Rrh AEs 2 Aol A w thiE T st A C Abo o] o B WE ofe] M S
e AU stolal 33} HAE T2 BEe LA A2

J
SE
it}
010{1
=)

Py_Initialize();

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

—

SEZEHE 27|33 &, AT P EEPyImport_Import () & AFE3lo] L =H U T o] &
glol W 2L S @ F3t=t], PyUnicode_FromString () tﬂ o] B W3 2818 A}_Sto]

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

if (pFunc && PyCallable_Check (pFunc)) {

t
Py_XDECREF (pFunc) ;

AR ~IHETF 2B, 927} 21 gl o] ©] PyObject _ GetAttrStrmgo%A}%—‘}o% AN
yrth. o] 5o EA1ta, wEE AA 7 Eold, 270 Tty A A HEE 4 sk 1™
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e ZEIYL AR RELS AW PP ow PYF] APtk T T Tl A T4 EEL

o] @A o] %ol th:

pValue = PyObject_CallObject (pFunc, pArgs);

EE i

3.1.4 LHEE mo|ME &Esl7|

AZ7A WA shold QB el el o EelA ol d A o) 71 %5ol A2 5 YU Th shol 4 API
£ AR SIS E AT A o) A% HEPUT 5 48 defxelei g8 zeadels
Agshe £e oz SgEth BaetA oA, 187 A s gSUh A4 $§ Z2 1ol
sholdl QB ZelElE A etk A2 dojMeld e o4, 98 TR IRe AN FHY AP
D5eh, vk hol A SAE A4S AN ol Aol A NG FHo AN AT 4 S AP TES
AN L. ol 5 BH:

static int numargs=0;

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

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

i

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

bi

static PyObject*
PyInit_emb (void)

return PyModule_Create (&EmbModule) ;

o

EEmain() T vFR fofl 4 AAA L. =3 Py_Initialize() ol St & & Aol b2 F
A

LEREE

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

o] F &2 numargs M-S 278313, emb . numargs () & WEH dho] A JAE|Z 2B 7 A 2T
T AEF UEYTh ol S 8, gtol M ATHEE A 22 AYS AT 5 AF UL

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

AR G¢ 22 A, o] P ¢ =2 APIE o] o] = Frh
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3.1.5 C++ 2 IlO|M LHZESI7|

o] 21 Cer 22 2910 A3HE AT A5 o Aol o197 4] £ A A48 O A 24
AR AGe] G EUTH DNHO T Cor2 M9 =2 T AL A5, Crv Ao AH S AHE o]
2298 A5 e BT of S Th Crr & AHEalo] shol 8 A4 S thAl Aot Bt fievch

3.1.6 A A AlABINM Hural 23517
oM Az HE & 222 WAstr] Aol Aapde (g FA) ol Aded S5 e Aol &
siAl = syt 531, 53] o] o] Ao Al H=2HE C 54 ;%*(.so d)er FHH golH Y
gl 55 2E5)oF87] W dyth
o3t Andee HA ZYLE oy, X Ao 422 A H pythonX. Y-config AT HE
£ QBT 5 A% pychons-config ATUEL AL 5B 5 dgith. of 23720l ol
2ol gloml, thaw 22 A S o e 2ol 44 &8 AUk

e pythonX.Y-config —-cflagst AL duje] AR ZHIE AlFTYh

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

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

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

0 o] shol 4 A kel (53] Ald shol At of el o] 44 A3k AT shol A hel) £ 3] 3t
,$19] o9} o] pythonX. y-config®] AT} 4= ALg3he Ze] E&ITh

(o

o] @ﬂﬂﬂfﬂ%%%éﬂ& 7 Srevd (2
FUth sA Y W2 RuE sy, 54 3 °ﬂ

rIn
J .IL
A
e
@, it
Py
ltd
2
>
L)

[e] fu
Makeflle_»‘r(j_—AZ]E zto 3 sysconfig. g et_makefile_filename () & A&SHUAI L) A9l
£98 92kl oF Uk ol syscontig REE Sl ol AWl e P4 g zeaAY WA o2

FEsted FET =FdUH dE =

>>> import sysconfig

>>> sysconfig.get_config _var ('LIBS')
—lpthread -1dl1 -lutil’

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

0271 ZE BF ZEE YT, HS o] FE FEA(ZE, HEE, 22 ol
FEE AHT o, bz olE A 5] thely Ao 7] & vfo] M ZEZE.

2to3 F}o|M 2x TEZ Flo] A 3. 2
EE JANA ZATE = = dFEY S vyt
2to3 & £ gtol By oA 1ib2to3 B AlFPULH SHEHZ AYT £ = 2THEE
Tools/scripts/2to3 & A& F Ut} 2to3-reference & X A K.

abstract base class (A} Hj| o] A Z &) FAH|o|A E8|AEhasattr () T2 E HaYEo] £33}
A uBaA Z5H (& €0, A WA E) A, AdEF o] AE AYst= FH S ATToE2HN
9 Ero]E S HA3Uth ABCE 7HE A B ZH A8 EYdtetl, FHAE AlSsHA FowA
% isinstance () £ issubclass () o Y3l ZAE 5 = FHE2EYUTH abe BE A A
£ HAS. stoldle= B2 WHABC E¢] wete=d tha3 22 250 dFUth A5 2
(collections.abc EEA]), A (humbers BEEA]), 2EE (1o EEA]), YT E 3}l 2}
2 (importlib.abc REA]). abc EES AFL3] A AHAIUFY] ABCE WS 45 95Ut

annotation (o] ’=¥|o] ) &0l wef &) SIE 2 ARGH = W, S JERE B g v
U ks 7 A A E ol &Yyt
A1 A9 o] mH o] A2 A S A Zhol] AMATE S QAR A HE, Fefas S E

b =
HolAL2 27 &, 32, 42 __annotations__ S o]ER|HE AZF Utk

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 (Q12}) -2 T2 0 g (B MM E) 2 ABH = & F 79 dA7 d5Uth

« 7199= AR} (keyword argument): S5+ T5 wff A AF7} SFoll 22 AR} (] & 01, name=) =
xx Zokol 29 92 ALE & A & o, thg % 22 complex ()
5% BT 719 AR Y Ytk

=

o

complex (real=3, imag=>5)
complex (**{'real': 3, 'imag': 5})
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o A A AR} (positional argument): 7| ¥ E A A7} o} d QAL
U A ol B2 & 9 el * & 2o AT 5 sy Th
5= 2F A ARG YT

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

Ak ol el AR5 = 1 F Sl el A< calls

AA b= T vir] 9] o] 5 B2 Ao Hol of
3 Pl

g wA2. BYHOE, ol A0 AR ALE 5 A5Uth o1 grol Ao WMol
==
Loj A9 v 7 ¥l 2T FAQ A2 QA A9} v 7] W4 2] x}bo] 2} PEP 3625 H A S

asynchronous context manager (V] = 7] ZE A€ #A2]2}) _ aenter_ () &_ aexit_ () HAEEH

) ™
o8t 2 M async with Bo|A Hol& 878 Alo)she A4 PEP 4922 = Y5 5 Ut
asynchronous generator (¥]5-7] AU #o|¥]) v|-5 7] Al o] E o] ol & EHF+

def 2 B+ A 7Y T HoleH, async for F27F AT 5 &= 49 == 7

Esvyield&d s 2¢edth= Aol etk

HE ulE7] Avdele &4 771 A% oW WA= vlE 7] AlYdolE olE e olE &

Zhe) A Uth o =8k Y7t B EebA] g2 B9, AT S E NN RE TS fiUTh

v 5 7] Al dlolE &4+= await EAA async for 3} asyne with ¥ 238 4+ I5

[Sh=

asynchronous generator iterator (H]% 7] AU & o] €] o]e]do]€]) H]E 7] Al d o] g &7} dte

HlE 7] ol Elelo]H AHl _anext_ () & TS ofdlolHE AAE EHF L, o] A2 U+
yield &4 7hA] v]5 7] Al el ol 8 g2 vt & A3 g

o M

Zhyieldw YAIA S E A& T, 2 AAY (RF ATER 7] S uy-EE= TFHe)
A AHE 71 9F Yk b5 7] A ol g olE# olH 7} __anext_ () 7t 2 F+ X 3t
olglolHERE AN H, Wt o7 Bt} PEP 4922} PEP 5255 H A 2.

asynchronous iterable (8] 5 7] o8] 2] &) async for EoA A2 4 = AA. _ aiter_ () A
=57 olH o H & EHF oF Futh PEP 492 & =95 g5 U T

asynchronous iterator (¥] £ 7] o]g]#|o]€]) _ aiter_ () & __anext_ () HIAE=E 3= AA.
__anext__ = o olHE AAE E8FoF Tt} async forE StopAsyncIteration o9
7} A w742 b5 7] olE o] Bl 9] __anext_ () HIAEZF EHFE oflolHES FUTH
PEP 4922 %915 941 o).

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

It is possible to give an object an attribute whose name is not an identifier as defined by identifiers, for example
using setattr (), if the object allows it. Such an attribute will not be accessible using a dotted expression,
and would instead need to be retrieved with getattr ().

awaitable (S]] &) await EH A AET 4 = AA|. ZFH o]} __await_ () FINEE 7HA
AR 7L E 2 Q1) PEP 4922 B A Q.

