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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 YL BT A0 Z A ZFFAA L. (AR O 2, B ES spamo]gtal &, sig 3
= 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] 22 shol A APIE 7HA U TH(AGTHe BES BH3 AW BAE AYSE FAL 24T 5
=Y
=]

—

Far: gojo] R A FF F o TS A= LR AAE 7] BYE HYT 5 oA, EF
3 6 7F 235 7] Aol 9= A] python.hE Z sl of Futh

It is recommended to always define PY_SSIZE_T_CLEAN before including Pyt hon . h. See &7 gF5=of| A] wjj 7]
¥ 4= ==3}7] for a description of this macro.

Python.n7t Aol B AL A7 & 4 Qe 715 E £ 3T Qo] 4o H 7158 A9 8L BF pyLiey
4TS 25 Th A€ 50, 123 o)W AB el el 7L YA SHA AH§ 31 wl ol "pychon.

h"+= 3 712 & 9t 3td & £33t} <stdio.h>, <string.h>, <errno.h> % <stdlib.h>.
oW, T malloc (), free() ¥ realloc() & A AAF Yt

Fahel S5 s o] A2 del 9
2o g BE v 715t AL gto] M TH A spam.system(string) o] H7l12 w] SEE C T
=4

(Ein=
’“?JMDHOWNOWUHE%Q 2 27 2 AdYh:

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

const char *command;

int sts;

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

sts = system(command) ;

return Pylong_FromLong (sts) ;
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[static PyObject *SpamError;
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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|
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SpanBrror M4t A2 TSI 9] Fehso] U AEE G TONE FI A 25 0] AL A A Y

UtH 9 f F =0 &3) o &7} REo A A AD 5 7] W Zoll, Fel &7F 2l A A spamError 7} g ®l
=

(dangling) Q€1 7} 51 7] 9= = Sejwl, Fej ool et B2 8 242 Do A5k e A7}
eolmah gL A8 dod 5 AF Tk

HE, Q& WA =CIZET} T d=} ot
:F

o] MZo] SIFEFo|A PyMODINIT_FUNCE &
]

o
fol
o
=)
2
¥
o
td
tn
=2
>
[0}

o

V)]

3

0]

[

[

(@]

[n}

2
o
i
M
o
>
my
4
X0,
ol
°

o537} el pyErr_SetString()

t}:

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

const char *command;

int sts;

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

sts = system(command) ;

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

}

return Pylong_FromLong (sts);

8 Chapter 2. HM|&XxI £ Q0| &%t QLS 7|
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2.1.3 O|M| 2 E0}7}7|

oA 52 EolAA, o)A o e He o] B4 o]a T 4 Ylofof T Th:

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

T g
}ﬂi

Zof| A} of 2] 7} W AE M PyArg_ParseTuple () o] &3] DA H o9 of o] &5HA NULL(ZA A
~%Pﬂﬂ“ﬂAJﬂH*MVD°m%ﬂQW<1aﬂ“°€ﬂﬂ4ﬁﬂﬁ%k1]ﬁLT
BAE YEUT ol AL £AE theloln Fhel 7= EABS AL ok H LT (HekA

Eﬂ—’,\— command+ const char *command@ 2HIEA A AF ofof ).
o
T =

2 84 system () 2 £ 94|, PyArg_ParseTuple () oA €& BEXEES AZsY

Q

o
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= system (command) ; }

)
0]
o+
0]

29 spam.system() T+ sts FS FoH AA=Z wEFF o FYrh o)A
PyLong_FromLong () &5& AR&3to] o] £ o] FTh

[return PyLong_FromLong (sts) ; }

B B AAE S EUTH (o, BF2 AR stol oA = 3] Y AR YU tH)
43t AALE WHEHS} l°}LCﬂT(vo1d% Hhgbsh= o) 7F QLo W, 3l F Tho] A 3= None & WHSH
of gruch ¥ A S ¥ o] W87 B 83T} (Py_RETURN_NONE UHELEE—TL %»]EH:

Py_INCREF (Py_None) ;
return Py_None;

Py None2 5 o]l A None 9] C o] 5 uUth. skl A HgkXol, ti#2 o] Ao A “oll2f” &
58k NULL 32 1E1 7} ok g} Axt gfo] A A A AU o).
21.4 DE°| HME E|0o|ED} =75} &4

so)# 32 1ol A spam_systen () o] o BA EET£A Mol FATHR Sf Pk WA, WA=
B8 ol o] 53 F4& sl of gtk

static PyMethodDef SpamMethods[] = {

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

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

bi

Al AR 5 (METH_VARARGS) ol 2] 3t Al L. o] 212 JAB Ze|H oA C ol A2 35 32
deFE=ZYadych dvtE o7 FJAMETH_VARARGS Y METH_VARARGS | METH_KEYWORDS o] oF
Fth 0 S T = AF2H A = PyArg ParseTuple () W3 o] ALEE S o u g}

METH_VARARGS % AM3-& trﬂ £ ol W 5 w7l W7} PyArg_ParseTuple () & &3
Ao sl gH = REEHAGE 2R 13110110?3“45} o] grrofl Th gk ARA| 8 A K= ofef of] A
719 = AAE of ALl oF atd, Al HA = A METH_KEYWORDS HEESE AT 4 9]
ol 4%, C e 71HE ‘;]/\:]L‘]B]ﬂ-g Al MA pyobject * w7} W4 EL}O} OI]O]E ﬂ‘%‘;‘r
gto| = PyArg_ParseTupleAndKeywords () & AR5} AAE 8 EASHAAI L

A= HolE2 2E B F2A A FxH ook gyt
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static struct PyModuleDef spammodule = {
PyModuleDef_ HEAD_INIT,

"spam", /* name of module */
spam_doc, /* module documentation, may be NULL */
=i, /* 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) ;

I3
PyMODINIT_FUNC+E ¥4~8 PyObject * ¥&g o2 Midsta, T Eo B8 EFHa A A
AstH, C++2] B9 TS extern "C"E A AT FoFUAL
ol 221 NSO T BE spamS YZE ZTLFEH,PyInlt spam () o] =& F Ut (to] A W
el A= ofefioll A A5 @ Uth) o]+ PyModule_Create () & £&%t=0], 28§ AA & W&stl 2 &
oA 2 H o] & (PyMethodDef XA M E)= 7IWHe 2 | T AA 52 ME e 259
A4 Y PyModule Create () & WHE ZE Ao tigh A E Wr&stUcn. 54 o#e] 4
Aol el 2 S0 AL, RES NS 27313 5 o nuLL S WEE 5 Ay 2713
FeE BE AAE T2 A7 wh3al oF gt 221 sys.modulesol 4HH U Th
ho] xS W ), Pylmport Inittab H o] &0 &&o] 9o PyInit_spam() T 7} AE 0 7
$&52 g5tk RES 273} g o] B 27188 W, PyImport_AppendInittab () & AME3}1,
QAo rtgel BES YEE HuH
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) ;
I3
/* 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_TImportModule ("spam");
if (!pmodule) {
PyErr_Print () ;
fprintf (stderr, "Error: could not import module 'spam'\n")

(TH5 sl el Aol A)

10 Chapter 2. H|AtX} =7 Qi0| &% D= 7|
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(o] sl o] A ol A AI)

PyMem_RawFree (program) ;

return 0;
}
Z3: sys. modulesoﬂfﬂ fz;%—% AASTFAY Z2 A2 YollA Aadd ZRES o8 Az EHE
YZE 3 (= exec () E HYAIZIA &L fork () & WEH) %‘.-‘T’— G4 ZE AV AT
Jsyth & 25 X—}H?‘P“ Wi dole +25 271318 o & 7|2 oF it}
o2 A Al oA ZE ] Modules/xxmodule.cE o] A v EFho]| 3 F o] QG Ut} o] 3
Ae YEow 18R AL} Bedl AL A8 & Az

ZH31: spam 9| A9} 2] xxmodule2 ThHA| & 7] 3} (multi-phase initialization) (3F0] 4 359 M 22 7]%)
E AF2 gt} o] 7] 4] &= PyModuleDef 2 A 7 PyInit_spamo| A 918 11, 2 & A2 dF E H 3}
AP Y ohdA 2 7))ol o gk ZpA| g W82 PEP 4895 F 2SI A| 2

AEE 832 A837) A 3ok T F A o) B AUtk A5t sholf AlLd e P,
54 208 S, AR AT A 2ol AR 54 21 Sehdol mhet Dok & %ok 94
252 WS 7 °ﬂ B ACS Crr T NES ] D AE WS e AA D AR E oo @
B %

FF AR (DTS04 Cok Cre 38 W=7 )8 REFN 2.
g

54 29 8T 5 QAL RES sl i AT EY A REoe uEdE, T4 242
WA AHZYHE thA WES of FUth * FAE, o] AL FY2oA o g ch 45+
A2 B E Q) Modules/ T A E 2o 3t (o] & E0] spammodule.c)E =1, Modules/Setup. local
Stol of e 0] S ST B BE F AL

[spam spammodule.o }

a3 A4S tEE g oA makeE A Bl A Z 2 EE ThA] Y ESIAI Al L. Modules/ AHE Y
dE 2] of| A makeE AW T = AT WA ‘make Makefile’ & 4 ags}oq Makefile g ThA] W E3) o}
18a]

=

Ut (o] A2 setup .ﬂr"]% @%6‘3 ult} 9 @ 3 h)
BEo 928 27} ol Hel et DLW, o] A% T4 51Y9 o YdE 4 YUt oS Sol:

[spam spammodule.o -1X11 }

2.1.6 COllM mo|M &4 SE5H|

A A SR AN C B4 2T 5 YEE S ol AEAF UL 2 WS F-8 3 Th Col A
5ol 4 S o]. 0|21 S| “Fa B A A chol melelol Ao ATV C Ao
e PHESHL ESUStol e $ sholt 22 aelulol ) £ A AUSE AT & s}
U th 7R CEMol A shold 2U 948 B2 ok Pith ThE BEE AT - QG
g 3], sto] A A ZelE = AAZ LR A TE2H W, gl 4§ T2t EF QAEFH )27 S
SUth (54 498 4802 stold 5hAE 2oL PHel el AL the A ebAS LT — #Alo)
i, gfo] A A iCOHH Modules/main.c? -c B8 & A4 FIS AHEAHAA L)

gto] W FgrE SE|= g5 Uth WA, gho]H 222 o] YA £ ool A sto]H T AAE
Agsfof Ut o] & H8] T4 (& thE AEH o] 2) & ATl oF Pt o] F7t 52 uf, A
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o M (e ool B7lofl AT 3 ojtfoluhofl stoj A ek Ao th e 2AEE A FAAI 2
(Py_INCREF () 3fl oF 8} Zl°ll —rA SHHAILD. A& E0f, U= e 28 oY 47 d = dsyth:

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;

I3

return result;

o] 3+~ METH_VARARGS Z ]| 18 AF-23}o] Qe Z 2l o] S 23] oF 3 t}; o] A
Hl o] &3 = 7] 8} ool A o O]/\‘/]T/} PyArg_ParseTuple () 42} 14
A7) s =67 Aol AE o] s th

lgrb

U} 2 2 Py XINCREF () & Py_XDECREF () = A9 IR A4S Z7H A 7] NULL Q0 H7F 9L
o AU (L o] FHoA| A temp= NULL ©] ofdoll FY 3t A1 L), A xSl 4of o] tf st

AA & A 7} 94 o,

Usol, 45 258, C & PyObject_CallObject () & T=HUTH o] o=
7F dEd, BF °‘«H gto] AR o st ZAE Juth: spol R o) A2 H 5. AR} —‘1%8
Aol 7} AR 4221 FF AAoJof FUth. AR} §lo] oM FF $E3He W, NULLo| Y ¥l K
A8t Al L; fv‘MA AAZ TEsteld, & FE FES AIsHHAI L. py_ Bulld\/alueo =
EAg o] 5 Atolo 07] o] 4] T FEE FAE IS W] FZS vk th o & E4:

é
o o

Fel e ot o,
S& lfo o 2,

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);

J

PyObject_CallObject () ] =}
YUt PyObject_CallObject () & AAS}; #HE LA “H
PyObject_CallObject () ]

Ss4rth

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 Th: B8 A 2g A o] AL} 2
ol Qe Ao o &, Ak (53 1 @

Erm
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F=7hA 98 AT 5 =S Tk 01 ol 7bs s U vt A 8A] ¢F o™, PyErr_Clear ()
5t =

gl
£ 2 &5t 2 E AR oF Ut

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
55 FUTh wol et QA B2 F 5 A G 3 22 A E T o] 25 B3l sho] A ZE I A
ﬁl*%MD} IR oS T AA| S 22 A o' A st AbS %l*l%DP 02 Ao, A 55
OE AL N FE2S TN+ %qu}. o] g7 s 7HF 7tk W& Py _Buildvalue ()
2 325t= AQULE o2 Eo], A5 olHlE IS Agsty W, TS I E AT 5 IS5 Yt

y 70T
PyObject *arglist;

mr

m[n
m

—_

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% o2 49 Aol py_DECREF (arglist) o A FoITHA N 2! EP Y5 e o
=7} A5 2ol §9 3414 2 Py Buildvalue () o MR e|7H HET 5 glojA el ok

Ut

AAFe} 719 E JIAE A ¥ 8l= PyObject_Call () & AHE3H 719 E A = S 2 5

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

PyObject *dict;

dict = Py_BuildvValue("{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 2 A50lM D7) Hy F=E517]
PyArg_ParseTuple () ¥+ a3 2ol g Yk
[int PyArg_ParseTuple (PyObject *arg, const char *format, ...); ]

arg AH= Stol Aol A C P42 AL & A BFol ZFH FE AH o] oF FUITh formar A AHE Z
2249 o] of of 3hri, B4 Sho] A/C API & ¥12: v} 47 29| arg-parsingoll AW of YUtk A
A E9 Ao o8] Wol AR & W4e] Faolof gk,

PyArg_ParseTuple () & 54 AAp7h 75 = P X FASA W, T2 AL C A5 F49 £
AL HAY £ GHUTH AL E FH, L2 FEFAL Ao = Hmele] dof u=E PojZ ok
a8y 245 A 2

T2 A AT BE oA AA FEE WL (borrowed) ZE Lo S AAN 2 Fx A5 E

o] 2] mh4] 4] 21

2 7HA A B
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#define PY SSIZE_T CLEAN /* Make
#include <Python.h>

"s#" use

Py _ssize_t rather than int. */

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

const char *s;
Py_ssize_t size;

ok = PyArg_ParseTuple(args, ""); /* No arguments */
/* Python call: f£() */
J
ok = PyArg_ParseTuple (args, "s", &s); /* A string */ ]
/* Possible Python call: f('whoops!') */
ok = PyArg ParseTuple(args, "1lls", &k, &1, &s); /* Two longs and a string */ ]
/* Possible Python call: f(1, 2, 'three') */
ok = PyArg_ParseTuple (args, " (ii)s#", &i, &Jj, &s, &size);
/* A pair of ints and a string, whose size is also returned */
/* Possible Python call: f((1, 2), 'three') */
J
{
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+23) */
}
J
14 Chapter 2. M|AMx} =3 glo| &% OrE 7|
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2.1.8 27 S5 2I8 F|/E= 047 Hp

PyArg_ParseTupleAndKeywords () s o337 2ol AAdg Ut

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

arg 8} format W} 7 M= PyArg_ParseTuple () &2t 54U th kwdict W 7] W& shol 4
Aol A Al AR w7} W2 A9 7l s 9 dUth kwlist Wi ] A i) HeE A0E
TALE NULL S8 55 YUTE o] 52 AFNAN L 2RO formar] F BH} LA FU. 4

o
PyArg_ParseTupleAndKeywords () & Z& Wi3sta, 18 x) ¢Foy 7}21 S uk3}al —17‘%?} |

AUk,

fo, SE ol
e (2 e @

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

H3%
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.
74
{"parrot", (PyCFunction) (void(*) (void))keywdarg_parrot,
—~KEYWORDS,
"Print a lovely skit to standard output."},
{NULL, NULL, 0, NULL} /* sentinel */

METH_VARARGS | METH_

bi

static struct PyModuleDef keywdargmodule = ({
PyModuleDef_ HEAD_INIT,
"keywdarg",
NULL,
_1,
keywdarg_methods

bi

(= sl ol A ol A1)
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(o] sl o] A ol A AI)

PyMODINIT_FUNC
PyInit_keywdarg (void)
{

return PyModule_Create (&keywdargmodule) ;
}

219 0|o|o| 7|-O 3|.7|

o] 4 PyArg_ParseTuple () o] Wl AU th, Tha 7} 2ol AAFYTh:

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

PyArg_ParseTuple () oA Q45 & A% FAHE 29 B9 S AHHA D, ARHB5 220
ofo |4 E28C 4ol A w7 ol

ohgl el ejuth = 40]1517]—0]-1/]?2-1‘/‘:%){01
A3t A ghol A A A E v )

Pyarg ParseTuple () 78] @ 747 2ol 2: 2k 3 WAl 27k 52 o] o] of 31| ¥k (o]
S5 P UTACE 722 2957 (£ YY), Py_Buildvalue () & 34 7

Ssruich. 9 ALl 5 ol 42| 2 LR AN R AT, 2
AL W None& RESHEUTH B3] 641t 271 S
7]€s}t A E vyt 2 7]71 00191

SOAAL.

=
AA (FF-S =00, 852 A3 st A grdUTh:
Py_BuildvValue ("") None
Py_BuildvValue ("i", 123) 123
Py_Buildvalue ("iii", 123, 456, 789) (123, 456, 789)
Py_BuildvValue ("s", "hello") 'hello'
Py_Buildvalue ("y", "hello") b'hello'
Py_Buildvalue ("ss", "hello", "world") ("hello', 'world')
Py_BuildvValue ("s#", "hello", 4) 'hell'
Py_BuildvValue ("y#", "hello", 4) b'hell'!
Py_Buildvalue (" () ") ()
Py_BuildvValue (" (i)", 123) (123,)
Py_BuildvValue (" (ii)", 123, 456) (123, 456)
Py_Buildvalue (" (i,1i)", 123, 456) (123, 456)
Py_Buildvalue("[i,i]", 123, 456) [123, 456]
Py_Buildvalue ("{s:i,s:i}",

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

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

2.1.10 & =x sl

CUFCt 9 22 Qojoll A, Pol A vl mele] 54 B3t @G Ao A m2 et ggguct C
ol A, malloc () 3 free () §458 AHg3ko] o] 49E S AT Th Crrol A, A4 new st delete
SR Aen 28 oiuE 4B oL AdmE Hol s Col 4P e ARG AU

Every block of memory allocated with malloc () should eventually be returned to the pool of available memory
by exactly one call to free (). Itis important to call free () at the right time. If a block’ s address is forgotten but
free () is not called for it, the memory it occupies cannot be reused until the program terminates. This is called
a memory leak. On the other hand, if a program calls free () for a block and then continues to use the block, it
creates a conflict with re-use of the block through another malloc () call. This is called using freed memory. It has
the same bad consequences as referencing uninitialized data — core dumps, wrong results, mysterious crashes.

AR o) QA AL AES BN ALAY ALY, A § B0l B vz $EE
FIoaL, o @ A4S BTk, BEL A AT 5 AUk ol Al @50l tha &7 Ag o] WA of

16 Chapter 2. H|&Hx} =3 10| EH&F OHE 7|



Extending and Embedding Python, Z2|A 3.11.14

e 245 ZA S Astel tig AALE F7Hetal 7 2710 W& E ¢ Y= F Fuh o] 7]
g2 YT o, 53 UFol Z=o FrtE w, @FE E Y ESZ At AS dov g 7] g5
Utk o3t e 4D S A TF AT A FAH A s UTh o8 22 AA TE9 72
FRo AT o] F oA, R F o] HAl AlA”e = g2 ZHE W R e 7 Qo A, 5 Sk FE A
AHE ke L E) A B E = ZEA XA T =27 dEbgUTh whebA, ol /Y ol E 29 & ol
Aekg 5ol =57 B eHA] FEF of+= Ao TPt

g}o] A& malloc () _,Jr free () & Wol Ab&st7] wj& o, W2 + A W2 A -’46}%
Aekol Ao sttt AEE W& 22 35 M| 7] (reference counting) F’/}IL tUoh Y= gtk 2

AA o= 7 H & i“%}@"’]r/} 7he- 8= A A o o g 2 7F ol A 7boll A o S 7hekaL, FE T} /\L;q]El
o ZHAFHU T 72 E 700l =2 atd, A A of o gk wpA] et 2 7F A E A o] A A7) A U Th

YA A kS 25 78] A = F (automatic garbage collection) 0] g gyt (25, ZR 34 A 75 718 A
FA Aol A, F 7R E FEE] | “AHs & B s U Tth) A 7R =719 g E S
PG free ()  BAIA R SET Ho7 vk AYUth (E o FAH o2 SE v R g

AF2- ko] 7 o] X g — o] AL 74“!8}/\}/\10] o]_H],]r/].) DAL Co AL Az 34 A7) = o)A A

TAZ QAR (T malloc () Ffree () EART F U T — o= CHEEO] AT, A=
o] A4 A+ AHE 7HAIA 3] 7] 7} ATH= ?:MD} AAZFCE S8 &3] o] A4 A= A5 7HA A
—’F%‘Jﬂ%&ﬁﬂ’“ As AUt lﬂﬂ}xl,fil%ﬂiﬁﬂ—?ﬁr@ﬂl% ofo F%"ﬂ?&‘%ﬁ}

ol H L AF A Fx 34 A7 7S AR SA T Fx 32 AA sk <& AA 7 = AFF
ol E Tl §8 Z2 AW AFAHNAYHHAN B FRE WEE A (o] A o] F=x 3 uk ALL-31Y
T 7H A R 9] Sk AuTh ol tisf 2 g skA] ekote HuUth Fx 3 (A P A7) ARl
of gt FxE xste “Zﬂi—?“ﬂ‘ﬂ/ﬁ T3] 7 A= 00] obd Fx AE Zsuth dukA <l
Az M7 FEAA = 3 AA o e F7F Fx27} gleiets Fx &3] AR ol &5k v e
3ol L3 A A FxE WEDE I+T S U5 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.

Lo Mol M EZ= Bl M7

Iz A4 Z71e A4S AP stE T /Y W2 E Py INCREF (x) & Py _DECREF (x) 7} ls54th
Py_DECREF () + 357100 =2etH AAE A7 = FUth A2 Al free () EXH IE
32 kF Ut — Al AA 2] & AA (type objec) o & T4 ZAHE B3 TE&Fh o] H4 (L
71Eh < 918 BE AAlddl& OH‘:‘Ui A ol o g 40113*;%@}%14;}
olAl & Z‘% o] dF YT AA pPy_ INCREF ( x) 9} Py_DECREF (x) & AFE U7 WA & 7}4] &ol &
2N ASsUh ol AAE <4 (ownS)”‘G}X] syt 1 2, AR HE F2E & (own a
reference)?fL—’F Ayt AA 9 "X 3 oA o 7“Zﬂ o gt FxE AFFTE FgF Uk F=x
e e F27 83 ‘E%g uj Py_DECREF () & SE3loF FUch F2 42 FAL F=ES 5
0‘—‘45} 2F3 F2E ARSE A 7HA B ol dFuth: AL, A% 2 py_DECREF () 3&. 273
F2E AE3HA FoW v R w5 7F A o
AR o o3k IR E W 2= (borrow)? %JE 7}53hyth #x 9] o o] X} (borrower) = Py_DECREF () & &<
A= S UTh tHoAt= dE 2FART H o AAE Exods FFUTE &/ AVE AR
W FRE AN A E W2 E AT 9 o] QlojA A FsloF .
Fz aFg nnTdu] A7) o)W IEE 53 /MG BE JRA F2E AT Dol glhe
AUt — &, 182 2 E AL 27 55 Al L*-J Aol gls Utk &frshe 2ol vls)
Welt Aol BHL, AuolE SNE TEAY, WAE AFA AARE F2E ARG Fo] W2
F2IFAEE 5 Qe B 3] gtk A Yy th
W F2EPy_INCREF () § &3] ARt F22 AAT 4 AF UL o] & F2E W82 &/AY
FEf el G FS v A A ‘E%Q O — A2 258 F2E UEL, AT AFA AP Ry (o] A
AfAHETE obU g A 2f- Ak RS SukE A A28 o FUth
22 Ul Gomouing)” 5= #0012 7ok SEAL U9 B2 A4S A2
Sz Sl oAl A Ae A YT — Bz 54 AAA AAD o welel 9 5 gloi A THE AR

A& 5 ggyiTh

2.1. CL} C++Z m}lo|M =t&tst7| 17



Extending and Embedding Python, Z2|A 3.11.14

E L=

ARH 7

A A2} 4 Ao DD Wit £FA0] F29) B A

so] 2 BAle] % ¢y

AA e st F2E et dFEEY T+ F2 4 27448 AU 53],
PyLong_FromLong () ©] W4 Py_Buildvalue () &} Z2 A AAE HE= VS S7A BREST= 47
AL FAA A A AUt AA7F AAZ A AA| 7} ok v etx, o 23] & A Ao th st A =9
AFdAE A5 o E £9], PyLong_FromLong () & £3] AHS5 = g WA S TR 8L 7HA] &
o o 3t 2 E QS 4+ JF U

g2 AAANA AAE FE2o+ B2 TFE F2 A 2742 23U, dE =
o] PyObject_GetAttrString(). Ly E 712 ARkA QA FHo] o &Jo]7] wjFe 1§
o] WEsR &5 PyTuple_GetItem(), PyList_GetItem(), PyDict_GetItem() %
PyDict_GetItemString() € BT FZ, g2E EE gAY oA dE F2E vskah] o}
PyImport_AddModule () &5 AA= B8l AAE s & AT LH F2E 93Uk 4
Aol 3 43 F2 7} sys.modules ol A= o} Q7] W)l 75 F Ut

A FzrETE T AGTd o, Ut o=, Fp = o2 E F2EYH YT — FREAF
3f oF &}, Py_INCREF () § AMS3to] 59 &/A7F g Uth o] &= F 7HA] 838t o9 7F 54
th: PyTuple_SetItem() 3 PyList_SetItem(). o] T2 AZH FHo hat £2/FdS AUk
— AAL A EE BtE! (PyDict_SetItem() 3 1 AFE2 AFAS ASHA G5t — o] &2 “HA”
dYh)

CE7t stojoA T2 o, SEAEREH 2 ARl tigt F= & D gtk TS+ A &
FzE awsrlmiel, ¥Y 2o £ g ieE wj7hA] g UL ol Y 2 E A%
AU AGsf|of S ul v Py INCREF () € EE310] 273 FRE wEofoF Ttk

ol Mo X TEH C oA 93 AR FxE AfS gz FUtt — 2 /AL2 Tl 24}
2 ALFE YL

AlOiS

= =20

BHR7)o Fafgh Ald FRo Abgo] FAE 4o £ = 2 7HA FF o] JdFULh o] AES BT
F2Y AFATF AR E ARSEE T 5 A= JdHZYEHY EAH 523 FH o] JF YT

71 A dofol & 7 23 A= BAE FE s FRE WP 5 Aol gl AAA
Py_DECREF () & AF&-3h= Z g Uth d& 9!

void

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

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

ol g HA list (0] S FRE VA Th3, 1list [1] S G0 Z vt a, upA|ato 2
A

A4 gL ). Fala Kol

PyList_SetItem() S 29 Alo] 82 we}r} BHAth gArEE RE F 2o
FE 1S A w g2 F5 12 A2 (dispose) o oF Ut o)A A& F= 10
Ax'agpi 7AAea, FejA7_del () MIMEES B9 Pohal o 7146 5
2o Fx A7, o] AReH _del () MMEZFESH U
gtolo g AAH A7 W&o,  del () HAEE ]9 o] F=E A

bug () o A iteme] T8 FEE LR S AU AL 5 9272 BES

AR 5 9lom, o] Ao sl A ol th g vpA et Fx et sk, 1A A v e

YA itemS FEE ok
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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) ;
s

o] 212 4] o] of7] QLT o 1 1] o] Mol iz o] W 1] M o] Zakw o] Ylow] F2Ah_del ()
W=7 A5 s o G2 Lol 7] A5 C M A A AT A7He BE U T

e Fxo] A7 e 7 HA e 2d=s 309 By durh
xﬂ ZZ},S_ Hostes A9 Fo] glojA, sto]x Az E 9 o As

T+ syt 28, i3 2 Py_BEGIN_ALLOW_THREADS & AFg§3fo] o] H& %_Mla&i oﬂﬂlsﬁ
Py_END_ALLOW_THREADSE ARE3}o] t}A] &R & 4= Q15U Tth 71 1/0

7FARHZE 7gEle 5 UE AHE Z2AAE ALE S JES FYL BY3], oS g5e
ol st e EAV AF U

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! */

dWtA o2, A FxE AR F o= T4+ NULL <

21 E]
T (e o155 5ol A S e b, A B

stwl FojE | —2— E‘}%‘Ph Yot dmH o
ol 2] 7} A P52 e 7] S8 A RENULL S WY o NULL QIARS AAFSHA] = o= dE 0l
& Al o] 2 AA E v deol dEsy vl Ayt — 24 F 7 NULLE AARIGY, S5 QAT
fol WA 7=t o] :FJ 711 APk

NULL Y 4 1% ZolE “A2 A RENULLE FAFSHE Aol 5 U ol & E0],malloc ()
A g A
U] 3 2 py_INCREF () & Py_DECREF () = NULL Z QB S AAetA] 95Ut — stx 9, 259 W3
Py_XINCREF () 2} Py_XDECREF () + <2134}

ER AR FL gty Y3 M3 & (Pytype_Check ())& NULL L E S 913817 b5t — E} l

o12] Z1eh s Wol ool AAE AAS 7] el A% AN o BE o2 W BReE L=} BolA, T
AN AR E UL NULL AALE 3l Ha o %}Q”‘:‘r-

Cos 32 WAYS2 C aol ALd AR 55 (ool A= args) ©] H NULLO] obd & H3grt
— AAE=

FA F =98 BT T,
o] % ARg-Apof| Al “mh A U 7EA” ThE = A2 Al Zhgk o 2 Y T
o]

teodEr 28d 3 FAS ALT W oY B2 FAHA Utk — o] 22 oA 3] 7]E T =4 Wol HAF YT

52
b
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2111 C++ = 7 ZHM517|

C+2 FF RES AT 5 JdFUTh R AT AN o] 44gUth vl =2 130 (o] A Qe Z ] H)
o] C 74#?434& Avds 2 F I, AR Y DG ol A A (static) AA S AT = AU Th
Hol 22 o] C++ AR FAH Bl BAZHA dFULh gdol A e zeErt &

S (E3], BE 273} )= extern "C"E AFRSlo] M A oF U T) extern "C" {...}E ¥}

oW FH HUYL BS I glHUtt—  cplusplus 7137 AW (RE A C++ AU 7}
o] 7152 Aol Fth olu] o] HAS A& 3]
2.1.12 &% D EE 25 C API M| 23517
e g nEL v go] Mo A AL T N2 L T4t FS ABEA v wE g RE) FEs e
FA RE 4285 Jd5ULh o2 So], A BEL A Y= P2rEAY AT “AAA” S
T8 4 s Uth BF golA g AE Yo B REo| PAES WS 228 4 Q1A 5= C API
7 de AAY, o) 2 ZEAM ot the 3 REA AR 22 4 Y= C TS5 F ol Yook
ot
Aol o] AL 412 AA Y BoUth B4R 48 A5 (B2 staticS AAdA] ¢w1), A A3 H
o Al§313, CAPLE A3 ek AL o 22 RE 4 2ol F4 soldl dlEj= 2Ele} g A on
aaﬂoi Attd A3tk 28U BES 25 golBy e 2 ALY, 8 REo] o H 7157} e
EoA HolA oS 4 91%144. AR ME AGFe 2 AA o] el ThE LT of | Al AHL
JM WA Z e RE 3% BE 3o A o] 2 Z7HS AL EE ulY (o & So] 99, e
N2rdHe BE I ANHo YZE HE 7|59 BES PA A7 T34} (AIX7} 3k o ),
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static int
PySpam_System (const char *command)
{

return system(command) ;

i

Ara3A 539 ek

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 Tkl

[#include <Python.h> }

e T 2€ o 278 oF gtk

#define SPAM_MODULE J

#include "spammodule.h"

#define2 3|t utdo] &
vtoz, REC] 273 5

n&ﬂ
o
o

EXREold YR Y= EE 2

19l 2] o) A8 Utk vx]
C API %91 E) W] -2 2 7] 5ha] of v oh:

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 sl el Aol A<
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return m;

(o] sl o] A ol A AI)

PySpam_API+ staticO 2 AAFH YT 28X kO pyInit_spam() ©]