BDFL A}8] 22 £ 41 = 2] A} (Benevolent Dictator For Life), < Guido van Rossum, 3} o] % 2] ZA] =},

binary file (8}olul 2] hed) vho] =5 24 52 91 & 5 A 52 24, vholvie] 7] o 4= vhol
HE E= ("rb', 'wb' X 'rb+') 2 €8 3}Y, sys.stdin.buffer, sys.stdout .buffer,
io.BytesIO @ gzip.GzipFile & QAA2EHAE & 4 5 Yh

str AAE QI % 4 A Y AA ) HAN & G2 5 = FE5A 8,

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

bytes-like object (B} o] E 5 A A)]) bufferobjects S A P31 C-A< HHE 2T E & 4 dHYtTh
2] F% memoryview AAEL EE0]1 bytes, bytearray, array.array AAEL
th vlol EL { A 52 vtol v ] Hl o] H & thF & of 2] 7HA] A4kl AHEE 5
Wl st e A7, £ S B8 A% 2o Aol A&
A AAEL ko2l HolEt AW AL LR} Auieh o] d Aol ARAL EF 591
27l vpol EAF{ AR et A FYTE 7HA W H A Y o £+ bytearray $Fbytearray 9
nemoryview 7} 5 th OFE AAEL wpolviel Hlo|El 7 £ A7 (“9)7] A& hoE AT
AA) Nl AFHA =S 7T ol A5 o Z+ bytes$ bytes AR Y memoryview 7h
AESIES

bytecode (H}o]|E T &) vlo|W 22 FT=1Hlo|E F =7 75} YE =1, CPython ¢l E] & 2] E] o] A] 5}o] A
ZRIH YR 2HJUTE Hlo|E I =+ .pyc 3t A FHof, 2L LS F AR AW of
o EepA] A TR U TH (A 2o vl E I ER O AH LS FT 5 AFUTH. o] “F3F Aol =
Z-utol E I T o th gk 71 AE Aot M 717 ol A Ay E ki B th blolE I ==
A &2 ohE Ttol A ZHE 71 Al el A A A2 7t ek A =, ho] A w2 Thol| QFA A o] A = otk
Zlol & 35) oF .

Hlo|E 2= Welolse] 25 dis RE APA G YU

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

callable (argumentl, argument2, ...)

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

callback (Z1) AAZ HALH = v oj= Al G A AP A B FH =,
dass (FH2) AEAL A2 AAse 7] AR FH. 2R A= HE 2
2 dAztete viAE FosS 2t YTh

220f| A 2

=
class variable (Z2] A~ W) =)

|4 Aol 1 ZEs 2 (5, FH 2 Aad 2o A7) ok e} o

A A= WS

coercion (Z o] 4) 22 o] F AAE st Aato] dojub= S S Fo A2rHAEHEFPO R
SAH g Meets A o€ S0, int (3.15) £ AFE A 302 WS shA|uh 344.5
oA, Z A= thE @ o] AL (b int, THE S float), &< T 3H7] Mol 22 3 o= W Es| of
Futh 28 A koW TypeErrorg 4o Uth oA glol+, T8H = JEXAE 220
M7E 2 P o At Fol ok FuTh o & o, 11 3+4.5 3= Al float (3) +4.5

complex number (544) 53 A4 AlAF ] A, BRE A7 A4 R sjafo or Y
AUt R E Ao &5 DA (1 AFDE F AU, TF TN 18, FTolA =
T2 B71F Utk stol M T BIVHE 28 BAFE 7[R AP A FEE § FuAE
BoA 27)1FUTH A& 9], 3+15. math BES] BA4 MHo] Q3 H, cmath g AHS Y Th
EA25 &R H F 2254 7 dUnh 2ot w71 A XS, A FA s FA
e EFUTH

context manager (AEAE #2|A) __enter_ () & __exit_ () MINEE YT 22 M with &
A Hole 374 L Alojet= A PEP 34320 2 T 95 95 Yth

context variable (AR A E W) A¥AEd w2 S 713 4= = W, o= Z4 Ay 2~ =7}
Ao tisf o2 7S M = e 2 E-2E AFad v Uch 2y, AYAE BSE
T, st A Ao oY AYAETL QS Folow AYAE Ao £ 5 FAA

= AJUTh contextvarsE FRIAHA L.

I

H|Z 7] gl A M2 248

contiguous (<) ¥y = &3] C
gt o AAYL G v HE C-ALoHA 2ES A5 YUt A w Dol A, 3
A ZO A3k, 001 A Al &els LEAFE AP 29 A TR W B 2o v X5 of of 3hu o} thA}d
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C-QA% W ol A, T m 2] F 40 AR FEES HES u) kAo el a7 g e Wk o
A, EE S A% Dol A, 3 A Qe 2t by e A g

22l ¢ gutstdE el dyth A2 FHL 3 A" A I Ysta o=
AZo A g2yt IFEL I g2 A ZoA AYstar, &3k, ANE 5 A5y o] A

S8 async def 202 33T 4 95Ut PEP 4928 H AL
coroutine function (T F¢ ¢+4) T8 AA & ST 5. TFH g4+ async def 722 F 9
H 4 93, await 2 async forQtasync with 7|9 =S £33 4 &5 U th o] AE L PEP

s w} g0} “CPython” o] AL£-3 U] o
decorator (| Z#|o]¥]) T} & F+E = g, 25 @urapper S AMSSH g HE o R
ALFAYth v ZH o) £3F o= classmethod () I staticmethod () YT}

s ol e B BA A B Y YU TS F T4 A E v oz TSPk

def f (arqg):

staticmethod (f)

£

@staticmethod
def f (arg):

descriptor (] HE]) WA= __get_ () oJy}_set_ () o]y __delete_ () & H3I+= A
ZH 2 oEREMHaagdHd ul, o EYRE 23| &= S A2 FES dofyn B,
abE JAY, 2AU, AA e AR, 0] Sl YA b AL o] 5 B9 AAE
Utk AN b7 gaagEHE, sigels tdaa gy WAE 7 sE29 Utk A3 gHE
ol&f| 5= AL stol Mol tf &+ AL o]af| o] A, T, HIAE, Z2HE, FH A wAE, 28 E
YA, ¢35 Fea ZR 52 B 7|59 72E o7 Y7 Wl E I YTk

t2aHe o =S of 3t 24| 3F W &2 descriptors U T] 2 3 E] AF&H oFU A o] Y31 T}

dictionary (54 2]) 429 71E gholl tdl-3A1 7]+ A& vl & (associative array). 7]+= __hash__ () <}
_eq () MINEEZERE QA E 5 AdFUh BolA siA g RE YT

dictionary comprehension (5] A U2] A =23l A) ol Eof = 24 AAY X E Aty 23S
g U el & vddslE 7FA38 W, results = {n: n ** 2 for n in range(10)}<
fhn xx 20 Migd 7] ng 23t 9 U2 E 44 FU T comprehensions & FZ25HAAl 2.

dictionary view (5 A 2] H) dict.keys(),dict.values(),dict.items () WA E7}I E8F+= 2
AES Y9AYe Fetr RE5Uth o] 252 gAY 50 gt 54 A {F& AlFst=dl, 9A
Qelsh WA 0, 37 o WahE M arke EUD. AU HE B A2t e
list (dictview) & AF&3H H Ul dict-views S H A 2.

docstring (5 AE5) 22, 54, BEolA 3 94 EAA 02 Y 24 E D, A9 =7} A4
2 o= FAIE AR Aot ol o 1A FH o] R ZE s, T, BES __doc_ JEIRHEER
AR A= AMAL Fo) 8T 5 Aon g, AA] AWAE AT FUAL FL I

duck-typing (Y] €}0]g) ZulE AHH o)A E MR =R Adetc AAY B BA e 22T
28 Al s HAE U o EYREVF SESH AU AR EUTH(“LE A H Kol Qe A Y
AAYTH, 242 22th”) 545 iAol AHF o] AE FRFo RN, Z HAAH T =+ THY

9A 2SS T o 2N FALS MAE 5 A5 UTh 9 EFo] B2 type () ©] Ut isinstance ()
A )

pul

i
d

>,

]

ek

l
Z_'

2 33 AAE S FUTh (AR, © Bhol B o] T4 w0~ o)~ 2 B 5 o] fol 3ok
FUth) thALOl, hasattr () AA EAFP 22 12 9S ST

EAFP 35]2tR t}= 845 12317 7} | o} (Easier to ask for forgiveness than permission). ©] £3] 2 4~ &
shol M 3% AEF 2, SWHE A} ol B2 RES] E2AE /A5, 1 /4ol Bl o9l e
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Utk o] 2T w2 A AL W try 9 except £ EA R EAA AT o B2
o} 28 T} We o] ol A AZ AL H = LAYL 2B} o E Ut}

19
rlo

expression (£ 4])) oW gto 2 Faid 4 Qe AL 27 th2 U2 WA, 2342 2lHE,
o], o EBRE WA A, A4t F4EF L S EEF = HE 8455 Fob 28 AUt
o] 7AESol 24U A2 obd Ut while A H, T4

e W2 dojstixAor BE
o7 AR

PN

extension module (8% 2 &
FE AT 2

f-string (f-F2}g) '£' L} 'F' S o] 2 ExY
Exd g E o a3t PEP 498 2 H A Q.

file object (3121 AA) 5 Ao thal 544 A A API(read () Uurite () 22 WASE)E =ejy
A, wE ol Wl e o AL A o 40 o]} U AF B A T 2
(12 Sof, % 423, A-W 22 W, £4, sl =, 55) o he AH 2 S FAL 5 dF Uk

Y AR = 5L F AA (file-like objects) L 22E F (streams) ©]| 2t = & T}

AAZE A F72l 9t 7“?4] =9l O‘AHD} ur(raW) HPOl U2 JPO‘ ‘ﬂ«ﬂ (buffered) HPO] U ﬂ o,

file-like object (3} 7 AA) 1L AA| o] w3 L

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

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

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

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

See also the locale encoding.
finder (3}QIt]) JxEL RES AT 2H & AL A =8k A A

oy
vlo] M 3.3. o]& 7, F 259 o7} &5 YT sys.meta_path & A AFR = W EF A =2
Q1 2} sys.path_hooks 3 @A AHEst= 4 =2 A E 2] 5kl H.