AreR Y o
ZE Y HEL F Y 9Y spammodule.hol glow, th2x} 25y th:

#ifndef Py_SPAMMODULE_H
#define Py SPAMMODULE_H

#ifdef
extern "C
#endif

__cplusplus

" {

/* Header file for spammodule */

/* C APT

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 s
static Py

#else

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

ection is used when compiling spammodule.c */

Spam_System_RETURN PySpam_System PySpam_ System PROTO;

static void **PySpam API;

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

/* Return
* PyCaps
*/

-1 on error, 0 on success.
ule_Import will set an exception if there's an error.

static int
import_spam (void)

{

PySpam_API = (void **)PyCapsule_Import ("spam._ C_API", 0);
return (PySpam API != NULL) 2 0 : -1;
I3
#endif
#ifdef __cplusplus
I3
#endif
#endif /* !defined(Py_SPAMMODULE_H) */
PySpam_System () Z<oll A 25}7] 98] Sepo]AE BEo| fjof & Y& X273} 5ol A T (AH

2 3t
|2 2) import_spam () & E&3= Ao AR A Yh:

PyMODINIT_

FUNC

PyInit_client (void)

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

PyObject *m;

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

oY Fow

ah4mieh ZopA,

2 914 spammodule . h 7} tha B34t A YUt 2ejv, 7|2 2= WHE W=
Wk sh5skH g U Th

(ol o,

Rl et o 2 HE2 27175 AlestH, 53] e AFE 2AH Y yR g S & A of 75
Ty Th Al 5 A2 3ho] 21/C API 8 3 - 2 v 57 4 9] capsules A A7 g 7 H (3o A T E Wiz
Include/pycapsule.h® Objects/pycapsule.c 3d)o] AHE o] 5Tt

ol W& C B4 BE FAAA WA strI1ist B3 npRA7HA = so Zeol A 22T 4 JeMze
) REgge) Fes HHL ufz A w, Al Zets] Ao ol s s of T A%

Z Ao v 2kt 27 QI o,

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” .

webA, Al 245 Aol etelw, Al 8 AA S w5 ook gk,

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

A3z A7)0l A S A2 A A (static) B S et DS A FHAUTH

A3t oF U th C API= =3 PyType_ FromSpeC() TFTE AESI F ¥ SAF S FY T 5
o) ==

M A

Ukl o] A Aol A e A ok o,

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

typedef struct {

PyObject_HEAD

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

static PyTypeObject CustomType = {
PyVarObject_ HEAD_INIT (NULL, O0)
.tp_name = "custom.Custom",
.tp_doc = PyDoc_STR("Custom objects"),
.tp_basicsize = sizeof (CustomObject),
.tp_itemsize = 0,
(th sle] Aol Al%)
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(o] sl o] A ol A AI)
.tp_flags = Py_TPFLAGS_DEFAULT,
.tp_new = PyType_GenericNew,
bi

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

bi

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

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

Py_INCREF (&CustomType) ;

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

return m;

o A= 2 Wefl W90k & Zlo] WA, ol A G} ul5 el Mol /18 nhghth o] SAe Al A4S Aol g

Ytk

1. Whata Custom object contains: this is the Cust omOb ject struct, which is allocated once for each Cust om
instance.

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

3. How to initialize the custom module: this is the PyInit_custom function and the associated
custommodule struct.

A 22

typedef struct {
PyObject_HEAD
} CustomObject;

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

H3: PyObject HEAD WA E Fol & Alu|BEo] Itk A2 FHsHe Aol Fol A o
Avtdelt 29 A Yy

2
4z

22, ARE QU OB BF pyObject HEAD THET 9 o] 271 o el Atk o2 Sol, ®
sho] 4 floatsofl o} 3 4 2] = T 7 245 ok

N
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typedef struct {
PyObject_HEAD
double ob_fval;
} PyFloatObject;

= ) AL 8 A9 Hel g,

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

bi

Fa1: AR 22 s BEPyTypeObject BEE WE3HA] ka1 JE9] A
H19F o] C99 2EH o] A ¥ (designated) & 7] 3}AHE AHE- 8= 2 o] F5 Ut

object.hol Y= PyTypeObject o] AA| =9 YRt g2 I & 7‘%14 UrDM ==
CZud ol o8] 0oz YA H, 23R o YA o7 A AHFA] b= Zo] &

3uo] @ e w2 o2 1 g ok

[PyVarObj ect_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

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

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

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

Z3: If you want your type to be subclassable from Python, and your type has the same tp_basicsize as its
base type, you may have problems with multiple inheritance. A Python subclass of your type will have to list your
type firstin its __bases__, or else it will not be able to call your type’ s __new___ () method without getting an
error. You can avoid this problem by ensuring that your type has a larger value for tp_basicsize than its base
type does. Most of the time, this will be true anyway, because either your base type will be object, or else you
will be adding data members to your base type, and therefore increasing its size.

We set the class flags to Py_ TPFLAGS_DEFAULT.

2.2, &S Hol5h7|: REEAM 25
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[.tp_flags = Py_TPFLAGS_DEFAULT, }

BE Y2 o] 458 Foh 2o P oL FUTE Mol sol W 33744 AW wE WS BT
F7h w7k 2R shd, o Ee4 1 OR ofof Fin.

tp_doco] B EAEYS ATt

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

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

[.tpinew = PyType_GenericNew, }

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

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

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

Py_INCREF (&CustomType) ;

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

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

N

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

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

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

£ setup.pydhe F¥o 92 o oS

[$ python setup.py build }

at a shell should produce a file custom. so in a subdirectory; move to that directory and fire up Python — you
should be able to import custom and play around with Custom objects.

28 o HA G5y, 1R A) ) er

£, @7 Custom B2 18] 1 HA Rruich vlolEl 7 93 bR AR 84 Utk An SRR
¥4 Qe

ZF31: While this documentation showcases the standard distutils module for building C extensions, it is
recommended in real-world use cases to use the newer and better-maintained setuptools library. Documentation
on how to do this is out of scope for this document and can be found in the Python Packaging User’ s Guide.
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2.2.2 7|= of|x[of| dIO|E{2} HIME F7}517]

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

#define PY _SSIZE_T CLEAN
#include <Python.h>
#include "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;

}

self->number = 0;

I3
return (PyObject *) self;

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

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

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

-~

(Th= sl o] A ol A%)
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if (last) |

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

Py_XDECREF (tmp) ;

}

return 0;

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

offsetof (CustomObject,

i
bi

static PyObject *
Custom_name (CustomObject *self,

{

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

}

if (self->last == NULL) H{

PyErr_SetString (PyExc_AttributeError,
return NULL;
}

return PyUnicode_FromFormat ("%S %S",

I3

static PyMethodDef Custom_methods[] = {
{"name", (PyCFunction) Custom_name, METH_|

"Return the name,
by
{NULL}

/* Sentinel */

bi

static PyTypeObject CustomType
PyVarObject_ HEAD_INIT (NULL,
.tp_name
.tp_doc
.tp_basicsize
.tp_itemsize
.tp_flags
.tp_new Custom_new,
.tp_init (initproc) Custom_init,
.tp_dealloc = (destructor)
.tp_members Custom_members,
.tp_methods Custom_methods,

= {
0)

= "custom2.Custom",

PyDoc_STR ("Custom objects"),
sizeof (CustomObject),

Ol

Py_TPFLAGS_DEFAULT |

bi

= {

static PyModuleDef custommodule
PyModuleDef_ HEAD_INIT,

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

bi

offsetof (CustomObject,

offsetof (CustomObject,

PyObject *Py_|

self->first,

(o1 sl o] A ol A A1)

first), O,

last), O,

number), O,

UNUSED (ignored) )

"first");

"last");

self->1last);

NOARGS,

combining the first and last name"

Py_TPFLAGS_BASETYPE,

Custom_dealloc,

extension type.",

(TH5 sl el Aol A)
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(e]A sl o] A ol A A<
PyMODINIT_FUNC
PyInit_custom?2 (void)
{
PyObject *m;
if (PyType_Ready (&CustomType) < 0)
return NULL;

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

Py_INCREF (&CustomType) ;

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

return m;

ol Ao BEofl= o] 7HA MA Aol st

We’ ve added an extra include:

[#include <structmember.h> }

This include provides declarations that we use to handle attributes, as described a bit later.

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

AR F2A € v 2ol g Yt

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

} CustomObject;

olA e dlolE 7t A7) wiEoll, AA dFt D A ol &3l = AT oF Fut H 4%, EF
SiAl =7 28 3Tk

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

o]+ tp_dealloc WH ol thY Pk

[.tp_dealloc = (destructor) Custom_dealloc,

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

Z+31: CustomObject * Q1A}E FHSIEE Custom_deallocS ALY P A 9 tp_dealloc T4 £l
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Bl = PyObject * JAAFE W& 2102 7|thal7] w0l 919] destructor®28] YA A JHAEZ B Q7
Utk 282 ¢god, Aupd oA A7 3T o] Z o] CE sk AR A b A JY i

L= A o)lEo) Wl EXEE 27|FEHEE 51 Al o)A, tp_new 3 S A F YT}

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;
s
self->number = 0;
I3
return (PyObject *) self;

a2]3 I3e tp_new WH o A

[.tpinew = Custom_new, }

The tp_new handler is responsible for creating (as opposed to initializing) objects of the type. It is exposed in
Python as the __new__ () method. It is not required to define a t p_new member, and indeed many extension

types will simply reuse PyType_GenericNew () as done in the first version of the Custom type above. In this
case, we use the tp_new handler to initialize the first and 1ast attributes to non-NULL default values.

tp_newt JABA B HE BN 2ear) QAL 5 W, 9EA] CustonTyped Dot
Hehatgol g W dud 2 S A As v, Ul AsH g WAE Joz sl
tp_new A2)7)E B4 AAS AR AAE Wol ol AW, £5 AAE FAGL AR A2l &

(€S tp_initvkstolRe] init ) WA =olA dAFL

Fa: Jel =7 A5 & AolEhA, tp_news HAIHLE tp_initE TS G F Yok

tp_new T2 tp_alloc €52 T &30 R E G

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

m 2] o] Asjd o 9lojA, A7) Aell tp_alloc A37FNULL O] obd ] &3] oF gy

o

3 & tp_alloc €52 A AR &5 Utk Al pyType_Ready () 7} #] ]
(712 A 22 object YUTHAIA A43Hd o] & AgUth dRE 22 L2 7|2 I A

ZF31: If you are creating a co-operative tp_new (one that calls a base type’ s tp_new or __new__ () ), you
must not try to determine what method to call using method resolution order at runtime. Always statically determine
what type you are going to call, and call its tp_new directly, or via type—>tp_base->tp_new. If you do not
do this, Python subclasses of your type that also inherit from other Python-defined classes may not work correctly.
(Specifically, you may not be able to create instances of such subclasses without getting a TypeError.)
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Aag o) 2Age Alwste dAE Botsole 2713 o= FoFth

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

if (!PyArg ParseTupleAndKeywords (args, kwds, "|00Oi", kwlist,
&first, &last,

&self->number))
return -1;

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

}

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

}

return 0;

o] Z tp_init €X& AFYth

[.tpiinit = (initproc) Custom_init,

1

The tp_init slotis exposed in Python asthe __init__ () method. It is used to initialize an object after it’ s

created. Initializers always accept positional and keyword arguments, and they should return either 0 on success or
-1 on error.

Unlike the t p_new handler, there is no guarantee that t p_init is called at all (for example, the pickle module
by default doesn’ t call __init__ () on unpickled instances). It can also be called multiple times. Anyone can
callthe __init__ () method on our objects. For this reason, we have to be extra careful when assigning the new
attribute values. We might be tempted, for example to assign the £irst member like this:

if (first) |
Py_XDECREF (self->first);
Py_INCREF (first);
self->first = first;
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static PyMemberDef Custom_members([] = {

{"first", 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

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

static PyObject *
Custom_name (CustomObject *self, PyObject *Py_UNUSED (ignored))
{
if (self->first == NULL) {
PyErr_SetString (PyExc_AttributeError, "first");
return NULL;
I3
if (self->last == NULL) {
PyErr_SetString (PyExc_AttributeError, "last");
return NULL;
}

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

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

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

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

VA A= S Ao Mg h WA B g wE o] oF Fvk

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

bi
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(note that we used the METH_NOARGS flag to indicate that the method is expecting no arguments other than self)
Z12]3l tp_methods €% i Y FUth

[.tp_methods = Custom_methods, J

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

[.tpiflags = Py_TPFLAGS_DEFAULT | Py_TPFLAGS_BASETYPE, }

We rename PyInit_custom() to PyInit_custom?2 (), update the module name in the PyModuleDef
struct, and update the full class name in the PyTypeObject struct.

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

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

1)

223 OIO|E| HEZ|REE O MZSHA A 015171

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

#define PY_SSIZE_T CLEAN
#include <Python.h>
#include "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("");

(TH5 sl el Aol A)
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if (self->last == NULL) {
Py_DECREF (self) ;
return NULL;
}
self->number = 0;

I3
return (PyObject *) self;

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

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

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

}

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

}

return 0;

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

bi

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

Py_INCREF (self->first);

return self->first;

static int
Custom_setfirst (CustomObject *self, PyObject *value, void *closure)
{
PyObject *tmp;
if (value == NULL) {
PyErr_SetString (PyExc_TypeError, "Cannot delete the first attribute");
return -1;
I3
if (!PyUnicode_Check (value)) {
PyErr_SetString (PyExc_TypeError,
"The first attribute value must be a string");
return -1;

(TH5 sl el Aol A)
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tmp = self->first;
Py_INCREF (value) ;
self->first = value;
Py_DECREF (tmp) ;
return 0O;

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

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

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

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

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

static PyTypeObject CustomType = {
PyVarObject_ HEAD_INIT (NULL, O)
.tp_name = "custom3.Custom",
.tp_doc = PyDoc_STR("Custom objects"),
.tp_basicsize = sizeof (CustomObject),
.tp_itemsize = 0,

(TH5 sl el Aol A)
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.tp_flags = Py_TPFLAGS_DEFAULT | Py TPFLAGS_BASETYPE,
.tp_new = Custom_new,
.tp_init = (initproc) Custom_init,
.tp_dealloc = (destructor) Custom_dealloc,
.tp_members = Custom_members,
.tp_methods = Custom_methods,
.tp_getset = Custom_getsetters,
bi

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

bi

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

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

Py_INCREF (&CustomType) ;

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

return m;

A%)

To provide greater control, over the first and last attributes, we’ 11 use custom getter and setter functions.
are the functions for getting and setting the £irst attribute:

Here

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

Py_INCREF (self->first);

return self->first;

static int
Custom_setfirst (CustomObject *self, PyObject *value, wvoid *closure)
{
PyObject *tmp;
if (value == NULL) {
PyErr_SetString (PyExc_TypeError, "Cannot delete the first attribute");
return -1;
I3
if (!PyUnicode_Check (value)) {
PyErr_SetString (PyExc_TypeError,
"The first attribute value must be a string");
return -1;
I3
tmp = self->first;
(th& sl o] A ol

A%)

36 Chapter 2. ®|&Z} =7 gl0| &% o

=2




Extending and Embedding Python, Z2|A 3.11.14

(o] A | o] A oA A A %)
Py_INCREF (value) ;
self->first = value;
Py_DECREF (tmp) ;
return 0;

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

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

PyGetSetDef F+ZA9 vjgdL w5y

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

bi

183l tp_getset EF° SEFUTH

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

bi

EF AL ADHEE tp_init A 2] 7S A of Tk

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

return O;
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>>> 1 = []
>>> 1.append (1)
>>> del 1

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

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

Au)
[>
m
et
rlﬂ
b
i)

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

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

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

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

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

} CustomObject;

static int
Custom_traverse (CustomObject *self, visitproc visit, woid *arqg)

(TH5 sl el Aol Al<)
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Py_VISIT (self->first);
Py_VISIT (self->last);
return 0;

static int
Custom_clear (CustomObject *self)
{
Py_CLEAR(self->first);
Py_CLEAR(self->1last);
return 0;

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

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

CustomObject *self;

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

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

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

}
return (PyObject *) self;

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

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

return -1;

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

}

if (last) {

(TH5 sl el Aol A)
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tmp = self->last;
Py_INCREF (last);
self->last = last;
Py_DECREF (tmp) ;

}

return 0;

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)

{
if (value == NULL) {

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

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)

{
if (value == NULL) {

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

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

’