U

o} A}A| 8 U2 PEP 302, PEP 420, PEP 451 o] -8t}

>1>4'

ﬂoordivision B IR 7 77k A2 WEshe 848 A, A5 uxsA daxts /7 o
& o], 24 11 // 49 227t HA L A AL 2.758 S8k (-11) // 4
7t-2.758 g & -30] Dol 2l 3)oF Ttk PEP 238€ ®A 2.

function (3<) TE XA oJH S B F+= 48 EFE. QLAY 2 o)A QA 7t AEE £ A&
g, vlr] o] Aggo] AbgE 4= 5tk vl 7 s @ v A = 2} function A A= H A Q.

function annotation (gt o] - H| o] A) Sk wf 7) H ) Wk 7he] of e o] Al

g ool dvtA oz 3 S E 2 AMSFEYTh: o & 50, o] T4+ F /Y int ARAE
o5 Aoz 7us 1, SAo] int B HE E Aoz 7oE T

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

S o mH| o] A 22 function ol A A ™ T

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

_ future__ A future statement, from __ future__ import <feature>, directs the compiler to compile
the current module using syntax or semantics that will become standard in a future release of Python. The

7


https://www.python.org/dev/peps/pep-0498
https://www.python.org/dev/peps/pep-0302
https://www.python.org/dev/peps/pep-0420
https://www.python.org/dev/peps/pep-0451
https://www.python.org/dev/peps/pep-0238
https://www.python.org/dev/peps/pep-0484

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

__ 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)

garbagecollectlon (7}B]x] 27)) o AL 2] i v 2EE uhdsls Ax) slol WL Hz 3 2
B2 S PANILBE S 9 £8 A $21718 53 7HIA 718 SR I A
Tﬂ7]LgcJ_§§ A3 A A o] 8 2= 95Ut}

generator (AU @ o)E]) AU dolE o]E g o & B s gt dulahax]8 Hol=g), dd9 s
& UEL yield A4S TPATE Fol BhEUTh o] FEL for- FLZ A A} next ()
ez & Wol s 7Y 5 A5yt

o @ F o A= A d ol ¥ o EE o & b A th o=

HE AU o E 58 el A
ah ol vl 7} B e A) ke 7

generator iterator (A ] @) o] €] o]e]go]¥]) A| ¥ o] &7} Hle
Ztyielde SAIA R A2lE T35kl T X9 (A9 ¥
A A3 AR E 71Ut Aval ol g ol g o] ¥ 7} A7 |,
A= A Zhe gH4oh o) E U Th.
generator expression (A& o]e] T8 2]) o]l do
for AT} A 15Tk o] Hlol B AN EAA AP HYUTE AR DA

A3 BES PEo Utk

E
i
il
v
N
rlr
Bl
r U
1>
S
[kl
rE
>
1o
rlo 4
o

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

generic function (AU 84) 72 A2 M2 T2 S0 s LA o] S 1A T8 55
A]

o) o} R0l AEE A o2
A=t~ x] 8o 23 functools.singledispatch () Bl Zd o] E| 2} PEP 443% E A 8.

generic type (AU] 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 A9 ez eH 5 & HA Q.

global interpreter lock (< QElZ ] &) 3 Ao @ A 3}1}o] A8 7} 5o ] Hlo|E 7 & & A3}
55 BAsE7] 98 CPython 1 H Z 2 7} ’\}35}“ HAUE. (dict} 2 F3FWRIES =
31'5} ) AA Bdo] BA A O & FA| AM| 2o tfsf b "5]'5—3 TS 0] A CPyt ?‘?ﬂ% sl
Ut JIEZEH AAE A2 AL Az HE s g =567 44 BEE U4, o

=2 AN AAZ AT B4 B S8 A Th

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

doing I/0O.

(A o oA 3}7—]] FE HolEE ZaLy) “AH = A2 2 (free- threaded)” SlHzZZHE BET
b3t H A = %"é:o'—’guo]xl Zed, T FY Z2AA B s A7 A dE Y
Ut o] A5 ol FEot= A2 782 22 E3H B 01/‘1 TI‘Z] H|&o] § Eo]Z 2o =

SEEERENLY
hash-based pyc (34 714 py) 549 B3] 919 ST &2 5hAe) HF 57 Azke] obd A E

A1&-51= vlo]lE T & 7fA] 9} Y. pyc-invalidation S ZZHA] Q.
hashable (3] 2] 7}'5) AA|7F A 2 gro] WekA] @b+ dAIgh= 23 (__hash__ () WIAN=7F 28

el e A T S 0w [ eq O WA B G, A oS e
2o v wE s Al 7bs 8 AR S oAl @S Zolok gtk
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A 7ML AAE 9 EY 71U JAEY W Z AR E 5 I A Sk, o] AR FRE9
YA o2 A g2 AFR-317] Wl & Yyt

25 sloj W o] B U AR 52 3 A POEHD} BFE2EUgAye 22) 7PE AH oY &2
a8 g5yt (72 ]Urfrozenset o) B AgolE2 159 2450 3| 7t vk

4] b ek A8 Aol g2 ovw AA S NBA o= o)A A5 (7]
A& A9l ekals) B th2 kil v aE AL, sfAI g2 1d () 2 FE el Yyt

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

immutable () 144 S 2= AA. B9 A= 2 4G, FES 23U od AA =2
HAE = esUth A &S XV*H}F#U* *H AAE s oF Utk W3R ok A gEe] lofok
3 XA T 9ES YL o9& o], gAY Y 7).

import path (YZE Z2) 4= 7|ut 3ot 7l dxE T RES 27 98] A= FaE (EE AR
AEDZ) Y HF JZE = 5 ol FAEY HELS B F sys.path 2HE FULL SIA T A

71219 7

)= .
- HE 7R path oEFRERRE S FE IFUTH
importing (Y £¥) I+ 2 &

o spolW =V} TE BEO| Fo| A T oA AMEE § I EE S FAL

importer (Y E]) RES 37| % 3tal & 317 % k= AA; F Al oA} &

interactive (0] 3}3]) sto| W2 15138 A ZFEE 2t 9=, =g =8
ﬂ%?&iﬂf\%—?%}i,éﬁéﬁé‘%ﬁﬂ%%—?%ﬂ}%i—“‘ﬁqﬂr 12t glo] @A pythong A
A2 (5 E 9 5 6l 7 o ). Al okoltiol g A A A w
H 71 A& Sol vk = w9 3 U (he

interpreted (QJE]Z2JE]E) Hlo|E F &=
o Aol ol e =

/\/\ _l]_ol o z];g /\laﬂﬂ

=

X
2
)
o
rlr
pa)
bt
N
ofr
ok
4
30,
fy
v
:L

A =
ZEE doj& B Ao AR g2 /i 7 £71 & ZFUTh ti3ls = HAlS
interpreter shutdown (°1E-] 2E] £8) FE3EE 23S 3o, Jo|H AHZHE SEH A 7]
AYdet=dl, gl o8 714 %Pﬂi WH T2EH] 22 RE T AYES HAFoZ 0
%?JH o} EE“* 7H A A7 E AY W EEdUh AR A A 9] 5k At weakref Z i of] Q1=
T AP AFIAZ & AFUTE T8 A7 A AYTH = ZE= dFT oo T T
Aedl, 27 0] o Esh= Aol B 715eHA ¢ g 7 WlE AU TH (E3 o= gho] B e g
BEolv A FAEYYrh
AHZ P F5Y FH AA2 AHAYFHE__main_ BEOIUAITHEMAF S ZWE AdUth
iterable (¢]E]2] &) W& 3 Hol st E8E 5 = AL olHHYEY 2= B E (list, str,
tuple Z2) AlA2 P 5, dict Z2 2R A Al A2 F 5, 9t A4l &, _iter_ () Y AA=
MIL L33 E= _ getitem () WAZE WA A3t RE S 711;41 o] °"“‘45‘r
oJH HEL for £z A} %13’_ ANE2E B8R = TE B2 X (zip (), map(), )
off AbEE & A5 UTh olE 28 AA 7L WG T iter () o AAE AW, T AA 9 o]
gdeolHE = FUTh 1E1ffﬂ°lﬁi“ w= t}?}é% H A= G FEFUL ol EH e ES
AL E o, HE2 iter () E ZE8H A, olH e olE AAE A thE 22+ flsUth for &
OJAESZ AHES Al HH Aoz FEH, FILE & A olHH O JHE FobE ol & §le
A5 SEUth ol Bl d o E, Ald 2, Alv ol H = BAS.
iterator (©] €] & o] €]) tﬂ o] 1.4 A2EHE 3= AA. ol o) 514 __next_ () YAEEHEAO

35 (= ‘41 Snext () 2 AEstd) 22 Y= T %Qz}ﬂ]rﬁiiﬁ yrt o

o] A9] d] o] E17 S o= ﬂ]/,\_] StopIteration d el E doziyrch o] A A A, o]EH olH A
A= 2A% 0 o]_,__,] _next_ () MIAEITZE ?_ StopIteration o E thA] 427 7]“&
Gyt o F E‘ﬂ °lH = °]E1 gl ol g A Z}La SYFE__iter_ () MIAE=EE IR Zio] 275 7]

o Zoll, olEf &l ol B = o] B £ 0] 7| = Sfal thE °1Ei31 52 Uolsol= dHE29 XollA A8
T AFUTh T2 o9& o] Mo o]fH o] dE A =Estes ZEYYTh (List 2-2) AH oY
7“ZﬂL iter () & Ao for Fxof| AT wjuttk A o] H o] B & WYt old
22 olH e ol H ol thal A 3 st 3 3H, A o H gl o] A ol A= o] &7 o]E o] E S
A, W AEl ol [ HolA b5 145}

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

key functlon (7] &4) 7] Sk == Z 3 o] A (collation) == A & (sorting) ©] L} ¥l & (ordering) o] AF-&-5

d

T =
e s Y E QU & S0, locale.strxfrm() 2 2AY 54 P4 H=E
xé‘%i 718 ©te+ o A Ut
o]y B =77 2485 0] ofBA £ A AL Fol=AE Alofstr] fdl 7] FE ot
EYYrth old AL +=min(), max (), sorted(), list.sort (), heapg.merge (), heapq.
nsmallest (), heapg.nlargest (), itertools.groupby () ¢ AFYc}
71 &4 e e oy o] dFUTh ol E £0, str.lower () WA EE Alo)A & gl
AES A7 TR ARE F AUt tdA e, 7] e lambda @QQE s TR
9, ol @ AU th lambda ri (r10], r(2]). E, operator E%E’. Al He] 7] e
AAAE AlF Utk attrgetter (), itemgetter (), methodcaller (). 7] 45 HET

A& 8= W ol T 3 o] 2 Sorting HOW TO & H A &
keyword argument (7] 9] & 212} <A} & H A Q.
lambda (e} 5 2% ] gto] TH A= Shbel o4 ew TAH o) F gl Azl T4 B} F
N EHL lambda [parameters]: expression QY Th
LBYL 5 7] A X 2} (Look before you leap). ©] T AE}Y 2 T 0|} 23] & 317 Ao A Ao 2 ALA
AEL AT of AT EAFP A2 oHIR 3, B2 £ B o £AZ S A 0] H T,
222 S]], LBYL S <1 7] oh <5 /)" holl 24 228 BEA 2 50| Ay
E90],FE if key in mapping: return mappinglkey] = FAA} 3o, 5}A 7 23]
=

2 =7 key mappingI A A ASHR A5 5 51T o & o] 4 0] v} EAFP
A2He s Eo RN 28 4 g,

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).

frt

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

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

list (2] 25) g st AT T o] Fol = B3, Aol Bl A 27 0() o) 7] w2 ol, A
2] 2 E (linked list) ¥ th= 1‘/}%— ool o] vl & 7} & A} T}

Ul
g
iy

llstcomprehensmn (BFl2e H=zgAA) AJE2 A5 AR EE=JdRE A3ty I AFHE g|2ER
S8 FE= A% 9. result = ['{:#04x}'.format (x) for x in range(256) if x
% 2 == 0] £ 004 255 Afojo] Y AL 1675 (0x) S EFsHE BALY PrES
B 18 B ATEP YGUR, AR, range (230 R 2E SAAI U

loader (26]) REL 2T 3= A4, load_module () o|8t= o] 29 HiA =
BHEF 7l Eﬂ 7t =85 Yth AAS W2 PFP 302 &, A Wo] 2~ %EH
Loader & HA| Q.

magic method (v] %) B A=) =4 6] A= o] u] g4 A Q)

mapping (M]F) doJe] 7] 23] & X Y3} Mapping ©] Y MutableMapping A Hl o]~ Z 2
of AAH HAEEE F3HSE= AdH ol AA. o2& dict, collections.defaultdict,

collections.OrderedDict, collections.Counter & 5 4 95U th

meta path finder (W€} Z 2 5}2It]) sys.meta_path & Aol B85+ vy, HE A2 Fey&=
A2 =g 91t o Bes o] 917 E oA W
HEl A2 skt 7F A= A =S el A= importlib.abc.MetaPathFinder & 2 W
Fyo.

o} sl o gt m

importlib.abc.

rulm
o,
rir L

(o]
R
N
(o

¢

metaclass (W E} Fa|2) Fd2o Fd2. FHa A= P2 o5, 2 gAY, Holx Ed2E
9 EES Byt Yﬂ]E]raaV\“ o] Al QAIA}LE WolA] ZYP2E T+ AAES FAUth g RE9
WA AT 223 A2 7|2 TS AT FJolH & EFA o= AL ALY
HEe ZH2E s & duE AYUth 2R AR A A= o]l 77 A3 e gATH 287t
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A, WE 2P Aas 2EsT Sold S He ABh ojERHE AN 29 27 (ogging),
rE= A4 27, AR A FA, AZE TET B TR Ae] A HS T
metaclasses | A T ZFA| 3 Y &2 22 4~ 94y T)

method (W A=) Z |2 vl Qo A AL &4 7 ZeA9 8L oJEFHEZA TEH W,
I HAEE A AR A (EE self 2l E-TH 2 JA2dA AAE s UTh I & 5 1A

AFZ EHASL.

method resolution order (WA & Z2A &#4]) HAE 2F A= 23] 5l= T 5 2
FHAEY AP YT 23 AR E Thol Al QA E Z gl E o AFgH dare]F9 A S W82 The
Python 2.3 Method Resolution OrderS H.H gt}

module (25) o] TEo] 243} 9] & Pat A, BEL
S0 At B ) ots] ol ol .0 2o ok

W74 = BHAL

MRO "4 = 24 A & BHA Q.
mutable (7}H) 7} A A= Zho]

He ¢ JAREid () v ABA FAFULE 298 = BA Q.
named tuple (Lﬂ d= EiL—) “named tuple(V] & FZ)” ol gt &ol& FEoNA A& o] 22 o E
U BE Yol Zeae LGt

time.localtime () & os.stat () 7} HFE3E 2kS £ 851, o 8] YA o] Y d = E= Ut}
I & o= sys.float_info YUYtk

>>> gys.float_info[1l] # indexed access

1024

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

1024

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

True

AR YIE FE2UHWZF R ) duth =&, tupled A A%58Ha o] 22 28 FY st
SRR PO S R AT S DI - B e
collections. namedtupl ) s = Adsyth T2 7IHe A A AU W U d=E

e (

< =T 7 U'“/“] %“%— 7}el 7| = ]'141;]’
namespace (°] 5 53} LT7}X12JE]%7‘J£~ olF w2 YgAvEE FAF UL AA HH ol F
F (A E o A) B otyet A Y, A, YA o] F Tl AsUH o5 3L o5 TE=
WA BEAS ALPZUTh o & E9], &5 builtins.open & os. open ) 2 OE59 ol&

i
i
N

—_

T}
S 7bol S| A e B o) S o] BEo] Gt A A S B Bl A
7N R HeAdo =22 EUYth oS 50o], random. seed () B= ltertools islice
gtal 2 1 3heE o] ZhZf random 3 itertools EE ol 2 3 ?L"?iﬂ Aol ks H Yt

namespace package (¢] 5 33t 37| x]) @& A B 37| X 59| AH o] =¥t 7]-53t= PEP 420 3| 7] 4],
ol FX HAAE EAA ‘ﬂlﬂ = 75 AL, 53] __init  .py Lo gleng H4f
3 7] 4] &= ey T
EE T HAS.

nested scope( e 22 S0 AN WS Fr o el ol

—

7}—% 'i’f,FH?J HZ] W%\:}% P EECEL
FUth w7 R, A U452 A o] F F2FlA g HUTh nonlocal & HpE A3 20

e A2 BT,

new-style class (7 28t Fef) A FL & S AA o) AHSH I Sle Seha A oA o]
F. 2719 stold wAdeAE, 24 w2Ed YA __slots_, U2IHEH, 2 H,
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getattribute O, ZR2HAE, 28 E YA 22 Fo| A B2 I 75
2 AT 5 AAS YT
object (AA]) AE} (EFEU ) S 23 52 (MAE) o] Aofd BE oy, B3 ZE FoEd

Sl o HF A A Wl o]~ %EHQ%MDP.