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

(TH5 sl el Aol A)
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return O;
I3
static PyGetSetDef Custom_getsetters[] = {
{"first", (getter) Custom _getfirst, (setter) Custom_setfirst,
"first name", NULL},
{"last", (getter) Custom_getlast, (setter) Custom_setlast,

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

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

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

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

bi

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

.tp_init = (initproc) Custom_init,

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

.tp_methods = Custom_methods,
.tp_getset = Custom_getsetters,
bi

static PyModuleDef custommodule = {
PyModuleDef_ HEAD_INIT,

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

bi

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

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

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

(TH5 sl el Aol A)
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Py_DECREF (&CustomType) ;
Py_DECREF (m) ;
return NULL;

return m;
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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;
I3
if (self->last) {
vret = visit (self->last, arg);
if (vret != 0)
return vret;
I3

return 0;

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

gho] &2 visit T4 & A5 33t Py_VISIT() A2 E AlFFUth py_VISIT() & AHE-3HH,
Custom_traverseo| A FE&F F& a3+ 4 JdH5Yth

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

Py _VISIT (self->first);

Py _VISIT (self->last);

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

tmp = self->first;
self->first = NULL;
Py_XDECREF (tmp) ;
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static void
Custom_dealloc (CustomObject *self)
{
PyObject_GC_UnTrack (self);
Custom_clear (self);
Py_TYPE (self)->tp_free ((PyObject *) self);

Finally, we add the Py_TPFLAGS_HAVE_ GC flag to the class flags:

[.tp_flags = Py_TPFLAGS_DEFAULT | Py_TPFLAGS_BASETYPE | Py_TPFLAGS_HAVE_GC, }
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In this example we will create a SubList type that inherits from the built-in 1ist type. The new type will

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

th. &gl 28 PyTypeObject & A AHEE & 9l
T R2E 7t O] 23l PyTypeObject FRAZE F-73}17]

>>> 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 sl el Aol A)
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static PyObject *
SubList_increment (SubListObject *self, PyObject *unused)

{

self->statet++;
return PyLong_ FromLong (self->state);

}

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

bi

static int
SubList_init (SubListObject *self, PyObject *args, PyObject *kwds)

{

if (PyList_Type.tp_init ((PyObject *) self, args, kwds) < 0)
return -1;

self->state = 0;

return 0O;

static PyTypeObject SubListType = {

bi

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,

static PyModuleDef sublistmodule = {

bi

PyModuleDef HEAD_INIT,

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

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;

(o] sl o] A ol A AI)
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As you can see, the source code closely resembles the Custom examples in previous sections. We will break down
the main differences between them.

typedef struct {
PyListObject list;
int state;

} SubListObject;

TP AA ] F 8 Aol AL wo]ag ] A F2AN7E A WA gholofof gttt AUt Wl o] ~F 2
o] x| &} A% FFol PyObject _HEAD () & Ef‘é} Tk

When a Python objectisa SubList instance, its PyObject * pointer can be safely casttoboth PyListObject
* and SubListObject *:

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

We see above how to call through tothe __init__ () method of the base type.

°l o EH -2 A2 9 tp new?}tp_dealloc HHE 2+ FS A4S u] T 2FYTH tp_new A ] 7]
£ AAZ tp_allocs AHE3to] A 9] M2 & whs ] L1, Wl ol& S A7F A tp_newd 2 &3}
o A 2]t =5 of oF futh
PyTypeObject FZ A= o FAwol~ AE

Antdy FAE A3, pyList_Typeol et Fx 2 sl Z=E A H A= +
2713} ghgroll A 4= 3 oF gtk

PyMODINIT_FUNC

PyInit_sublist (void)
{

PyObject* m;

SubListType.tp_base = &PyList_Type;

if (PyType_Ready (&SubListType) < 0)
return NULL;

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

Py_INCREF (&SubListType) ;

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

return m;

PyType_Ready () & £&317] doll, @ FZ2A 0l tp_base €F o] MY A oo Ayt 7|& < 3
A& u, PyType_GenericNew () 2 tp_alloc €5 S A 2o = gFUt-wo|2g e a7}

A8y

After that, calling PyType_Ready () and adding the type object to the module is the same as with the basic
Custom examples.
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2.3 =™ Folst7]: of2] 7Hx] FH|

o] AN TRAL 5 A ET G wlM =S 2 0] Sk doll disl Fo RIS AlE sty A3 Ad YT
T2 U L A=l et AR5 = 8 =7 A= PyTypeObject o F o Y th:

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

/* Methods to implement standard operations */

destructor tp_dealloc;

Py_ssize_t tp_vectorcall offset;

getattrfunc tp_getattr;

setattrfunc tp_setattr;

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

reprfunc tp_repr;

/* Method suites for standard classes */

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

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

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

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

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

const char *tp_doc; /* Documentation string */

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

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

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

/* weak reference enabler */
Py_ssize_t tp_weaklistoffset;

/* Iterators */
getiterfunc tp_iter;
iternextfunc tp_iternext;

/* Attribute descriptor and subclassing stuff */
(Th= o] A ol A<)
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struct PyMethodDef *tp_methods;
struct PyMemberDef *tp_members;
struct PyGetSetDef *tp_getset;

// Strong reference on a heap 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;
inquiry tp_is_gc;
PyObject *tp_bases;
PyObject *tp_mro;
PyObject *tp_cache;
PyObject *tp_subclasses;
PyObject *tp_weaklist;
destructor tp_del;

/* Low-level free

/* Type attribute cache version tag.

unsigned int tp_version_tag;

destructor tp_finalize;
vectorcallfunc tp_vectorcall;

} PyTypeObject;

(o] sl o] A ol A AI)

borrowed reference on a static type

-memory routine */
/* For PyObject_IS_GC */

/* method resolution order */

Added in version 2.6 */
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[const char *tp_name; /* For printing */
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[Py_ssize_t tp_basicsize, tp_itemsize; /* For allocation */

ol A& o] P A AAZF A o @I MR ¢S dERdel ¢ F YT ol 7He d o]
z (A7 2: BAY, RE) o) A9 WFst e v, olul tp_itemsize BE7F Fo k.

o) e HFol o AYUnh

[const char *tp_doc;

7)ol Fo| W AAYEobj. _doc__ & F2 A FAERE Ad o] HAT EAL(EE EA L)

F4)8 98 5 JHUTh

o[ A 714 3 wA =) thaf Ao HAFUTH- tFEY] AP o] 1T AEYUTh
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2.3.1 mjlo|de|x|o|Mn} eek sHx|

[destructor tp_dealloc; }

ol T PO A" A FX JAFVM00 2 ZojEaL o] AHz 7 1A S &Lt T
o SEPYch o HE 6301] A MR 7 AAY B 7 e Fe ZAYGe] Ao, A7 de
AsUTh AA AA = oA 7| A s Al oF U Th o] &9 o= o2 Z5 U th

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

ol 7 A A S A dstd, 3 A @ BEE A-9-7] Aol PyObject_GC_UnTrack () & 2&3

oF gy k-

static void
newdatatype_dealloc (newdatatypeobject *obj)

{

PyObject_GC_UnTrack (obj) ;
Py_CLEAR (obj->other_obj);

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

St A g 23 27 A F AU AF A ALY E I E G A Folof sttt
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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) ;

I3
Py_TYPE (obj) —>tp_free ((PyObject*)self);
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FaL: 7oAl Fpol A HdstA 8T = A= APl Aol A5tk WA, Fo] 7 A £ AE
A Y8 (tp_traverse “]/‘Ihtp clear® /\}—Q-OH/H) tp_deallocol Z&2 uj Z xﬂ./] Qg w7}
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reprfunc tp_repr;
reprfunc tp_str;
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static PyObject *
newdatatype_repr (newdatatypeobject * obj)
{
return PyUnicode_FromFormat ("Repr-ified newdatatype{{size:%d}}",
obj—>obj_UnderlyingDatatypePtr->size);
}

tp_repr A 17k A A hod, AIH =B = G tp_nanet AA S If A & A8
A2 AT

tp_str A2 7]= str () ol thg ZolaL, §oll A "‘ﬂi“’é?}tp_repr A 2] 7] ek repr () 7] HA 22

BAYUTE; 5, o] TEA AA S ARBRA A stx () £ 5220 2Pk AL tp_repr
SHo} vl § AL A B, A EA DS Abgho] A8817] 918 AQUTh tp_strg AASA Fow

tp_repr A2 7]7} B4l AL2H UL}
the-o Zrekel o Uik

static PyObject *
newdatatype_str (newdatatypeobject * obj)
{
return PyUnicode_FromFormat ("Stringified newdatatype{{size:%d}}",
obj—>obj_UnderlyingDatatypePtr->size);
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2.3.3 O{EE|RE #z|

JEYHEES AAY 4 ik BE Aol s, 3F L o] =2 HE 7} A HH = (resolved) B L A ]
St G2 AFHoF FUTh o= HES AW 5 At F5oh (A7 o H o] k), o= RES
AAshe O B4 (2 BE Aol 38 AThE) 7 glofof Y Th o B HE A AL 508 A 5ol

m, A2 7)o Agd A ghol NuLL Ytk

gho]2l& o] o m 2 HE )7 & ATk o B REE ARG Fo Ao FHw TASH
Uk Ao HL & HL o] EPRE o] S char* 2 A5, ThE AL PyObject * & WobE Atk
ARtk 2 P 7] Bolol B AV AS AT 5 YU

getattrfunc tp_getattr; /* char * version */

setattrfunc tp_setattr;

/% ooo ¥f

getattrofunc tp_getattro; /* PyObject * version */

setattrofunc tp_setattro;

AA 9] o E2 HE o] AN AT o] G4 7hehE Astelw (7] AT AP, o B HE B
F49] Byobject * MAL A B B ST 5 gl AuA el 2Ho] 5 sho]H 2258 §
O EPHE A2 Aol thgt AR BLAL A $ds] AtAA W, S A5 B AL duk v AT ES
AgehE s AN A ke A7 vl g5 T

HE OEZRE 2|

HEEY FgYe D o= HEW ASHUTh IR0, 2 HES 1A BEE AL
2GR FHeoF S B A 24T Y&t
I. PyType_Ready () 7} 29 Wl o =2 =9] o] 52 Fo}o} gtk

2 JERRES BAUAFNLL /IS SRA AU DA GO G MO 2HE
814 gpote g ek,

o] 552 o= HE @, G ANSHE AH EE F H ol AL P ABL FA el

R34 A 2.

PyType_Ready () 7} £ ul, & AR 7} #2315 3709) Hlo| 2L A48 3he] & AR SA el
WAE L O~ g WU 2 A E A28 AR & o Ee R e et O~
Ao g Th 7 ol Be AW AT Al /) R/ nunLol , Bo) AR AL o] AF oA A H

oEZHEW ZHA W, tp_getattro tp_setattro EE NULLE YA Fo]lofn|o]Ad o] o]E
A<

b
PRES AT dsdch
HolEL 3 Ao M Tz AAF YL

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

tp_methods 7} NULL©] o}Y ¥, PyMethodDef T2 A9 wj S Frx sl of gt H ol &9 ZF FH2

Y RS- EX i)

typedef struct PyMethodDef {

const char *ml_name; /* method name */

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

const char *ml_doc; /* docstring */

} PyMethodDef;

PolA A w5 = ZF w20 thaf shte] 52 Ao sl of Futh; vlo]aF oA A5 WA o=
o] e skA] FFuth vpA o) shute] 27 FEol Do Fch i £ LJ'E]'LH% Al ] (sentinel)
Juch AlE] Qe ml_name ¥ =+ NULL O] o] of g th
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oA HolBe damse] A Hlol ol A% HE = o Ee|BES Ao st o A8 YTk
Chba )8 CPol AU T, AALE A7 AEOIAY A0 2D 5 BTk ol Be] FEA L
ke 2ol Bel gy

typedef struct PyMemberDef ({
const char *name;

int type;
int offset;
int flags;

const char *doc;
} PyMemberDef;

For each entry in the table, a descriptor will be constructed and added to the type which will be able to extract a value
from the instance structure. The t ype field should contain one of the type codes defined in the st ructmember.h
header; the value will be used to determine how to convert Python values to and from C values. The f1ags field is
used to store flags which control how the attribute can be accessed.

The following flag constants are defined in st ructmember . h; they may be combined using bitwise-OR.

Constant Meaning

READONLY Never writable.
PY AUDIT READ Emitanobject._ 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.

An interesting advantage of using the t p_members table to build descriptors that are used at runtime is that any
attribute defined this way can have an associated doc string simply by providing the text in the table. An application
can use the introspection API to retrieve the descriptor from the class object, and get the doc string usingits __doc___
attribute.

tp_methods H o] E3} v} X712 2, m1_name Fto] NULLQ Al g d g2 o] & 2 3},

ZFeH3) 57] 9181, char* WAl g o] 7194 o] Al F L Tk name w7} W] Fo] AlE]s o] 29| char+ 9}
PyObject* WAl 7b9] A& ol AUtk o] A& A9 W oA Epa 02 e AL S+
Ak, shol 1 2.20] F718 M8 AL AHEHA dHUTh A7 Bt EEHE AL Agstng,

7152 Bel of Brhel, 7912 sl of @A ola| @ 4 9 ATk,

HAE} B S J/}@
o€ ot Z2Fyth

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

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

return NULL;
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tp_setattr B 7= FHYP2 A2EHA9  setattr_ () o]v}__delattr_ () HIAE =
2R, SRS s ol S A A o) W ool HUE, e 969 o
A 7] = A U)ol Aol AE=E 04345'—0] Yot A5, tp_setattr A 2] 7] &= NULLE 4
ol oF gL .

b

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 H2|7]= ¥a7t B2 of TEFH Uk 1t () 2 2 FHE vl WA =0
3] 23}, PyObject _RichCompare () £ PyObject_RichCompareBool () o &A= &

o] Fr= 7 7He] shol A AA & AXALE QAR AHSte] TEH Ut of 7|4 4Rk Py_EQ, Py NE,
Py_LE,Py_GE,Py_LT B+ Py _GT F st Uth AF A AR F AA| & v sl v] ol /355t
Py_TrueW Py Falsed, Hla7} 7AH A gFkow thE A2 vl =S A =sf o dtte A=
UER 21 Py_NotImplementedE, o7} A A ¥ ¥ NULL S ¥HEhkaf of ] th.

W QB e 2717 Zow drka sk ol HFel g A4S TAL e 2E Utk

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

PyObject *result;

int ¢, sizel, size2;

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

sizel = objl->obj_UnderlyingDatatypePtr->size;
size2 = obj2->0bj_UnderlyingDatatypePtr->size;

switch (op) {

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

}

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

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

o 82 AA7 A, A/l B vjd AAAYH IS E 5t W, C¥ PyNumberMethods,
PySequenceMethods =+ PyMappingMethods =gpd Al zAe FaE MAZ Y ©]
TEAE AL FoR A9 AL oI LY A QY] o] w22 2] Objects U E g of A
ol 77zt ARE o & ZHE %1%‘4‘3}
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[hashfunc tp_hash;

012 3to] AF 3712 AT, o Pk HlolE o] Axu ol theh AN S AE WA ok T,
go e o gk

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;

J

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

[ternaryfunc tp_call; }

ol g olHEY /‘E"V}“i"” o 55 143} o & 50, 0bj1o] Ho|EF Y AR A0 qL
gto]H AT HE objl ('hello') 7k ZF ] J W tp_call A 7|7t S&H T

o] T4t Al 7l AAE H T T

_kﬁ

1. self= 29 thAQd o5 a9 AAEAUTE E29] objl('hello') oW, self= objl Y
Utk

2. argse 32N AT AAE TASHE FEAUD pyarg_parseTuple () & A 3o] A48 22
tﬂ‘* 01/‘L]C}

5 b G A1 AR GAUE D o] 20l 0L o3 RS A A A3
PyArg_ParseTupleAndKeywords () & A& 3Fo] <l ZZ23AA L. 7)1 ¥ E AAE 2 YE}A
9k31 o] Z o] NULL ] o}, 7|9 = o_zm 295 A ?%t The WA 2] &} 3| TypeError & A8
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T3 tp_call +EL 3 25 Uch

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

(TH5 sl el Aol A)
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(o1 sl o] A ol A Al <5)
PyObject *result;
const char *argl;
const char *arg2;
const char *arg3;

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

I3

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;
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weakref BEO| thsk A A.
For an object to be weakly referencable, the extension type must do two things:

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. Setthe tp_weaklistoffset type member to the offset of the aforementioned field in the C object struc-
ture, so that the interpreter knows how to access and modify that field.