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

At {71 A g o] F FXH I A = HA L.
parameter (W] 7 ) S (B WA E) Ho oA T47 ]“?:%—/F %1% AA (EE o A AAE) &
A Q8= O]%%%‘?lﬂ‘:/] oA F 79 w7 A
o« 9x-7]1Y = ( ositional—or—keyword) A AR Y719
yth o] Zlo] 712 Fefo mi7id ?J‘/]D},Oﬂ%

def func(foo, bar=None):

o A X-AE (positional-only): Y X 2 Al FE = Y+ QX W
B Aol WA A Gl / EAE B e o 5o A9 8 4 G s ch o8 Fo
ol| A posonlyl 3} posonly2:

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

P /A=A beomorkon: =R Y ATY A€ g AP A=A A
o s 49 o] oS 3 3 2ol B 1e] -0 3 ol AR+ 8 el T A
A G % Y5UITh A Fo], T30l A kw_onlyl S} hw_ony2:

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

o 7}R-91 2] (var-positional): (T2 v 7H HFoll ) 3| A] o] m] RholZof 31 9 %] QA AF=l T 3h)
A 7 d=AA AAEY Y Ad2E AR FULE ol & 7= w7 S5 o] Fol
* 5 ol B4 BYE 5 AsUth oA & 5o th2ollA args:

def func(*args, **kwargs):

o 7HA-7I 9 = (var-keyword): (V+2 Vi 7H‘E‘i$‘é°ﬂ o8l Al o] u] wrol5o X 719 = QA A=< H3l)

A8 5 9 9o A% 719 E ARE S ARG oA w5 E vl a0 o
x 2 ool oA F2 8 5 A5 UTh oI E o 912 o)A kwargs.

AW A IAHES 919 7 B oh ek de Aol AL B A4S S AR
ek,
ol =} 30]@ &, ozt v M 9] X}ojof L} 2= FAQ A E, inspect.Parameter S|,
function Z, PEP 362% H A 2.
path entry (A2 Qlee)) 2= /W 59t 7} QEE F REEL 27 98 Anek dE = A A

EREETN

pathentryﬁnder(ﬂi SRS E]J}JE‘]) sys.path_hooks 9 9= Z#E
= IlE ], FJRA A2 ED 2 BRES F S €2 5T

AR JEZ I} Eo] FHEE= A EEL importlib.abe.PathEntryFinder o] U3 4Yth

path entry hook (2 JlE8] &) sys.path_hook AE Y= ZHEU, EA A2 dED A =
ES =S Y A2 dER Iy E EE€E YT

path based finder (7 2 7%} 3}Q1e]) 7] & et A 2 9lQlt & F s, 2 E A= oA
FUth

path-like object (3 27 AA)) 3td A28 22 YehdE A A2F AAE 422 el & str
U bytes A o] A os.PathLike Z2EFS F A= AA YUTh os.PathLike ZEZEF
= A ¥dhe A= os. fspath () &S TE30A str L bytes 3t A8 AR = Wdg ¢
MQWE]' 4l os. fsdecode () £t os.fsencode () &+ ZtZ str U bytes A3E B 5=t
AeE 2 9o PEP519§C%}H HFyTh

4>
30
oy

g
i
o
i
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PEP 5}o] 4 741 7] gk, PEP = 5ol 7§ Elo] AR Al 2517} sho)m
o thet =& 752 B s 47 BAQI Utk PEPE A HE 7150l that 1A 7] Ab
2AE Alssl oF it
PEPE= 38 N 2L 7|52 A2l
ARE EAR TE7) %?} 71w A
W) o A8 EASHE Aglo] g
PEP 1 Z %314 8.

portion (1) PEP 420 o ] 9] & 24 &, o] & 22} 571 7] o] o] upA] 5hi= shLke] o] el el 2ol Sof gl
SFAE2) A Gip Lol AT £ A b,

positional argument (9] 2] 21z} <12 & BHA L

provisional API (%t API) &3 API+= & glolB 82| A T84 B F

]_ Y

_?L'

A Al g AFYE 9

s sho] 4lef Eol 7t 417
STk PEP 4 A 7

o
Ul el A gel & 255

FUEh QEjso)2o] 2 s} ol 95 4 @A, A
%ﬁﬂﬂﬂﬁﬁﬂﬂﬁﬁﬂiﬂ“ﬂvﬂﬂﬂ SEE .

S H A S o Aol S8 AL L APIE & §o17) fo1 5 2 5 18
WA 7ol e dojd A Yk

4% API| A2 A=, 1A BB o] §AH A b WAL “HF £ 0% o AQYTh- BE
“%%%ﬂaﬂmﬂﬁﬂiﬂ“%%ﬂ}%ﬂ%%%zﬁ%i%ﬂi7iﬁﬁﬂw
]_ =]

o] AL BE vl nefel 7t 0 A B AR D
Sty O A B S PEP 4118 s e}

provisional package (Z 3| 7] X)) 7 API S B A L.
W o

it

v

ot

Python 3000 (sFo 41 3000) 7}o] 41 3.x vl 2Felo] W (#17039] ] 7} 0 mlele] o] of 716 A ol 2
Eo]7 o] o]t}) o] AL “Py3k” & &0 27| % Frh

Pythonic (s}o]Hth-8) The Aol S04 AwHAel NG EL Agol A ZEE FRSE o4, Thol 4l 2
oo Al 7V A% AGH = oL AEL 7H7ko] mpe = ofoltof i} TE 27} o & Sof, ko] Aol
A Az 2= oltdL for B2 AFLFA oJEHEHELY RE Q47 2335= AUt} & gL
ool & old F72 :r“*‘jol foeB g, gpol ol 538tA] F2 ArEE 2 Aol A 7R HE

ARESH7| = Sy o

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

o 253 spol ok Y2 ol F sy th

for piece in food:
print (piece)

qualified name (3 F3}H o] &) 2 4 A AFmoA] RE AoH A, 34, mlA T o2
AT S HAFE How PR o F, PEP 3155 A A i) 249 Beol 22 A5
o, 759 o 22 AR o] 23} Z2 Uk

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

>>> C.__qualname
] C |l

>>> C.D._ gualname_

>>> C.D.meth. qualname

EES 7ME7)1=d A2 ul], @A 3] AF3E o] & (fully qualified name) & 2= H 2 9] 7| A E&
I REZ 7= Fog BEld o] L on3 Y] o8 590, email.mime. text:

77


https://www.python.org/dev/peps/pep-0001
https://www.python.org/dev/peps/pep-0420
https://www.python.org/dev/peps/pep-0411
https://www.python.org/dev/peps/pep-3155

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

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

'email .mime.text'

reference count (= 314) AA o o3t F=xo] M. AA 2 F= 3571002 Wojxd, W27} uk
‘49143} ¥z 3+ FH42 gy o N FZEo = EH A= AR CPﬂhon T3 A
"%MD}. sys BEE 5% AA 9 Fx A+ E E8F & getrefcount () & F P th
regular package (A3F 7] A]) __init_ .py 3tYS E3stE= g 2o 22 AEF <l 9 7] A
olF FXHIIA = HAL
_slots S R AdAdd], AxH 2 oJERESS AT T2
Ul E AAToZN e & d7ete AdE FUth 7] A
AL-8-5} 1 7t & 7R HolghA, WE e o s S8 22 Il A B 9 2 é‘%iéﬂ Ae
H3t A= At 2ol FH YL

sequence (A @A) _ getitem () EF HAEE B8 A4 AddAE AL L3 wE
S, N A28 Aoj& EAFE _len () 5

.III'H_\_,_L,

r°"

( =1 =

Uy, 1ist, str, tuple bytes 7} H5UTH dict =3 getitem_  (
S A YR T, 23] A5 oA Qele] 2 715 Ae7] o Eol AAL olrizh B A
FE vk A0 Z8l 8l of ik
collections.abc.Sequence FA #lo]x E#d2E _ getitem () I __len () =
oA R ZHSE QA EFHo~E AHYF=0, count (), index (), _ contains__ (),
__reversed_ () & F7F4UTh o] F3H AHH o]2E FAT S register () & AHE-3H
A WA Z 52T 4 Y5

set comprehension (J & A= |3 H) o]EHEo] Y= 4 AA Y QRE Xty 23S G2 JFge

wslst= 7+ 43 9. results = {c for c in abracadabra if ¢ not in 'abc'}
EEAREY AF (', 'd'rE AT comprehensions & TR Al L

single dispatch (4 2 EléJHil) T3 o] shte Q1Ae] Fof| 7|2 A AAE = Al E T t s 2] 9
St e

slice (&elo]2) HE Al A~ o AR E 233t AA. Setolat AH AT HE F7|HS AMSSiA
= .variable_name[1:3:5] X o} TAEZFEOZE BE3? . HES
SUth variabl [1:3:5) A%, [] QoA e o) 248 TEo 2 Lelgr). B Bs
(ME A~23gE)Z7|H2 YR Aoz sllce AR E A& Tt

special method (54 A &) s}lo]# o] of o H AR, QA -2, 213 uj '—'1‘/\]7‘4 O 7 TEFHE=HA
Z.old HAEEF /o WEZ A FSA By o] &2 21 5 Yt &4 W A == specialnames
of A E e A JdFUTH

statement (F73) 32 29 E (ZE9 “EF (block)”) & FA43= FEdUTh 82 294 o) AY

71N EE Agste A8 7HA 2= o stttk 7HE if, while, for.

strong reference In Python’ s C API, a strong reference is a reference to an object which is owned by the code
holding the reference. The strong reference is taken by calling Py_ INCREF () when the reference is created
and released with Py_DECREF () when the reference is deleted.