Concretely, here is how a trivial object structure would be augmented with the required field:
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typedef struct {

PyObject_HEAD

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

And the corresponding member in the statically declared type object:

static PyTypeObject TrivialType = {
PyVarObject_ HEAD_INIT (NULL, O0)
/* ... other members omitted for brevity ... */
.tp_weaklistoffset = offsetof(TrivialObject, weakreflist),
bi

The only further addition is that tp_dealloc needs to clear any weak references (by -calling
PyObject_ClearWeakRefs ()) if the field is non-NULL:

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

E F4 A L. Objects
gageg 2 o] 535, C £}, tp_richcompare)
2 AAFAA 9. PR E B oA F 2
AA 77 FQA FY A AR g3l of 81H, PyObject_TypeCheck () T8 AHE3HA Al
L. A e o 25y th

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

| ®17]:

CPython 22 P A& TI2E =314 4] L.
https://www.python.org/downloads/source/

GitHub ¢] CPython Z 2 A € CPython &4 F &7} 7 E &= 3L,
https://github.com/python/cpython
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.pyd).
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To be importable, the shared library must be available on PYTHONPATH, and must be named after the module name,
with an appropriate extension. When using distutils, the correct filename is generated automatically.
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PyObject *PyInit_modulename (void)

GRS 27|39 RE oYU PyModuleDef QA2EHAE WSS T AFA 8F Y] &2 initializing-modules &
BN L

ASCIIE R} o] F o] X °] = 7RI 259 A%, &9 o] 5= PyInit_<modulename> o] o] of g}, o
714 <modulename>S &5 o] &2 Z X2t} multi-phase-initialization S A} &k w] ASCII 7} o d
BE o]0 §8H Ytk ] b g0 yInitU_<modulename>©] ¥ <modulename>
= FFo] 1 9] punycode AT G L7 JAFYH 1 slo] T2 LEE A Gy th ol o A:

llf
rlo -
g7

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

¥ 2718} §4& 9 o] U FF ehol nef ol A ole] BES H D 5 AFUTH T, o] 52
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2.4.1 Building C and C++ Extensions with distutils
Extension modules can be built using distutils, which is included in Python. Since distutils also supports creation of
binary packages, users don’ t necessarily need a compiler and distutils to install the extension.

A distutils package contains a driver script, setup . py. This is a plain Python file, which, in the most simple case,
could look like this:

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])

With this setup . py, and a file demo . ¢, running

[python setup.py build }

will compile demo . ¢, and produce an extension module named demo in the build directory. Depending on the
system, the module file will end up in a subdirectory build/1lib. system, and may have a name like demo. so
or demo.pyd.

In the setup. py, all execution is performed by calling the set up function. This takes a variable number of key-
word arguments, of which the example above uses only a subset. Specifically, the example specifies meta-information
to build packages, and it specifies the contents of the package. Normally, a package will contain additional mod-
ules, like Python source modules, documentation, subpackages, etc. Please refer to the distutils documentation in
distutils-index to learn more about the features of distutils; this section explains building extension modules only.

It is common to pre-compute arguments to setup (), to better structure the driver script. In the example above,
the ext_modules argument to setup () is a list of extension modules, each of which is an instance of the
Extension. In the example, the instance defines an extension named demo which is build by compiling a single
source file, demo. c.

In many cases, building an extension is more complex, since additional preprocessor defines and libraries may be
needed. This is demonstrated in the example below.
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from distutils.core import setup, Extension

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

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

version = '1.0",

description = 'This is a demo package',

author = 'Martin v. Loewis',

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

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

long_description = '''
This is really just a demo package.

v

ext_modules = [modulel])

In this example, setup () is called with additional meta-information, which is recommended when distribution
packages have to be built. For the extension itself, it specifies preprocessor defines, include directories, library direc-
tories, and libraries. Depending on the compiler, distutils passes this information in different ways to the compiler.

For example, on Unix, this may result in the compilation commands

gcc -DNDEBUG -g -03 -Wall -Wstrict-prototypes —-fPIC -DMAJOR_VERSION=1 -DMINOR__

—VERSION=0 -I/usr/local/include -I/usr/local/include/python2.2 -c demo.c -o build/

—temp.linux-1686-2.2/demo.o

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

—1linux-1686-2.2/demo.so

These lines are for demonstration purposes only; distutils users should trust that distutils gets the invocations right.

2.4.2 Distributing your extension modules

When an extension has been successfully built, there are three ways to use it.

End-users will typically want to install the module, they do so by running

[python setup.py install

Module maintainers should produce source packages; to do so, they run

[python setup.py sdist

In some cases, additional files need to be included in a source distribution; this is done through a MANIFEST. in

file; see manifest for details.

If the source distribution has been built successfully, maintainers can also create binary distributions. Depending on

the platform, one of the following commands can be used to do so.

python setup.py bdist_rpm
python setup.py bdist_dumb
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There are two approaches to building extension modules on Windows, just as there are on Unix: use the distutils
package to control the build process, or do things manually. The distutils approach works well for most extensions;
documentation on using distutils to build and package extension modules is available in distutils-index. If you
find you really need to do things manually, it may be instructive to study the project file for the winsound standard
library module.
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#define PY_SSIZE_T_ CLEAN
#include <Python.h>

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

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

}

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

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

if (Py_FinalizeEx () < 0) {

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

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

int

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

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

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

Py_Initialize();
pName = PyUnicode_DecodeFSDefault (argv[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; ++i) A
pValue = Pylong_FromLong (atoi (argv[i + 31));
if (!pvalue) {
Py_DECREF (pArgs) ;
Py_DECREF (pModule) ;
fprintf (stderr, "Cannot convert argument\n")
return 1;
I3
/* 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 ();
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fprintf (stderr,"Call failed\n")
return 1;

}
else {
if (PyErr_Occurred())
PyErr_Print ();
fprintf (stderr, "Cannot find function \"%s\"\n", argv[2]);
}
Py_XDECREF (pFunc) ;
Py_DECREF (pModule) ;
I3
else {
PyErr_Print () ;
fprintf (stderr, "Failed to load \"%s\"\n", argv[1]);
return 1;
I3
if (Py_FinalizeEx () < 0) {
return 120;
I3

return 0;
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def multiply(a,b):

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

89 Ak The ) okl gtk

$ call multiply multiply 3 2
Will compute 3 times 2
Result of call: 6
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Py Initialize();

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

After initializing the interpreter, the script is loaded using PyImport_Import (). This routine needs a Python
string as its argument, which is constructed using the PyUnicode_FromString () data conversion routine.

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

if (pFunc && PyCallable_ Check (pFunc)) {

}
Py_XDECREF (pFunc) ;

At A~zaHEZEEE W, 2871 31 9 o] 20 PyObject_GetAttrString() & AH-g-3ho] A
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[pValue = PyObject_CallObject (pFunc, pArgs); }
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Zh5), Ak ol W A2 A4S AN Fol Mol A SRR AM AT S YES QD HEE
A4S A 2. oS B

static int numargs=0;

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

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

bi

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

bi

static PyObject*
PyInit_emb (void)

return PyModule_Create (&EmbModule) ;

o

EEmain() & HEE 9o AFJIAA . B Py Initialize () ofl 3t 25 Aol th& +
A

L EREE

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

3.1. C}2 22 == 1ol TH0|4M LHEHS}T| 65
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3.1.5 C++ 2 IlO|M LHZESI7|

sho] M€ Co+ =2 2ol WS A% ZHs FUTH o Zo] o @A 8% =4 = A8 Crt A 289
AR Appel gel 9gUTh QUAOR Crax Q) T2 IR AT, Crr P31 A2l B A1§3]
=2 39L A5k = T8 oF FUTh Crr2 AHE 3] shol A A& ThAl 9L T Ba s f&UTh

w
>
30
IC
[>
)
e
>
[>
1
2
x

M
Eﬂ
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W
9'2
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oo
oho

lm [kl

2ol Wagstr] Sl
’31 alo] & o] 2pAlof A
T,

Zo gy, A2 dato] dHZ WA H pythonX. Y-config AT HE
—config AT PELE AL 75T 4 YJS5UTH. o] 2T HE = oy
o ofeiio] 44§ ALk

-config --cflagst AL dufjo 4 ZH21E ATFYUch

o
o
2o
fr o,
52 [kl
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S
¥
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e
)

o~ to
o,
N

-

2
0y
ok
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I
fjr
L0
rlr
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o)
o
[
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of

y
o I
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¢
-
(
oL

o,
2
4o
o

lm o

ol T
30, 1o o, o

4 fE‘ fu
>
©
oy
Y
Ml
o)
[

e
<
it
=g
0
=
W

b

o
=
Oofy

oo mjir e, AL &L
i fo td L
fn

2o

o
— 0
do T

AR}
N

rlo

pa)

[

=

« pythonX.

p
$ /opt/bin/python3.11-config —--cflags

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

L

pythonX.Y-config --ldflags --embed+ H3I S ujo] dF 21 &5 AFTY )

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

3 ofe] sl A 2] 7o) (53] A28 shol Mzt of e o] 43 AUk sho] A 2he)) EAL 33
, 919] o9} Zo] pythonX. y-config? At A2 E A3 2o 25Ut

(o

o A clEl 8 A 43
SUTh AW, 1 B S Bl
o

MakeflleJJ—(JHX]E zko 7 ,_sysconflg g et makeflle filename () & A2 SHAA| L) ATt Y
4% 2A9oF LI olul, syscontis REE el Eel AL 24 G 2u Y PAow

FEsted FET =FdUH dE =

>>> import sysconfig

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

>>> sysconfig.get_config var ('LINKFORSHARED')
'-Xlinker -export-dynamic'
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0[0
<
bl

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

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

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

e Ellipsis WZ A4,
2to3

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

2to3 is available in the standard library as 1ib2to3; a standalone entry point is provided as Tools/
scripts/2to3. See 2to3-reference.

abstract base class (34} Wo]| A~ S| A)

FAWlol& e A& hasattr () 22 OHE H]EE'% ol EHGAY v HHA Z5H (&

UHX‘ HAE) A, A H o]~ Ao ot S ATT RN Y Efo]d & BagTh ABC‘— 7}
AXE ZYAE =Yde, FHAE ASHX H A% isinstance () 2 issubclass ()
°ﬂ os) AAE - e ZN2EY YT abe B 5 ABYAE BHA 8. EJrOM‘iOﬂ‘: @2 U ABC
ol Mt 3 22 250 dFUTh: A8 7 X (collections.abc EEAA), A}
(numbers R E0l|A]), —/QE%] (io ZEEA, 92 E Joe} 2 (importlib.abc RElA]).
abc BE& AFSa A A4l RS ABCE THE =5 s Ut

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

CSEDIEIE
B0 e A A 2hol AT 5 G, A W, Te 54
E

&3
[o
_EL

219 fg o S|
HolHde 4 2E, Zd2, &49 _ annotations_ EF oJEZE

2)
o] 715L AWt W4 o] .H o] A, 34 o] .- E] o] 41, PEP 484, PEP 5262 32314 2. o] H] o]
A Zr ol o 3k =¥ Abg = annotations-howto S 22 34| &

°

YrE YW 95 (LA D) 2 A g T R AT AF Uk
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719 = Q1) (keyword argument): T = uf] 2127} ko]l -2 Q1 A} (A & £9], name=) =+
*x F ko 2 g R AeEE = Ak ol S0, b Z2 complex () TEAA 334
5% BT 719 E AdYh:

U]o

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

o Y X] AR} (positional argument): 71 = A A}F7} ofd Q1 x} &
U AL ol B 2] E o goll * & B AT 5 st 9o
35 e wT R AR,

‘complex(3, 5) J

complex (* (3, 5))

AAbE H}DH l% A A tigdg Ut o] thFoll A8 & FF S0l thsfi A=
2E HA L. o7, od @0l AAE AEE = YFUTh PR Fhol A Mol
RIeE=Re

ol w7l FEHFAQ A& A v M 4=2] Afo] 2 PEP 3625 H A2

asynchronous context manager (B] % 7] A€ A& &2z}

__aenter__ () &} __aexit_ () MIAE=EE AT O ZH async with BoA Hol= &2 A
o] sl= AA|. PEP 4922 =5 g5 Uch

asynchronous generator (B8] 7] A& o] E])
H5 7] Al e el olgdl oy & FE T async def & Bo5 = ZFH T, F Ho
<tl, async for F27} /\P%E‘ S Je L FES VEEyield BFA L £2FITHE Ho)
tE YT

BE w57 AU delE §52 A AW, ol @ o] 4 w7 AV ol E o EdolE &
AR o E e ol ul 7l WasA) 9 A9, HAT GOl B AN BERE YA o

v 57 AlvEolg g4 await EH A asyne for 3} asyne with & 288 4 5

U,

asynchronous generator iterator (8]% 7] A& o] €] o]€] & o] €])
u] 5 7] Al e ol B 47k BE e AL

—

HlE 7] ol E ol E vl __anext_ () & T=35HW 0191 oJHE AAE EH T, o A2 U=
yield &2 742 v 7] AV dl ol ¥ g9 vit] & A gt
Each yield temporarily suspends processing, remembering the location execution state (including local vari-

ables and pending try-statements). When the asynchronous generator iterator effectively resumes with another
awaitable returned by __anext__ (), it picks up where it left off. See PEP 492 and PEP 525.

asynchronous iterable (8] % 7] o]g] 2] &)
async for ZolA AR 5 = AA. _aiter () WINEE HlE7] olH e olH & E8F oF

gtk PEP 492 2 % 95 95Ut}

asynchronous iterator (8]% 7] o] €] & o] €])

__aiter_ () & _anext_ () I EE FH3= AA. __anext_ () = oS HE AAE
EFHoF Ut} async for+ StopAsyncIteration 927} @A E w71 v]5 7] o] & g 9]
B9 __anext_ () WAEZIE8FE oslolHES FUTh PEP 4922 == A5 Ut

attribute (o] E 2| H E)
T3] RIS A= ol 5o = FxT
€ 7HA W, 0.aA 8 FRF YT

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

awaitable (o] $Jjo|E] &)
await @A ARGT 5 = AA|. ZFH oy __await_ () WIAEE ZH AAI7LHE 5 Qs
Ut} PEP 4925 H A 8.

AA ok A3t gk & S01, AA o7} o) ER|HEa

rlr
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binary file (v} o] 2] =}

)
WOl =R AA S 93 & 4 A 9 A4, vholviel 3hlel of 2 vpol il BE (rby,
"wb' ¥ 'rb+') 2 € ¥ 9Y, sys.stdin.buffer, sys.stdout .buffer, io.BytesIO &
gzip.GzipFile o] A2EHAE & F JFYtTh
str ARE QT2 5 G 3 AR DAL 64 5 ® BEs 8.

3
borrowed reference (" & % 3%)
In Python’ s C API, a borrowed reference is a reference to an object, where the code using the object does not
own the reference. It becomes a dangling pointer if the object is destroyed. For example, a garbage collection
can remove the last strong reference to the object and so destroy it.

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

bytes-like object (W}o] & Q& 7))

bufferobjects & X Q3L C-A< HHE X E & ¢ 9l5 T o —'Ememoryxuew AA =
E 20|31l bytes, bytearray, array.array A5 43U} vHlo]|EEF AR &L v}o)
g tolH & tF £ oy 71K Ad4tsdd AMEE £ JdFUth 45, vielv g Y2 A, A7
AL E2 74:0] AT

o A4t viojuvi g dlolE 7 7h A A Z 87 5 Uth o] Ao ABA= FF “¢lal-
27 vfol EG 7 A" gt A F YT 7 W A9 d 2= bytearray i}bytearray 9
memoryview 7} 55U Th T2 A4ALE2 vtojy g HlolH 7 B AA (“917] A& vl EEF
WA ol AFEE=F 7Ytk old ZE9] 92+ bytes® bytes A 2] memoryview 7}

91Ut

bytecode (H}o]E F &)
ol A~ FEFHlo|E FER e =, CPython AE z g oA Tho] A =2 13 Y §
HHAYYTH vlo|E I E+= Lpyc 3ol A Hof, 22 314 S F AR AP T uf o] WA A v
Utk (oA H]'O] ‘:EJ AAsL S -’46]’/\ AFYTLH. o] “FZFAo” = ZHlo] E T =9
-3t 71 AE A= 71 7 A A Aot 23Ut vlolE I == A E ThE Tfol s
7Hd 1A A e ALz 7R &, «4’0155 v 32 Zhel] Qb A o] A = gkt Aol Fo 3 o
.

ufo| & 3= w ol

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

tlo % rlo

i

ol B2 dis BE 4ol gt

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

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

callback (&)
Ax12 AL & v)ee] o= Aol A AW A= 2E P4

class (Z|»)
M-SR ALY AAE
EHANAEAYES
class variable (28] A ¥4

SehzolM B FeHlA 2 (5, 22 AT 20X 7 ofy ) ol MRt A= & M.

complex number (&4 4)
AT A AL APA, DE SAIL AR FR
Aol B4 w9 (-19] ABD) B BH AAU, TF AL |
shol e Al £/ WS 2L Has s /1B A AT 5

b o
o ¢
5

AW

o
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context manager ( Z—l_E_‘lé.E. &2l A
An object which controls the environment seen in a with statement by defining _ enter_ () and
__exit_ () methods. See PEP 343.

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

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

coroutine (ZFHE)
2 quzee) o duse Fe Uk Ar2ae A PN A ekw o
%EMD}. FAFEL2 o thE A Aol A J Y8t % &L, AN 5 s YT ol A=
def Bo 2 T 4 95U th PEP 4925 H A 8.

coroutine function (Z &€l g42)
17 AAE FFE A5 29U Pt asyne def FO2 HOD 913, await Sasync
for&async with Z|9JEE 23 5 Qls5UTH o] 2152 PEP 492 o] &3] =45 54 th

CPython
gtolW =& 1) ololo FHA 13 ?jtﬂ python.org®| Al Wi g Yt} o]
IronPython 7} 2+-& th& 2157 7 F 2 7} 915 uf 8-0f “CPython” ©] A}
decorator (t] 2.2 o] €])
g2 s EgFE g4, BE urapper B HS AFR S S AZto g Aot g2
o] EH EG& o= classmethod () ¥ staticmethod () YUt
diZeoly 232 &4 do] 2 d #IUth o F 5 A= onder 55 Uth

s N

def f (arg):

782 Jython ©] L}
U,

f = staticmethod (f)

@staticmethod
def f (arqg):

L

22 hdol Eel ol EA AR, & A5 2quUnt. v Z ol B ofl th e 5 AA T 82 T
ol e Ses Ho o AYAE B Fyth

descriptor (] A~ 3¢ Ei)

MAS gt () ol _set _0 oM _delete () & ASlste Al )2 clmelie )
qrognud, o se e cac =9 g 4EE do Utk 0, abS QA 2AL,
At AR 0 A Ao b ehr B Bl A AAE Bl A b

Haade, ARt 0Aage WAt E 2P U 02T dHE o] sHe AL sho] Ao
g 2.8 olale) A4, 4, WA E, 22, Zela WA s, A0 HAS, 59 2o B2
So Be 759 7|28 o= 1 97 eI UL

Yoz P A =Eo o 3 AL 3 Y -§-2 descriptors U Tl 2T HE AR H QU A of] U3 U th
dictionary (9 41 2])

9o o] 7|8 Zhol] S A 7] A v & (associative array) 7]+ _hash__ () & _eq__ () WA=
T A BEAATE £ syt el st 25Ut
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dictionary comprehension (€ 4] 2] # = 2] 3l A)
ol HE &= 84 AAU R E Agsty 235 T2 gAY E WEstE HEA S W
results = {n: n ** 2 for n in range(10)}2Fn *
A 8l & A A Yt} comprehensions 2 ZFZ S Al L.

dictionary view (9 A4 2] )
dict.keys(),dict.values(),dict.items () WA EZ} B8 FE= AAES I8 &l
2Ech o] AEL gAY FEEN g3t TH ) BE AFshe, gAY WA of, 2o}
o] M3lE Nk gtk YUttt 9 Y Y RE 4T |2 ER v list (dictview) &
AHg-3HE U T dict-views S B A L.

docstring (5 AE )
A string literal which appears as the first expression in a class, function or module. While ignored when the
suite is executed, it is recognized by the compiler and put into the ___doc___ attribute of the enclosing class,
function or module. Since it is available via introspection, it is the canonical place for documentation of the
object.

duck-typing (Y] €}o]3)
Sl Qe o) 28 A Feete] A7 B HA g 22 aa Y 2Ek; Y
HAEY AEYREGISH A ARSI UTH (“Le|A Y Holal 2 2|x 3 #AdrH,
egth”) 54353 iAo Qe o] A~E AT 2N, A AAH == TP H QA A=
oZN FAALE NMAE 4 AdS5YTE & Elo]F L type () ©]Y isinstance () 3
S (SR o ERol ol 24t o] 2o~ B 1 4 9 g o8 of
hasattr () AANVEAFP =2 18192 £t}

EAFP
&R }= §4E F317] 71 ¢ v} (Easier to ask for forgiveness than permission). ©] £3] &
vtolx I AEE L, SHFE 7|V o] EGRES EAE 7ML, 2 7HF o] EW o9
Utk o] ZFstumtE A8 Y2 B2 tryftexcept Y EAE SAA A H Ut o] H|
oF 22 o2 W2 Aol M A5 A= = LBYL 2~ 8p 3t o vl g Y o

expression (%3 2])

>*
N
=2
=2
ol
(it
N
=}
fifo
Hl
%
ok
rr
JE EE

o 9 [ ;_Yl
2 1Y, )
i ot rjo ok

P
i
Tﬂ
=2
>
=2

i o>
flo ZX X9
A

lu
v

o oz Pald 4 Y BYAA 27 e Br BESE, BAAL IH Y, o] F, o2 HE
AN 2, AMA, FHET L R EHFE BD 2458 B0l £2 AT 2 RS ojg}
HzH o, BE Qo] PHET ] RAA I AL obdLth wnile Y, RAHOZ G T 5 Gt
4 5ol A% @] ob ek,

CUC+H+z Adda ], o] el CAPIE ARSI A A o] AFE A F =91 4T 28 Syt

f-string (f-F2}4)
bR S el £ BAY HHEEL B8 LRAG  olgty Ry, 2y B4Y Y
o] Z ¢ Uth PEP 498 2 H A Q.

file object (3} 2] A))
SHE 2ol oSl 3} A &2 APl(read () Ywrite () T2 HAEE)E
ol weh, st A= AA ta2 g s oy thE A AR Y S A
Y=g, d-v=e ¥H, 47, stolz, FF) ol th3t M2 E FAZ + s Ut Y AA = 3t
5 AA (file-like objects) & 2~E & (streams) ]2t = & YT}
AA 2= A F7Y otd AR E o] A5 UTE Eraw) BFo] 2] 3k, W 3] = (buffered) HFo] A 2] 3} <,
HaE o1, o] 59 AEH o)At io BEAA BPUth o AAE L A A YL
open () &FE 2+ AYYrth

file-like object (3} 5 2 A])
b AA o vl

filesystem encoding and error handler (5} 2] A ¥ ¢l 7 93} ol 2] 2] 2]7])

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

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

7
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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.

Eiﬂlolo E]J_liﬁﬂ

finder (¥}¢11)
QEEd BES A w0] & Fodu AEtE AA.
Since Python 3.3, there are two types of finder: meta path finders for use with sys.meta_path, and path
entry finders for use with sys.path_hooks.
See PEP 302, PEP 420 and PEP 451 for much more detail.

floor division (3 4> U=A)
R A% WY ohe o e, A% G A/ o of

49 gL 27k FAT, A A2 2. 758 EHF YTk (-11) // 47k~
ol § ]3] oF g ). PEP 2388 B4 2.

function (g+4)

N il
R
2
=3
FBL
,:
-
~
S~

FEA A oW he BT Ao BAS. QAU T o4 94 7t dYE 4 e, uiy gl
Ao A" 4 YL Th w75 9} v 4 = 9} function A A E KA 2

function annotation (T4~ o] - E o] H)
S WAk whEE ghe) of e o) 4
5 o Eo] M dMHOT § 9= 2 AFPUTh o & o], o] 5 F A9 int AAE
wlols e Ao 7|0 1, B0 int M %S E AR AthE Tk
def sum_two_numbers(a: int, b: int) -> int:

return a + b

34 o] - B o] A ¥ 2 function A o] A A g 3T}
o] 715LS At W o] mH o] 4 I} PEP 4848 A2 3HA 8. T3t o] =g o] M o] T 3t = Ale =
annotations-howto = Z+Z 3}A] 8.

__future__
A future statement, from __ future__ import <feature>, directs the compiler to compile the

current module using syntax or semantics that will become standard in a future release of Python. The
___future__ module documents the possible values of feature. By importing this module and evaluating its
variables, you can see when a new feature was first added to the language and when it will (or did) become the

default:
>>> import _ future
>>> _ future_ .division

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

garbage collection (7}8] X] 4~ #)
O S A 9 vl 228w ek Ak shol M Fx B4 2 AN Fx TS PAFLFS 5
A= =& 7A FAZE T 7H A S AE SR FUTE 7HEIA A= ge RES AHEEA]

Aol 4 g uch

generator (| & o] €])
AuvEele ole e oel & geiFs ok A A Mol ], AR 5L HEs yield
B34S 23rt= Ao 1‘/}—1,]1’/} o) ZFEL for-FZ 2 AFE 3} A Y next () 42 3 W 3}

8 AY 5 YU

HE A Ya ol g &2 7] 7] A, oj Wl Ewlo] A= A a0l € o] Bl &l ol £ 7}e Pt} o=
St o m 7k B EehA| of2 7

gm““”mmwﬁﬂﬂﬂﬂaqawﬂa)
Zﬂtﬂﬂ]o]g}§}1\7}u}t w ﬂ{ﬂ

72 Appendix A. 0{%!


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

Extending and Embedding Python, Z2|A 3.11.14

Each yield temporarily suspends processing, remembering the location execution state (including local vari-
ables and pending try-statements). When the generator iterator resumes, it picks up where it left off (in contrast
to functions which start fresh on every invocation).

generator expression (A #]o|&] £ A))
An expression that returns an iterator. It looks like a normal expression followed by a for clause defining a
loop variable, range, and an optional if clause. The combined expression generates values for an enclosing
function:

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

generic function (A1 g 34)
2o AXNE AZ T2 FEo tisl] 7+ E o g
E]érﬂ]i] dare| el of sl 28 E ek

= 29 %] 80]F 23} functools.singledispatch () Bl Zd o] E]} PEP 443% HA| Q.

rel

<

FEFAD I T2 ojE FH A EAE

generic type (] ¥ &)
] ML 4 Qe YU 0 & 1ist Ydict 2 22 AEH oY FEi2. 3 SIES} o | o]
ol AHgE Uk
For more details, see generic alias types, PEP 483, PEP 484, PEP 585, and the t yping module.

GIL
Ao ez = 2 HAS

global interpreter lock (A& QlE] = €| &)

3 ol 932 3lte] Ag ) gho] M HlolE I T B AT E B A7 98 CPyhon QA E Z g
A A WA B (aet o 2 588 AR E S Ee0I) A 2ol FA4SE A
o1l tho) 21515 % RHE014 Chyhon 8 & DS UL A zeld A2 2k

a9

1E1 FJEi 5 E‘r%/\ﬁﬂ 8517 A7 BE oA, o Z2A A AT A B BE A
U}

14 22 AN QFA YL £

o{r

ShA| e, 01 kil %‘f%‘ E’_%%% EEO U A A 2, o5 o]
= GIL2 RSt 5 AAE d5 Ut =3, V0E & W& F4 GIL= vy

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

hash-based pyc (3] A] 7] 9} pyc)
‘rrE/H < 837 8 G e 5p P
. pyc-invalidation& Z+Z 3}A| 2.

% A7kl ol $ A1 AHE BH ol = T A A

e
of
it

hashable (8]] A 7Fs)
AR 7t A2 22 ghol WokA] b= s AIgk= Z¥2L (__hash__ () WIAN=7FE 33U eh, o "Xﬂi’v‘r
HuE ¢ e® (eq () HIAEZFE LAY, siA 7Fs stk ok 2ol
73t A7 58] A A k& 2okok Tk
WA A AAE GAG At A W= AT 5 A Fd), o] A FEEo)
WRHO T HAEE AHE S BB
o 72 gheo]x o) £ W AR =-2 Al }‘—%H,]D}; F2EU YAy g Z22) 7HA dHl oy &2
2R FsUth (7 ]1%frozenset Zo) Bl Aol EL 159 9450 3A 7]—‘—61—u:]]1:r]-
A A5 A8 3] A9 Yo tin AATE 0 0m o] et o A
A& AL etale) B 2 ral Hla s, s Al gk id () B B v ol T

IDLE

o]l H-E H3t F5 /N A s<5 37 (Integrated Development and Learning Environment). idle & 3} ©|

% gho] wjek 2 7] 2491 A7) 2 el el e B4,

l:l
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Solok gtk WA ¢k s Al ghol glof of st 3ol Al

import path (¢ 3

BEZINEIRIY 7 A2 E @ BEg 27 A8 AAse Fas (Ee 4= dEF - ¥

E s 5eh ol B9 55E B sys.path ZRE JUT, SHA|RE A H 9} 7] 2] 9] - 7
E

A=
To 2=
A7 A9 _patn_ oERERZLEH & % IS
importing (¢ 2 ¥))
I wES| shold TEsrhe RES stold EolA AH8E £ YRS ot 2
importer (2 E.—L_EJ)
-—L—'E' E ZL 7 ] ]'1 =
interactive (t} 3}3))
Python has an interactive interpreter which means you can enter statements and expressions at the interpreter
prompt, immediately execute them and see their results. Just launch python with no arguments (possibly

by selecting it from your computer’ s main menu). It is a very powerful way to test out new ideas or inspect
modules and packages (remember help (x)).

interpreted (€] Z2]E] =)

-

sh= AR ; S Al 3HOI T o] 2} =T A A YT

In
)
N
i
of

SOl S AU S| 24wl L] SR S sfolae Ao 2ol ) of

Qe e Aol o] AL B Aoz A% IS VEA %, 42 FAe AH AN

STk =T 1z adel B0 AN AW /s A, e Zele dojt BE A5t
o

Aojrrh Fe AW 2718 25Utk ojshe £ R AL,

interpreter shutdown (ClE|Z2]E] £8)
golehe 2 S He o, stol dHzZ Y

L E
v T
dgE AdsS 9A

X
[k

Saaun ¢ PRED LL RE & dAA e B0, 8 S
o2 W B2tk A8 A 49 3 Ak weakref 2Wo] 9 TEEY ARE A D - A%
Utk 55 A7) 59 495 nmt oo o958 v 5 glet, 220l oz ahe AUE
7554 e 4 7 W2 UTH(ES o olHele] BEolu A1 A S Th

A zey £59) 29 AN AYH L main BEAIYEALPS BUE AU

iterable (¢]E]3] &)
An object capable of returning its members one at a time. Examples of iterables include all sequence types
(such as 1ist, str, and tuple) and some non-sequence types like dict, file objects, and objects of any

classes you define withan ___iter_ () method or witha __getitem__ () method that implements se-

quence semantics.

o|H &2 for Fxof A§ 349}1, AFAE BQE St ThE ‘E%S X (zip (), map (), )
of AH&2 = AU olEHHE AAZF W T iter () o AR AL, 21 A2 o] F

dolHE EHF U ° ]EiﬂlOlEiL FEo Ade T AAE TS FEFUL olHHES

AE S, HE2iter () £ 2E3HA W, olHEolH AAE AH HE 22 (FUh for &2
oZlES S EHQ%HH Ao d|Fed, F2E 5= TS olHA oJHE Fots ol & fie
A& W yth ol Bl ol B, Al 2, Al | o] B = HA L.

iterator (©] €] &) o] ¥])

tolg o ~2EHS x83tE AA. olHElE e _next () MIMES WRACoE SE5d

(e WH F next () 2 ALstd) 2E-] ) e 5= Addlz 45Utk d o449

tl o] & 7} §l& wi+= th4l StopIteration o2& o Uth o] Ao A, o]H & o] & A=
A dR= °]—1—-4 BEE_next_ () WAH=ETEL StOpIteratlon o 2] & E‘r/\] do 77|k
Utk OlEiffﬂ ol &= o] o] E] A A S EHFE __iter_ () WHMEES 7}A 2o 875 7]

- Zoll, olEEl o]l & ol B £°]7| = Al thE olHEHEE= E‘:‘O}’: ol thF&2] ol A AHg

T AFUT T2 9= o W ojH o] S A Este =YY (List 2-2) ?iEHOM
7”7<ﬂ T iter() ¥ = ALSAY for Fxo AZZ wjuirt A} oJEHo]HE Wyt o] ¥
2 olg @ ol B ol tisi A 3 ste 1 s}, A o] Bl | o] ofl ARgE ol W] 271 o]E# o] &
S FAAM, W AE YA Kol A eyt

typeiter of B 414 )80 YLk

CPython -3 A} A]l: CPython does not consistently apply the requirement that an iterator define
__iter_ ().
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key function (7] g4)