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

See also borrowed reference.

text encoding () A E 2137 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 file (S 2 5}9) str A E 97 & 5 & 919 A4, 5%, AE 5L A4 2 vho]E A
ol HAEY AH AT FAE Q15 & A% AU HAE e dzE HAE BE
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('r'EE'w) 2 Ed 9y, sys.stdin, sys.stdout, 1i0.5tringI0 8 AAEHAE EF Y5

gt

Hlol EA R A & 92 & 4 A& 5 AAo A vlelvE] 9 Y ® FrEAL
triple-quoted string (33 w}& 3 € £A4E) WL () ALWEEL () A A2 Fel el B g
& St S A AL fle 715 & Al st AR, o 7HA] ol el A £ R} 9
LUtk o] 2aAlo]z 2] ke Fow LR 2L EE FAY o] TFF 4 IR 2 B, A
BAHE 27 guk ol £ 28 £ 9led, S2EYS & 53] & JsUtt
type (F) stold A1) P& 220 ol T/ AAAAE 2AFUH ZE A& Fo] dFUth
AR P class_ OEYHER ANATF 9l Uth

type alias (3 ol 2]o]2) &L A8 Aol B Yshe] WEolx 5
Y o Qelol 2t 3 AEE deslsts o R8T 8 S

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

pass

£ ohe s 2ol o 971 47 WE 5 sk

Color = tuple[int, int, int]

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

o] 7|54 A 3l= typing T PEP 4842 2 31A4 8.

type hint (g I E) W<, S A EFHE 9 o w7 v ket ghe) 71dj s = F& A8k o=
gl o] A.

A A5 E AYgsta, 49 dg, FHd2 JERE 2 59 §F IIE = typing
get_type_hints () & ARS-3to] QA2 5 dF YT
o] 7%= AWl typingd} PEP 4845 F2 1A 8.

universal newlines (S-UWH A & 9d7) vt 2L A Z9o] Zo g QAFE HAE iE%g

-r

J_’:_
Aot Bl = 2 7R A A \n, e '\r\n', A UH?JE/\] e
Z7HA Q1 Abg-of] B4 = bytes.splitlines () ¥gF o2} PEP 278 &} PEP 3116 = E/\ﬂ&

variable annotation ((H > o] - H|o]H) H4 E= ZA oJECHES] of - H o] A

Me e Fe 2 o EPRES ol uoldS Bl Y A ATk

“

class C:
field: 'annotation'

W ojiH o] d2 ARt o § I EZ AREEUTH o & S0, ol T E int S 7HE ZAew

EEBEE

count: int = 0

W o] =gl o] A S Al A annassign o] A A W 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}4} 8 7)) 3lo] W Al_ 212} 28 w2 o], e A A 01] A A8 E = T E 1}o)
&g 22 T& o S A oA, stold v x 7| A2 AR AU J 28 o]
Eﬁ}t & 7Fs5HA st éa—ﬂ'x—iﬁi Aeld A9 &7,

venv & HA Q.
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virtual machine (7}4} 7]74)) 2 Z Egojwto g Aol H

Y7} £ 8ot vlo|E I =F AT
Zen of Python (3} o] Al) u}o] 4 t]x
HUth o] 552 U318 =&

ARE. s W] 744 714 ol T E A

2101 2 o]5 531 AL§ B ] =g o]

Jol Yajs) AetS o B2 oy,
ZEO A “import this” & YJ#3H EJYr}

Appendix A. 0{%!
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O] dHAOf 25}0q

o] A A= reStructuredText 2220 A BFE] R Aoz glo] A A YA E 93] 53] AlgH A 8] 7]

9l Sphinx & AH&-3< o

AT A &} o] & 3 A A TS Bhol A A ef v A 2 A o 7 AFd gAML = P Th 7] o &
T AT, ZFo] Wb ol th 3k A B = reporting-bugs 3] 0] ] = @'I’_ﬁl—é} A2, ME-E AL B AR = A v
s gyt

e BEolA B FAE =gyt
o Fred L. Drake, Jr., 92} s}old A = 5o 2zt 2t W2 Z'l =9 27}
« the Docutils project for creating reStructuredText and the Docutils suite;

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

Aol 71 P F Ut 71 Ak R A <
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appeENDIX G

oI b2} 20| Ml A

C.1 AZEQ0{Q A}

glo] W& ABCEl= 91 o] o] T A 2} 2 4] v g 2= ¢] Stichting Mathematisch Centrum (CWI, https:/www.cwi.nl/
ZFZ) 2] Guido van Rossum o]l 2] 3l 1990 dt)] Zdlof] tE o A G T Sho| Ao+ T2 A HE w2 53
o] Z3t= 1A 9k, Guido+= Tho] K o] =8 A A= o} Ql5th

19954, Guido+= Virginia 2] Reston ]| 31+ Corporation for National Research Initiatives(CNRI, https://www.cnri.
reston.va.us/ Frz) o A sho] W ZQ& AL L, o] oA oA WAL AZE O] E EAYUSFUTH
20003 59, Guido2} s}o] A 34l 7] El -2 BeOpen.com & 2 % 7] 4] BeOpen PythonLabs B & FA A5
Yt} 22 3 104, PythonLabs B -2 Digital Creations( & A} Zope Corporation; https://www.zope.org/ FZ) 2
A5 YTH 2001 3, 5ho] A A = E 9 o] A &H(PSF, https://www.python.org/psf/ #F2) o] A Y= A5t}
o] &A= stol M HA A A AiAS Aot s 5835 AYHE v F 8 24 YUt Zope Corporation-&

PSFo] 391 3919 Th,

RE glo] W vl ZH-E F 22F YUt (F7] 22 A 2o tha A= https://opensource.org/S 2314
AlR). dArd o B, f BHE (AT AR = obd Yt spo]# w222 GPLY 3 Uth; ofef o] &+
o}k Ml =S 2243 AY Yt

Bl=oF | oM e 2 | 5 AR} GPL 387

09.0~1.2 | n/a 1991-1995 | CWI yes

13~152 |12 1995-1999 | CNRI yes

1.6 1.5.2 2000 CNRI no

2.0 1.6 2000 BeOpen.com | no

1.6.1 1.6 2001 CNRI 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

2.1.3 2.1.2 2002 PSF yes

2.2 o] Ak 2.1.1 2001-& #] | PSF yes

Fi: GPLY s8dAvE A2 78 7FGPLE stold g v zdkE s st & S5y EE
gpol gholAla= GPLH 2] of 2o WS 37/ 422 WA G A vdS iz 5 A
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ol

‘J_

Ut} GPL 58 efo] Al sho] M7 GPL 3o W& 8 2 42 9]0l 8 A 4 A Tk e
AS

- 23A syt

Guido®) A £ 5}oll o] W EE 715317 BE BL 9% 4ARAAS A =P,

C.2 TO|MOll HMASIALE ALS S| S8t 0l o4

glo] W Az EQ o] e} A M= PSF License Agreementol] th2} gfo] Al 7} Kof gy o},

}o] 3 3.8.6 5], ™A 9] oA, 28]y & 7)€} F == PSF License Agreement £} Zero-Clause BSD licensel|
ug} o] 5 gfo] Al 27} ol gyt

glo] o] B8 dH Az EY oo g goldlart AgG Ut goldlas s gho] Al 3 3t
T 29 A g T oy gfo] A BT 552 2391 H Az Egofof tf g ehol Al Bl
g FRIAA L.

C.2.1 PSF LICENSE AGREEMENT FOR PYTHON 3.10.16

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

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.
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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, .
—O0r 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.

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

6. This License Agreement shall be governed by and interpreted in all respects
by the law of the State of California, excluding conflict of law provisions.
Nothing in this License Agreement shall be deemed to create any relationship of

(ThS slTeTATol A1)
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agency, partnership, or joint venture between BeOpen and Licensee. This License
Agreement does not grant permission to use BeOpen trademarks or trade names in a
trademark sense to endorse or promote products or services of Licensee, or any
third party. As an exception, the "BeOpen Python" logos available at
http://www.pythonlabs.com/logos.html may be used according to the permissions
granted on that web page.

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

C.2.3 CNRI LICENSE AGREEMENT FOR PYTHON 1.6.1

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

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

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

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

CNRI SHALL NOT BE LIABLE TO LICENSEE OR ANY OTHER USERS OF PYTHON 1.6.1 FOR
ANY INCIDENTAL, SPECIAL, OR CONSEQUENTIAL DAMAGES OR LOSS AS A RESULT OF
MODIFYING, DISTRIBUTING, OR OTHERWISE USING PYTHON 1.6.1, OR ANY DERIVATIVE
THEREOF, EVEN IF ADVISED OF THE POSSIBILITY THEREOEF.

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

This License Agreement shall be governed by the federal intellectual property
law of the United States, including without limitation the federal copyright
law, and, to the extent such U.S. federal law does not apply, by the law of the
Commonwealth of Virginia, excluding Virginia's conflict of law provisions.
Notwithstanding the foregoing, with regard to derivative works based on Python
1.6.1 that incorporate non-separable material that was previously distributed
under the GNU General Public License (GPL), the law of the Commonwealth of

(ThS slTeTATol A1)
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Virginia shall govern this License Agreement only as to issues arising under or
with respect to Paragraphs 4, 5, and 7 of this License Agreement. Nothing in
this License Agreement shall be deemed to create any relationship of agency,
partnership, or joint venture between CNRI and Licensee. This License Agreement
does not grant permission to use CNRI trademarks or trade name in a trademark
sense to endorse or promote products or services of Licensee, or any third
party.

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

C.2.4 CWI LICENSE AGREEMENT FOR PYTHON 0.9.0 THROUGH 1.2

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

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

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

C.2.5 ZERO-CLAUSE BSD LICENSE FOR CODE IN THE PYTHON 3.10.16 DOCU-
MENTATION

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

THE SOFTWARE IS PROVIDED "AS IS" AND THE AUTHOR DISCLAIMS ALL WARRANTIES WITH
REGARD TO THIS SOFTWARE INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY
AND FITNESS. IN NO EVENT SHALL THE AUTHOR BE LIABLE FOR ANY SPECIAL, DIRECT,
INDIRECT, OR CONSEQUENTIAL DAMAGES OR ANY DAMAGES WHATSOEVER RESULTING FROM
LOSS OF USE, DATA OR PROFITS, WHETHER IN AN ACTION OF CONTRACT, NEGLIGENCE OR
OTHER TORTIOUS ACTION, ARISING OUT OF OR IN CONNECTION WITH THE USE OR
PERFORMANCE OF THIS SOFTWARE.
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_random B &2 http://www.math.sci.hiroshima-u.ac.jp/~m-mat/MT/MT2002/emt19937ar.html of] A
Welh 3o 7Rt I =8 233Utk b2 dd T2 A4S Iz 70 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,
EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO,
PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR
PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF
LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING
NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE OF THIS
SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.

Any feedback is very welcome.
http://www.math.sci.hiroshima-u.ac.jp/~m-mat/MT/emt.html
email: m-mat @ math.sci.hiroshima-u.ac.jp (remove space)
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The socket module uses the functions, getaddrinfo (), and getnameinfo (), which are coded in separate
source files from the WIDE Project, https://www.wide.ad.jp/.

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

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

modification, are permitted provided that the following conditions

are met:

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

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

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

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

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

C.3.3 H|S7| &3 MH|A

asynchat ¥ asyncore &2 b33 2 Y AHgHE 233t

Copyright 1996 by Sam Rushing
All Rights Reserved

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

SAM RUSHING DISCLAIMS ALL WARRANTIES WITH REGARD TO THIS SOFTWARE,
INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS, IN
NO EVENT SHALL SAM RUSHING BE LIABLE FOR ANY SPECIAL, INDIRECT OR
CONSEQUENTIAL DAMAGES OR ANY DAMAGES WHATSOEVER RESULTING FROM LOSS
OF USE, DATA OR PROFITS, WHETHER IN AN ACTION OF CONTRACT,
NEGLIGENCE OR OTHER TORTIOUS ACTION, ARISING OUT OF OR IN
CONNECTION WITH THE USE OR PERFORMANCE OF THIS SOFTWARE.
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http.cookies RES T} 28 59 A3 TR

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.

o 2e 39 ARE THFYT

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

Python 2.2 license.

Author: Zooko O'Whielacronx

http://zooko.com/

mailto:zooko@zooko.com

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

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

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

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

Permission to use, copy, modify, and distribute this Python software and
its associated documentation for any purpose without fee is hereby
granted, provided that the above copyright notice appears in all copies,
and that both that copyright notice and this permission notice appear in
supporting documentation, and that the name of neither Automatrix,
Bioreason or Mojam Media be used in advertising or publicity pertaining to
distribution of the software without specific, written prior permission.
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C.3.6 UUencode 2! UUdecode &t

uu BES e 22 7o AR 23U h

ol

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

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

Modified by Jack Jansen, CWI, July 1995:

— Use binascii module to do the actual line-by-line conversion
between ascii and binary. This results in a 1000-fold speedup. The C
version is still 5 times faster, though.

- Arguments more compliant with Python standard

C.3.7 XML ¥4 ZZ2A|X &

xmlrpe.client REE The T 22 29 A3 gk

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. IN 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.
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C.3.8 test_epoll

test_epoll REL 0he 3 28 79| 4GS 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
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE AND

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

C.3.9 Select kqueue

select BE S kqueue QB3] o] 20 Al the o) 2& 9 A EFFY o

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

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

modification, are permitted provided that the following conditions

are met:

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

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

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

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

OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT
LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY
OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF
SUCH DAMAGE.
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C.3.10 SipHash24

AU o 7)ol th= 22 W&ol 2= o dFyth

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

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

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

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

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

C.3.11 strtod 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 following copyright and licensing notice:

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

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

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

*

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

* purpose without fee is hereby granted, provided that this entire notice
* is included in all copies of any software which is or includes a copy

* or modification of this software and in all copies of the supporting

* documentation for such software.

* THIS SOFTWARE IS BEING PROVIDED "AS IS", WITHOUT ANY EXPRESS OR IMPLIED
* WARRANTY. 1IN PARTICULAR, NEITHER THE AUTHOR NOR LUCENT MAKES ANY

* REPRESENTATION OR WARRANTY OF ANY KIND CONCERNING THE MERCHANTABILITY

* OF THIS SOFTWARE OR ITS FITNESS FOR ANY PARTICULAR PURPOSE.

*

***************************************************************/
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C.3.12 OpenSSL

The modules hashlib, posix, ssl, crypt use the OpenSSL library for added performance if made available
by the operating system. Additionally, the Windows and macOS installers for Python may include a copy of the
OpenSSL libraries, so we include a copy of the OpenSSL license here:

LICENSE ISSUES

The OpenSSL toolkit stays under a dual license, i.e. both the conditions of
the OpenSSL License and the original SSLeay license apply to the toolkit.
See below for the actual license texts. Actually both licenses are BSD-style
Open Source licenses. In case of any license issues related to OpenSSL
please contact openssl-corelopenssl.org.

OpenSSL License

Copyright (c) 1998-2008 The OpenSSL Project. All rights reserved.

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

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

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

3. All advertising materials mentioning features or use of this
software must display the following acknowledgment:
"This product includes software developed by the OpenSSL Project
for use in the OpenSSL Toolkit. (http://www.openssl.org/)"

4. The names "OpenSSL Toolkit" and "OpenSSL Project" must not be used to
endorse or promote products derived from this software without
prior written permission. For written permission, please contact
openssl-corelopenssl.org.

5. Products derived from this software may not be called "OpenSSL"
nor may "OpenSSL" appear in their names without prior written
permission of the OpenSSL Project.

6. Redistributions of any form whatsoever must retain the following
acknowledgment:
"This product includes software developed by the OpenSSL Project
for use in the OpenSSL Toolkit (http://www.openssl.org/)"

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

NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES;

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

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

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

L I S T

Original SSLeay License

Copyright (C) 1995-1998 Eric Young (eay@cryptsoft.com)
All rights reserved.

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

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

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

the code are not to be removed.

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

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

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

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

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

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

OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT
LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY

ERE T R A B N S N S N S S SN S N S N SN T IS S S S N S S S i T T N S R S N S
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* OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF

* SUCH DAMAGE.

*

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

* [including the GNU Public Licence.]

*/

C.3.13 expat

pyexpat &2 WEE ——with-system-expat & /82| %= st E3HH expat &2 AHES ARG

sho] =g ek

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 NONINEFRINGEMENT.
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 &F2 W& ——with-system-1ibffi & 74 3}X] ¢k o, 284 libfli &2 AR S ALS

shof M=k

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

(ThS sleTATol A1)
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NONINFRINGEMENT. IN NO EVENT SHALL THE AUTHORS OR COPYRIGHT
HOLDERS BE LIABLE FOR ANY CLAIM, DAMAGES OR OTHER LIABILITY,
WHETHER IN AN ACTION OF CONTRACT, TORT OR OTHERWISE, ARISING FROM,
OUT OF OR IN CONNECTION WITH THE SOFTWARE OR THE USE OR OTHER
DEALINGS IN THE SOFTWARE.

C.3.15 zlib

21ib 232 A2 "o A RAE zdib W o] 1R o5 o) W] A8E 5 Qow, EIE zlib 42
g A-gShol e U th

Copyright (C) 1995-2011 Jean-loup Gailly and Mark Adler

This software is provided 'as-is', without any express or implied
warranty. In no event will the authors be held liable for any damages
arising from the use of this software.

Permission is granted to anyone to use this software for any purpose,
including commercial applications, and to alter it and redistribute it
freely, subject to the following restrictions:

1. The origin of this software must not be misrepresented; you must not
claim that you wrote the original software. If you use this software
in a product, an acknowledgment in the product documentation would be
appreciated but is not required.

2. Altered source versions must be plainly marked as such, and must not be
misrepresented as being the original software.