7] e B iﬁﬂ °] 4 (collation) &<+ 4 & (sortmg) o]} vl & (ordering) ol AH&H = = EHF=
%—H%%MD}. L Eol, locale.strxfrm() S ZAY SF PAS W= FE 7|1 U=
AR&H Ut

gtol Mo W2 =77t @450 oBA A AR Fol=AE Alofstr] 38l 7] F4E o}
EYJUth o]d A& +=min(), max (), sorted(), list.sort (), heapg.merge (), heapq.
nsmallest (), heapg.nlargest (), itertools.groupby () ©] U5 Yth

7] g5 s dEs oy W o O]A‘/]E‘r o5 £0], str.lower () WA EE Aojx L&
AL AT AU UL BT 4 AGUG. DA, 7 BAL lambaa FEA0 S B
% =4, oJd AYdYrct: lambda r: (r[0], r[2]). ESH operator.attrgetter (),

operator.itemgetter (), operator.methodcaller () 7} Al 7§18 7] < A AR Y YTt 7]
T E S AR S ol thE o 2 Sorting HOW TO & B A 2.

keyword argument (7] 9] & 21 x})
AL E HA L

lambda (&t}

5239 0 ghol AAL e HA4 0% FHH o F Gt AL B4 BT PLE WEL
EHL lambda [parameters]: expression Y4t}

LBYL
5 7] Aol 2 2} (Look before you leap). ©] T AEFYL T Zo|L} 23] & 317] Aol YA|H o7 ALA
2RSS AAULE o 2EhAL FAFP AT U 1, B it Bol EA 2 S A0l QU
U 2= S ol A, LBYL W2 “H 77 2 “H 7]” 2ol B 24 WA 2 A U5
th o9& 59, Z= if key in mapping: return mappinglkey] + 3 }5‘01] B A vk 23]
Aol ot e =7} key S mappingql/ﬂ AAsHE dsj @ = JFUth o4 olf= F ol EAFP
A2 e A8 To A AT + ek

list (B]~E)

W gtol W Al A, T o) FdE B, Yad thdt QA 7o) ) 7] Wl 3 ZE BlaE
(linked list) ¥ Th+= oh2 A o] o] vl @ F AU o

list comprehension (2] A E #H =z 2]3A
Az 45 AR T %—‘T‘—% Aeletal 1 AHE P2ER YT E T . result =
['{:#04x}'.format (x) for x in range(256) if x % 2 == 0] =00°]A] 255 A}o]<] g}
=AY 1675 (0x.) 2 2T TAEY g 2EE W Yth if B2 AT 5 5T
7Yk, range (256) o] Y= B 847 A Yt

loader (2 ¢])

An object that loads a module. It must define a method named 1load_module (). A loader is typically
returned by a finder. See PEP 302 for details and importlib.abc.Loader for an abstract base class.

[-ﬂ

o
rlr iy

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

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

On Android and VxWorks, Python uses "ut £—-8" as the locale encoding.
locale.getencoding () can be used to get the locale encoding.

See also the filesystem encoding and error handler.

magic method (A YA E)
Sl A o] VB A W e

mapping (7} 3)
oloj o 7] %3 E A Y3 collections.abc.Mapping ©] Y collections.abc.
MutableMapping 4 Wlo]2x Sl o] AAFH HAEES 7+ ZAH oy A4A. dz&
dict, collectlons.defaultdlct,collectlons.OrderedDict,collections.Counter

=T dsynh
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meta path finder (W€} 3 2 z}2lt])
sys.meta_path o] A o] & selr. We B2 3t 4= A= 3helv] of AAH o
9171 817 % g o,

H el A2 5t 7F A= A =S e A= importlib.abc.MetaPathFinder & X W

¢

Hyth
metaclass (W €} 2] 2)

Feag S, %EH’\ Aol=FrolE, F gxv e, wola FAEY 552 eyt

H e Ze 2 o] Al AAE oA iiﬂig ‘&Et AN At thF2e A A FYP =2 1)
W AdojE2 711"7”52 A&FUch sto| W& EHEA = AL A~ HEg FYPAE BE T

9,)\‘3]'% 34\‘?4‘4‘3]'- REZE AR A= o] EF7F A 28 QAT B84 w, vl S

7FE skl §-ofst ;H‘:Lﬂ% ATyt AEHRF "]"-/] Z 7 (logging), ~# = A ] 71,

AA B4 8, 42 TG T2 o2 ZYd

= I
metaclasses | A o 7(]—}\1] LS IS 4 Qe

method (W] A &)
e nby boll A ol
A WA A2} (BF self
HAR

method resolution order (W] A= 2 & $4])
Method Resolution Order is the order in which base classes are searched for a member during lookup. See

The Python 2.3 Method Resolution Order for details of the algorithm used by the Python interpreter since the
2.3 release.

a2 2 AE

module (2E)

shold IES] 223} B9 S GYIE AR, BES 499 oA ANES Gt 0§ UL
AeUrh RES 9 EE Axbo] oo Fol Moz 2=,

712 = BA L.

module spec (2§ A 3))
RESEEScU AR H - dZEHA ZESS T
ModuleSpec o] AIAE A,
MRO
A= 274 A4 & HA L.
mutable (7}H)
7hH AR = ghol M8 4= AT id () & A FAFULE E¥ E HASL.

named tuple (V] J & )

rlr
(]

]Ei;ﬂ
=

&7t importlib.machinery.

“named tuple(] Q1 = F )" o] b §ol = FZol A A% 51 o] F £L o ELHES &5}
A2 G 4 9l fdo] M AT 4 Qi BE Poluh 2o o] A8F Tk Foluh Feh ol

OE7sE de T dsyth

time.localtime () I os.stat () 7} BF&3}E 2H £ 3H5o], of 8] YA S o] Y d = EZJ Ut}
T o2 9= sys. floatfinfoﬂqr/]—.

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

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

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

True

P9 o) YUtk Eis, tupled A A&dta ol 5 B2 =8 Ao 5he
T AF Ytk oy st :ﬂ]’\‘_ 23 2 A typing.
lections.namedtuple () & ¥H& F JAHFULE &
FEoAE 2 fle B 7 FUH A EE 715

®
Q
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namespace (¢]= 27
HE7E ARE = FA. o5 32 gAY 2 TG YTh AAlof S HE o] 5 &7 (A= ol A)
K4 =

o
ek ohy 2} A9, A, U7 o & B7bo] Uit o8 BLE o] B YA A 2B S
ALYt} & 9], T builtins.open Fos. open () 2259 ol &3t 93l +EEY
O E 3, ol B AL oW R Eo| Y4B FAEAE B A BE ol A HE AT} 7 WAl
£ 0], random.seed () =& itertools.islice () 8t 2 1 35S o

=52 FUTh g
Zy 7y random ¥} itertools &l o3 S o] s H T

namespace package (0] & 7+ 2} 7] A])
A PEP 420 package which serves only as a container for subpackages. Namespace packages may have no
physical representation, and specifically are not like a regular package because they haveno ___init__ .py
file.

BEZ HAS.

nested scope( HPA A233)

SR AY A BT E FRE= 8. & 59, o2 T WRA BYH T+ upd ol
AEWMFESL ART L IFUTY FHA 27z 7Bz = A2 7T 3 gL 54
ethe 2ol FYsioF FUth A Y M52 7P R AT oA i FUTH npRA =
A ALEL AY o] & F7oA a7 Ut nonlocal 2 HPZ AT Z o 2= Z& & ZF3 )

new-style class (- A€l S A)
A2 Be s AR AHEH I Qe ZU 2 M A oA o] 5. 2719 stolH WA A=, 24
LAEY ZE AT slots Q/\E/_%E%, Z g9 E], __getattribute_ (), Ed2 HAZE,
AEf 8 WA Eof 22 Fho] 3 €] /‘Hij gt 7l s AT g ST

object (7 A])

A (BB HEY ) E 2T 52 (AE) o] B8 REHJE. T BE FAEYd Zo)a
BEESDE PR PRsl-y

package (2} 7] #])
ANBRESOIWL AARCLE AR 7RSS T 5 Ae FolAH 5. 7|[sH o2, 7| A&
__path_ oJEZHET} = Jo|d ZE YT
A5 AN A 9 ol 7 HAA = BAL.
parameter (uf] 7} ¥ 4~
ﬂf(whwﬂc)ﬂquUMvw@%¢
= dgE. A /7Y WiZIR 7 As5 Y
o Y X-71 Y = (positional-or-keyword): <] %] 12} L} 7] ¢ AR AYE 5 e AAE ARY
A, o2

=9l
S ER PRI FERE PR o) ekl A o 5

[def func (foo, bar=None): ... }

o Y X-A] (positional-only): S} X 22+ A2 5 Q)
U]-/\ Z—]_/]_/] UH7H "\Eioﬂ /_‘_X]_ t};
Oﬂ /\1 posonlyl T} posonly2:

[def func (posonlyl, posonly2, /, positional_or_keyword): ... ]

E-A§ (keyword-only): 71N EZ2 N AlFE = A= AAE AFFULE 71 H=-A8 wi7A
Hy= T F oo w7 H g BF ol A Sholl 3hute] Z7HA- X w7l v+ & I = 23| A
g4 F UL oAl E £, thxoll Al kw_onlyl &} kw_only2:

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

« 7HA-91 4 (var-positional): (CHE T} AW E o] |31 4] o] u] ok Eol 91X AXHE ol Bsh)
ABE % e A AR Yoo AAAE AF L o nh S v o)
£ 9ol EolA A 5 dHUth o8 Sof thElA args:

[def func (*args, **kwargs): ... }
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o 7191 (var-keyword): (FE VI 7| M55 o] ) A o] u] wkol5 o] 1 7)) = x-Sl )
AT 4 e 999 A5 AN Q4SS AAFU T ol v vl o] Bef
% ol Bol A BolE 5 AFUTh o 2 S0l 919 ool A kwargs.

RS A AAES 98 | EERY ol A Aol AL B4 ANES AT 5 A%
ek

ol z} —9—017,3 = oz} w4 o] XFolof 2= FAQ A&, inspect .Parameter E#| &,
function Z, PEP 362% H A Q..

path entry (3 2 dE2])
AR 7INEIIY 7t A2 E F RESe 2] fl6 Fushe 2 E AR 4 shte] 4.

path entry hook (2 JEZ] &
sys.path_hooks B|2E) Q& ZHEQU, 5 42 dEZ A EES = HS &1 Atkd
AR AED IAY & EHFYH

path based finder (7 2 7]4} 3} 2l )
718 v el A= I HE F s, Y2 E A= oA REZ FFUTH

path-like object (7 F 21 A))
3 A2l A2 E UEE A3, A2 AAE F2E YEhE str G bytes A70] AL}
os.PathLike ZE2EZS T A%+ AA YUt os.PathLike ZE2EZ S A Yo+ ﬁiﬂ%
os.fspath() ¥ E TEZA] str Ybytes L A28 Az 2 ASEH 4 J5Ut) Al
fsdecode () & os.fsencode () & Z+Zt str U bytes A4S BAS=H A2 5 9,)\/\‘4‘-7]'
PEP 5192 =5 <5 th

PEP

sho] 2 714 Aok, PEP shol 2 AR E]o] 458 AF5HA L sho] L 1 mm A $H
of et =2 /)58 4she A BAITh PEPE A8 750 et 228 /)% AFY o

27 A58l oF gtk

PEPE 52 Al2¢ 7152 Albel 1 EAlo] 0 gt ARUE 98-S s ol do] Soj7t AA
AR S EAR BE7] 93 712 fAUZ A Th PEP A4 A= ARUE Yol A Tol & T2t 1
N EEEEVEE SRR

PEP 1 3% 3HA 8.

portion (3Z4)
PEP 420 o A Ao 5t ZAA 4, o] 5 &%+ 7| 7] A o] o] upA] 8= shute] tl el g 2o S0 3l g 59
A7 Gip Lol AFEH = A= 7Fs g oh.

positional argument ($] ] <12}
o)A E HA L.

provisional API (23 API)
%‘@ API= % ghol B2l 29 I A T84
W37} o A= A= A v FH A A ol gt
) 5 8 Ao] F A5 A S8 o] 2ol
% %S AYUtt — APIS £3317] Ao &3
Ak

A API A Z S, 3 A T34

AR 2A S sl 374 T A

o] A= ®FE golB "4317} = A

syt ‘:ﬂx}/‘ﬂﬂLﬁgo P 4
provisional package (274 3] 7] #])

T APIE R A Q.
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Python 3000 (2} ] % 3000)
ho] R 3.x v 2hQle] M (WA 39 sj=7 ¥ njef ] o]of7|d Al Hof| gt % o] Fo|t}) o] A
2 “py3k” B Zo] 27T T T

Pythonic (3} o] t}-$)
£ o) Bol A QukA AYES AgaH 2=
| EoUAES 7Mtol 2=
for & AHE3I A ol HHE9

=
E%ﬁiEE%ﬂ%AOQQmW§%3@qqtqﬂ124
TAEo lormg, stol W 943

FeHE A S = Pt

O
ke
D)
52
rlo
>,
1
il
rlo
=
>
=2
My
B
N

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

o 2B, shol Atk W ol th

for piece in food:
print (piece)

qualified name (g 73} o] &)
REY AY 2azoA BE FH Fehx, F5, M o2 “HR7E HolFEHoR
FHHE o] 2. PEP 3155 o Al A Uth A4S B9k Sej2e] Aol A 7318 o] 22 AA <]
ol 23} Z5Uh

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

>>> C.__qualname
>>> C.D._ _qualname_

>>> C.D.meth._ qualname_

BEE /tEl7l=d AMEE ul, &A 3] AFSH ol (fully qualified name) & = 22 I 7| A&
ZPNA BEZ b o2 R o] 22 9 u]gUTh o 8 Sol, email.mime. toxt:

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

reference count (2 X 314°)
The number of references to an object. When the reference count of an object drops to zero, it is deallocated.
Reference counting is generally not visible to Python code, but it is a key element of the CPyrhon imple-
mentation. Programmers can call the sys.getrefcount () function to return the reference count for a
particular object.

regular package (737 =] 7] #])
Cinit .py 9L 2@sE Ode e 2o AE A 574,

ol T I A = EA 8.

slots___
S R A, o OJEEH:%E%%%?‘&%{P% v 2] ddsta A" MU e| &
AAGoZH MR el 2 At B3-S FUh A7) A71E A, o Blayg e guk= A Ag3
AAEATEE Bolot A, o melol DD 55 222 9ol Be o AAtAs e 5 aT
B2 A= Aol F5Uh
sequence (X] @2)
An iterable which supports efficient element access using integer indices via the _ _getitem__ () spe-
cial method and defines a __len__ () method that returns the length of the sequence. Some built-in se-
quence types are 1ist, str, tuple, and bytes. Note that dict also supports __getitem__ () and

79



https://peps.python.org/pep-3155/

Extending and Embedding Python, Z2|A 3.11.14

__len__ (), butisconsidered a mapping rather than a sequence because the lookups use arbitrary immutable
keys rather than integers.

collections.abc.Sequence FA4 HlolA FdlAE _ getitem () I __len_ () =
QoA AN FHS O HolA~E HY3E=d, count (), index (), _ contains__ (),
__reversed__ () & F7FE Ut} o] F3H AHFH o)A E FAT F S register () T AHE3H
A AIH R SET S YFUTE AF2 FIAE kel T3t XHﬂﬂ 5/‘1 =, 3 Alds ddE
F2oA L

i

set comprehension (g 7 = 2] 3 A)
ol g &l A& 84 AAV dFE At A28 F2 J S vhhshs 7HE 8 . results
= {c for c in 'abracadabra' if c not in 'abc'}+ F (' , 'd'} &
23 A3 t}. comprehensions2 #2314 Al £

single dispatch (32 t] A3 x])
T&o] e QAR Fof| 7| 2 A A= = Al 2 o Yasf X9 3 FH.

slice (&2}o]~)
E%Mﬂcﬂ%$%£@?Lﬂﬂ SeholAE HH AFHE 77
variable_name[1:3:5] A&, [] ¢tol|l A of &) 7 AE EECR
pal

2IHE) BVIHS U R LR sllce AAE AHE YT
L=

—

special method (54~ W] A]
sholmo] Goj ol | <l4he, G4l 2L, AWT w FAAOR TEHE WA=, oA MAEE T
Aol dE 2 AJFeaL 2uyE ol 5S 2L 5 Ut 55 vl A =+ specialnames o] A 2 W5 o] A
PN

statement (&%}
2R AYE (ZES “BE (block)”) B FATE REAUTL 2R w4 oAU NAES
AHEBHE o8] 7HA] 2R E S sty gy th 7HE if, while, for.

static type checker (3 2 & 7 x}7])

An external tool that reads Python code and analyzes it, looking for issues such as incorrect types. See also
type hints and the t yping module.

strong reference (73t 2 X)
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.