3. This notice may not be removed or altered from any source distribution.

Jean—-loup Gailly Mark Adler
jloup@gzip.org madler@alumni.caltech.edu

C.3.16 cfuhash

tracemalloc °f & A}25 = 3 A] H o] 29 3L cfuhash T2 A EE 7|Hlo 72 Sh T}

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

(Th5 slTeTATol A1)

C.3. Z&HE AZEQ0{0l CHEt 2fo|MA L S0l 97

Hl




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

(o] A sl o] A ol A AH)

from this software without specific prior written permission.

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

C.3.17 libmpdec

_decimal RE2 Y =& ——with-system-libmpdec & 74 3}A] &= S, Z 35 libmpdec 42~ AR
2 Aol W=tk

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

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

C.3.18 W3C C14NEHIAE ARIE

The C14N 2.0 test suite in the test package (Lib/test/xmltestdata/cl14n-20/) was retrieved from the
W3C website at https://www.w3.org/TR/xml-c14n2-testcases/ and is distributed under the 3-clause BSD license:

Copyright (c) 2013 W3C(R) (MIT, ERCIM, Keio, Beihang),
All Rights Reserved.

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

(ThS sleTATol A1)
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* Redistributions of works must retain the original copyright notice,
this list of conditions and the following disclaimer.

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

* Neither the name of the W3C nor the names of its contributors may be
used to endorse or promote products derived from this work without
specific prior written permission.

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

C.3.19 Audioop

The audioop module uses the code base in g771.c file of the SoX project. https://sourceforge.net/projects/sox/files/
sox/12.17.7/sox-12.17.7 .tar.gz

This source code is a product of Sun Microsystems, Inc. and is provided for unrestricted use. Users may
copy or modify this source code without charge.

SUN SOURCE CODE IS PROVIDED AS IS WITH NO WARRANTIES OF ANY KIND INCLUD-
ING THE WARRANTIES OF DESIGN, MERCHANTIBILITY AND FITNESS FOR A PARTICU-
LAR PURPOSE, OR ARISING FROM A COURSE OF DEALING, USAGE OR TRADE PRAC-
TICE.

Sun source code is provided with no support and without any obligation on the part of Sun Microsystems,
Inc. to assist in its use, correction, modification or enhancement.

SUN MICROSYSTEMS, INC. SHALL HAVE NO LIABILITY WITH RESPECT TO THE IN-
FRINGEMENT OF COPYRIGHTS, TRADE SECRETS OR ANY PATENTS BY THIS SOFTWARE
OR ANY PART THEREOF.

In no event will Sun Microsystems, Inc. be liable for any lost revenue or profits or other special, indirect
and consequential damages, even if Sun has been advised of the possibility of such damages.

Sun Microsystems, Inc. 2550 Garcia Avenue Mountain View, California 94043

C.3. Z&HE AZEQ0{0l CHEt 2fo|MA L S0l 99

Hl



https://sourceforge.net/projects/sox/files/sox/12.17.7/sox-12.17.7.tar.gz
https://sourceforge.net/projects/sox/files/sox/12.17.7/sox-12.17.7.tar.gz

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

100 Appendix C. A2} 2l0|MIA



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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1=
e

Non-alphabetical

..., 67

2to3, 67

>>> 67

_ future_ ,71
_ _slots_ ,78

A

abstract base class (A H| o] ZE ), 67

annotation (¢ H| o] A), 67

argument (€13}, 67

asynchronous context manager (31%7] A
g e #e] 2}, 68

asynchronous generator (H]% 7] A4 g o]
H), 68

asynchronous generator iterator (H]%7]
Adalol e ol gl o] &), 68

asynchronous iterable (B]%7] o]E]2] &), 68

asynchronous iterator (H]% 7] o] d| o] H),
68

attribute (JJEZHE), 68

awaitable (o] 9 °]E]E), 68

B

BDFL, 68
binary file (d}°] 2] 3}Y), 68
borrowed reference, 68
bytecode (H}o]E T X&), 69
bytes—like object (H}o|E

C

callable, 69
callback (%), 69
C-contiguous, 69
class (E#2), 69
class variable (@2 ¥4, 69
coercion (Zo]A), 69

complex number (B4), 69

context manager (AEAE #HE| A}, 69
context variable (AEAE ¥W4) 69
contiguous (¥1<), 69
coroutine (ZFH), 70
coroutine function (Z

A5 A7), 69

F9 &), 70

CPython, 70

D

deallocation, object,48

decorator (HZd o] g), 70

descriptor (2= HE]), 70

dictionary (944 g]), 70

dictionary comprehension (5442
3 A), 70

dictionary view (344 g H), 70

docstring (52EH),70

duck-typing (8 €}o]3), 70

E

EAFP, 70
expression (2d4), 71
extension module (%

F
f-string (FEAFE), 71
file object (T AA)), 71
file-like object (FEF AA),71
filesystem encoding and error
handler, 71
finalization, of objects,48
finder (391 9), 71
floor division (B4 vx=A), 71
Fortran contiguous, 69
function (&), 71
function annotation (

G

garbage collection (ZFH]A] =7), 72

generator, 72

generator (A Y # °]¥), 72

generator expression, 72

generator expression (AU & oy £¢4]),
72

generator iterator (AU o€ o]Ed o] H),
72

generic function (AUYlE gt5), 72

generic type (AYE &), 72

GIL, 72

Azl

25),71

g o] . H 0] ), 71
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o QB L2

global interpreter lock (A
),72

H
hash-based pyc (S| A] 714k pyc), 72
hashable (]A] 7}%), 72

IDLE, 73

immutable (W), 73

import path(YXE F=),73
importer (Y32¥), 73
importing (Y =H), 73
interactive (Fh3-3), 73
interpreted (QAE Z 2 E|X), 73
interpreter shutdown (QAE =
iterable (°]E] & &), 73
iterator (o]E] ¥ o] ¥]), 73

K

key function (7] &), 74
keyword argument (7] XE <12}, 74

L

lambda (Zt}), 74

LBYL, 74

list (B|2~E), 74

list comprehension (B|2E AXZE3NA), 74
loader (EH), 74

locale encoding, 74

M
magic

method, 74
magic method (W] A HWlA &), 74
mapping (73), 74
meta path finder (WE} 3 Z 5}219), 74
metaclass (W EF ), 74
method

magic, 74

special, 78
method (WA Z),75
method resolution order (MAE AA A,

75

module (2 &), 75
module spec (&
MRO, 75
mutable (7}H), 75

N

named tuple (U Y= FZ),75

namespace (°] & &7, 75

namespace package (°]& &7+ 97 A]), 75
nested scope (FHH £23%2),75
new-style class (F2€8tY Ed2),75

2lH $8),73

' 29,75

deallocation, 48
finalization, 48
object (AA), 76

P

package (3] 71 A)), 76

parameter (W7 ¥ 4), 76

path based finder (FZE 7|9t 9}21t]), 76
path entry (& AE=]),76

path entry finder (A= dEZ 5}214H), 76
path entry hook (FZ AdAEEF £),76
path-like object (BEZF AA), 76
PEP, 77

Philbrick, Geoff, 15

portion (£A),77

positional argument ($]X] Q13}), 77
provisional API (F+A API, 77
provisional package (FA 37| ]), 77
PY_AUDIT_READ, 51
PyArg_ParseTuple (), 13
PyArg_ParseTupleAndKeywords (), 15
PyErr_Fetch (), 48

PyErr_Restore (), 48
PyInit_modulename (C function), 55
PyObject_CallObject (), 12

Python 3000 (3}o]# 3000), 77
Pythonic (Fto] M th), 77

PYTHONPATH, 55

Q

qualified name (534 ol&F), 77

R

READ_RESTRICTED, 51
READONLY, 51
reference count (Fx 34,78
regular package (B4 37| A), 78
repr

SiE w A, 49
RESTRICTED, 51

S

sequence (A|#E2), 78

set comprehension (3 A= 3A), 78
single dispatch (AF Y2ax]),78
slice (£8}o]), 78
special

method, 78
special method (54 WA XE), 78

statement (£7), 78
string
object representation,49

strong reference, 78

T

O text encoding (HAE 913 4),78
text file (Hl2E 14),78
object
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triple—-quoted string (A= W% d Ex}
4),79

type (8),79

type alias (3 dlgeoix), 79

type hint (& 31 E), 79

U

universal newlines (FUWA &=37),79

\Y

variable annotation (4 o]k o] A), 79
virtual environment (7} 24),79
virtual machine (7} 71 A), 80

W

WRITE_RESTRICTED, 51

X
Ty

repr, 49

Y

Trep Fe Y
PEP 1,77
PEP 238,71
PEP 278,79
PEP 302,71,74
PEP 343,69
PEP 362,68,76
PEP 411,77
PEP 420,71,75,77
PEP 442,49
PEP 443,72
PEP 451,71
PEP 483,72
PEP 484,67,71,72,79
PEP 489,11, 56
PEP 492,68,70
PEP 498,71
PEP 519,76
PEP 525,68
PEP 526,67,79
PEP 585,72
PEP 3116,79
PEP 3155,77

3 ax
PYTHONPATH, 55

N

Zen of Python (3to]# Al), 80
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