W9 2z E HA L.

text encoding (2 A E 217 ¢))
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 (2] A E 5} 4)
str AAE d1 & 49 .‘5 j]_Cﬂ AA. Z2F, dAE 9d-2 AA 2= v}o)
Oﬂ}\ﬂ/\*g}j_Eﬂ/\EO ]_E;QQTQ-QD} Eﬂ/\E JJFOLJ Oﬂﬂi“ _‘i\_
2 dd 99, sys. stdln, sys.stdout,io.StringI0 & A2EHAE & F AHF YT
juy

4 9l 5HQ AR ol sl A ol e 5l
triple-quoted string (2% u}2 % ¥ —“?_—x}oaﬂ)

HJrii )W F2wEE C) A AR S FAE. 2F whEE stuE S A 222 )
7152 AFstA = A, o2 7HA] o] froll A £ E7F s U olAA ol H A ¢he 2w

ol EAR AH & 91 &

rr
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EU} 202 EE FAY ol TPV S AES 37, 42 BAE 2A FUE olg Fol A 5
e, SAEYL Ll 53] 1 A5

type (&)
The type of a Python object determines what kind of object it is; every object has a type. An object’ s type is
accessible asits __class___ attribute or can be retrieved with t ype (ob7j).

type alias (& o] dg]o]x)
P AL Y ote] w0l A= F Y Foof.

Foldefojat § G =S dedahe ol § 8T o2 B
def remove_gray_shades (
colors: list[tuple[int, int, int]]) -> list[tuplelint, int, int]]:
pass
= ohe 2ol B 97 97 B & 9tk
Color = tuple[int, int, int]
def remove_gray_shades (colors: list[Color]) —-> list[Color]:
pass

o] 7%-& AW e typing 7} PEP 4845 R 5141 L.

type hint (g 31 &)
W, FelaojEHE 9 S v/ s U uks g ZIdiE & 32 A A s o wEH o] 4L
Y I EL A8 Aol i o] Ao A FAE A= AT, A 3 AA] o 83t ESHIDES]
F= A L HHER S FHFUTH
A9 A4E Ay, A9 W, Fea oJEHE 9 &9 3 I EL& typing
get_type_hints () & AHESF] AN 2T 5 JFUTH

o] 75 A3l typingd PEP 4848 2 3HA
universal newlines (-4 £ 397)
qn4ﬂ3ﬂgga?gAﬂszﬂﬁﬂadazczﬁgo@
2 & "\n', 9ES2 FE '\r\n', A N EA] FEH \r'. F7FE QA Aol A
bytes.splitlines () ¥qlolUe} PEP 278 &} PEP 3116 = H A 8.
variable annotation (¥4~ o] - €| o] 4)
WA 2o o2 2 eS| of e o]

M4 mE 2ol o B HE] o o] dg

Ko}
o
rlr
fuj
f
Jo
1©
[>
=
o2t
rir Ao

rﬁ
g
2
)
o
rlo
o
)
>,
odt
A
A
v

class C:
field: 'annotation'

e

Mg olwEo| e AuA o § dER ASPUTH o8 Eol, ol Mt int 2 AL AR

AdEdc:

[count: int = 0

Ha o] g o] -2 A A annassign ol A A g o
o] 7|52 AWt T o] H o] A, PEP 484 2 PEP 5268 H 2 3Al 8. T3 o] H o] A 2] o
o 3l =¥ Al#] = annotations-howto & % 34| &

3
o
B
ol

virtual environment (
ol A9} &8 =
]: O = X]
Sahos an

venv & HA| L.
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virtual machine (7}4} 7] A))

azEgolero 2 A8 AFH. shol A Mg 1AL vhol =
S=g Aug,

Zen of Python (}o] 4 Al)
shold T A<l Yele} ASHES] B2 e, 20) S o]a] 8t AFgahe o] E8o] FuTh o] HEL

3} ZFZEOM “import this” & #Hshd HYurt.

=3

s}

off

Qei7h

== |
=]

‘I,

i
rle
)
o

m
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APPENDIX B

About these documents

These documents are generated from reStructuredText sources by Sphinx, a document processor specifically written
for the Python documentation.

A X8} o] & 98t A Q1 N Thol A LA &} v A 2 A A 0 2 AP B ALY =8 YUt 7] o 3
3 AT, o] Wy o tf 3 A B = reporting-bugs 3| ] A& il } Al L. A 22 AL F A= A AL
g eH
Te BEol 7 Be 7ArE =y

o Fred L. Drake, Jr., the creator of the original Python documentation toolset and writer of much of the content;

« reStructuredText 2} Docutils 22¢] EE HFE = Docutils Z2 A E,

o Fredrik Lundh, Z2.2] tf ¢F 51} o] 8 2= (Alternative Python Reference) 3 2 A E of] A Sphinx 7} -2 o} o]
ol A9l Uh

B.1 Contributors to the Python Documentation

of, sfol A %F gholBefg] ¢ sto| A A A 7| FUTh 7] Ao FEAH QA
2 A Z 39 Misc/ACKS & =R SHA A 2.
3

ME 27 B AL Fhold AR UE ] AT} 7)of W E T - A T
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C.1 AZEQ0{Q A}

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

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

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

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

HH = =} o=l 32 Y AL =N GPL compatible?
09.0~12 n/a 1991-1995 CWI yes
13~152 12 1995-1999 CNRI yes
1.6 1.5.2 2000 CNRI no
2.0 1.6 2000 BeOpen.com no
1.6.1 1.6 2001 CNRI no
2.1 2.0+1.6.1 2001 PSF no
2.0.1 2.0+1.6.1 2001 PSF yes
2.1.1 2.1+2.0.1 2001 PSF yes
2.1.2 2.1.1 2002 PSF yes
213 2.1.2 2002 PSF yes
2.2 o] A+ 2.1.1 2001-dA] PSF yes

ZF11: GPL-compatible doesn’ t mean that we” re distributing Python under the GPL. All Python licenses, unlike the
GPL, let you distribute a modified version without making your changes open source. The GPL-compatible licenses
make it possible to combine Python with other software that is released under the GPL; the others don’ t.
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C.2 THO|Moll HMIASHHLE AFRS7| SI8H 012 2z

Python software and documentation are licensed under the PSF' License Agreement.

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

shol ol E3E Q¥ sz Eo]of & ThE gholAlart A §F U Th ehol Al s eho] Al 2ol o35}
= =9} G EUTh ole @ eholllA0) B9AT R m e £u g o] o e 2ol 4l

-
SRR EXEREY

C.2.1 PSF LICENSE AGREEMENT FOR PYTHON 3.11.14

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

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

3.11.14 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 3.11.14 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 3.11.14 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 3.11.14 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
3.11.14.

4. PSF is making Python 3.11.14 available to Licensee on an "AS IS" basis.

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

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

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

USE OF PYTHON 3.11.14 WILL NOT INFRINGE ANY THIRD PARTY RIGHTS.

5. PSF SHALL NOT BE LIABLE TO LICENSEE OR ANY OTHER USERS OF PYTHON 3.11.14
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FOR ANY INCIDENTAL, SPECIAL, OR CONSEQUENTIAL DAMAGES OR LOSS AS A.
—RESULT OF

MODIFYING, DISTRIBUTING, OR OTHERWISE USING PYTHON 3.11.14, 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,.
—O0or any

third party.

8. By copying, installing or otherwise using Python 3.11.14, 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 THEREOEF.

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

6. This License Agreement shall be governed by and interpreted in all respects
by the law of the State of California, excluding conflict of law provisions.
Nothing in this License Agreement shall be deemed to create any relationship of
agency, partnership, or joint venture between BeOpen and Licensee. This License
Agreement does not grant permission to use BeOpen trademarks or trade names in a

(TH5 sl el Aol Al<)
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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
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

(TH5 sl el Aol A)
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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 3.11.14 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.

C.2. mo|’Moll HMASHAHLE ALESEY| 218t 0|2 2F2t 89
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C.3.1 HE2M EQ[AH

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

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

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

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

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

The asynchat and asyncore modules contain the following notice:

Copyright 1996 by Sam Rushing
All Rights Reserved

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

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

o7 e 29 ARke TRFUTH

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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The uu module contains the following notice:

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

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

Modified by Jack Jansen, CWI, July 1995:

— Use binascii module to do the actual line-by-line conversion
between ascii and binary. This results in a 1000-fold speedup. The C
version is still 5 times faster, though.

— Arguments more compliant with Python standard

C3.7 XML ¥ T2 A &2

xmlrpe.client REL 04T 22 79 43S ¥R

The XML-RPC client interface is

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

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

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

SECRET LABS AB AND THE AUTHOR DISCLAIMS ALL WARRANTIES WITH REGARD
TO THIS SOFTWARE, INCLUDING ALL IMPLIED WARRANTIES OF MERCHANT-
ABILITY AND FITNESS. 1IN NO EVENT SHALL SECRET LABS AB OR THE AUTHOR
BE LIABLE FOR ANY SPECIAL, INDIRECT OR CONSEQUENTIAL DAMAGES OR ANY
DAMAGES WHATSOEVER RESULTING FROM LOSS OF USE, DATA OR PROFITS,
WHETHER IN AN ACTION OF CONTRACT, NEGLIGENCE OR OTHER TORTIOUS
ACTION, ARISING OUT OF OR IN CONNECTION WITH THE USE OR PERFORMANCE
OF THIS SOFTWARE.
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C.3.8 test_epoll

The test.test_epoll module contains the following notice:

Copyright (c) 2001-2006 Twisted Matrix Laboratories.

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

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

THE SOFTWARE IS PROVIDED "AS IS", WITHOUT WARRANTY OF ANY KIND,
EXPRESS OR IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF
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 RE S kqueue 1B o] 20 th3) T3} 22 o) AL EFFh

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/siphash24/1ittle)
djb (supercop/crypto_auth/siphash24/little2)
Jean-Philippe Aumasson (https://131002.net/siphash/siphash24.c)

C.3.11 strtod 2} dtoa

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

E

E O

*
* THIS SOFTWARE IS BEING PROVIDED "AS IS", WITHOUT ANY EXPRESS OR IMPLIED
* WARRANTY. 1IN PARTICULAR, NEITHER THE AUTHOR NOR LUCENT MAKES ANY

* REPRESENTATION OR WARRANTY OF ANY KIND CONCERNING THE MERCHANTABILITY

* OF THIS SOFTWARE OR ITS FITNESS FOR ANY PARTICULAR PURPOSE.

*

*

**************************************************************/
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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. For the OpenSSL 3.0 release, and later
releases derived from that, the Apache License v2 applies:

Apache License
Version 2.0, January 2004
https://www.apache.org/licenses/

TERMS AND CONDITIONS FOR USE, REPRODUCTION, AND DISTRIBUTION

1.

Definitions.

"License" shall mean the terms and conditions for use, reproduction,
and distribution as defined by Sections 1 through 9 of this document.

"Licensor" shall mean the copyright owner or entity authorized by
the copyright owner that is granting the License.

"Legal Entity" shall mean the union of the acting entity and all
other entities that control, are controlled by, or are under common
control with that entity. For the purposes of this definition,
"control" means (i) the power, direct or indirect, to cause the
direction or management of such entity, whether by contract or
otherwise, or (ii) ownership of fifty percent (50%) or more of the
outstanding shares, or (iii) beneficial ownership of such entity.

"You" (or "Your") shall mean an individual or Legal Entity
exercising permissions granted by this License.

"Source" form shall mean the preferred form for making modifications,
including but not limited to software source code, documentation
source, and configuration files.

"Object" form shall mean any form resulting from mechanical
transformation or translation of a Source form, including but
not limited to compiled object code, generated documentation,
and conversions to other media types.

"Work" shall mean the work of authorship, whether in Source or
Object form, made available under the License, as indicated by a
copyright notice that is included in or attached to the work

(an example is provided in the Appendix below) .

"Derivative Works" shall mean any work, whether in Source or Object
form, that is based on (or derived from) the Work and for which the
editorial revisions, annotations, elaborations, or other modifications
represent, as a whole, an original work of authorship. For the purposes
of this License, Derivative Works shall not include works that remain
separable from, or merely link (or bind by name) to the interfaces of,
the Work and Derivative Works thereof.

"Contribution" shall mean any work of authorship, including

the original version of the Work and any modifications or additions

to that Work or Derivative Works thereof, that is intentionally
submitted to Licensor for inclusion in the Work by the copyright owner
or by an individual or Legal Entity authorized to submit on behalf of
the copyright owner. For the purposes of this definition, "submitted"
means any form of electronic, verbal, or written communication sent

to the Licensor or its representatives, including but not limited to
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communication on electronic mailing lists, source code control systems,
and issue tracking systems that are managed by, or on behalf of, the
Licensor for the purpose of discussing and improving the Work, but
excluding communication that is conspicuously marked or otherwise
designated in writing by the copyright owner as "Not a Contribution."

"Contributor" shall mean Licensor and any individual or Legal Entity
on behalf of whom a Contribution has been received by Licensor and
subsequently incorporated within the Work.

Grant of Copyright License. Subject to the terms and conditions of
this License, each Contributor hereby grants to You a perpetual,
worldwide, non-exclusive, no-charge, royalty-free, irrevocable
copyright license to reproduce, prepare Derivative Works of,
publicly display, publicly perform, sublicense, and distribute the
Work and such Derivative Works in Source or Object form.

Grant of Patent License. Subject to the terms and conditions of
this License, each Contributor hereby grants to You a perpetual,
worldwide, non-exclusive, no-charge, royalty-free, irrevocable
(except as stated in this section) patent license to make, have made,
use, offer to sell, sell, import, and otherwise transfer the Work,
where such license applies only to those patent claims licensable
by such Contributor that are necessarily infringed by their
Contribution(s) alone or by combination of their Contribution (s)
with the Work to which such Contribution(s) was submitted. If You
institute patent litigation against any entity (including a
cross—claim or counterclaim in a lawsuit) alleging that the Work
or a Contribution incorporated within the Work constitutes direct
or contributory patent infringement, then any patent licenses
granted to You under this License for that Work shall terminate

as of the date such litigation is filed.

Redistribution. You may reproduce and distribute copies of the
Work or Derivative Works thereof in any medium, with or without
modifications, and in Source or Object form, provided that You
meet the following conditions:

(a) You must give any other recipients of the Work or
Derivative Works a copy of this License; and

(b) You must cause any modified files to carry prominent notices
stating that You changed the files; and

(c) You must retain, in the Source form of any Derivative Works
that You distribute, all copyright, patent, trademark, and
attribution notices from the Source form of the Work,
excluding those notices that do not pertain to any part of
the Derivative Works; and

(d) If the Work includes a "NOTICE" text file as part of its
distribution, then any Derivative Works that You distribute must
include a readable copy of the attribution notices contained
within such NOTICE file, excluding those notices that do not
pertain to any part of the Derivative Works, in at least one
of the following places: within a NOTICE text file distributed
as part of the Derivative Works; within the Source form or
documentation, if provided along with the Derivative Works; or,
within a display generated by the Derivative Works, if and
wherever such third-party notices normally appear. The contents
of the NOTICE file are for informational purposes only and
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do not modify the License. You may add Your own attribution
notices within Derivative Works that You distribute, alongside
or as an addendum to the NOTICE text from the Work, provided
that such additional attribution notices cannot be construed
as modifying the License.

You may add Your own copyright statement to Your modifications and
may provide additional or different license terms and conditions
for use, reproduction, or distribution of Your modifications, or
for any such Derivative Works as a whole, provided Your use,
reproduction, and distribution of the Work otherwise complies with
the conditions stated in this License.

5. Submission of Contributions. Unless You explicitly state otherwise,
any Contribution intentionally submitted for inclusion in the Work
by You to the Licensor shall be under the terms and conditions of
this License, without any additional terms or conditions.
Notwithstanding the above, nothing herein shall supersede or modify
the terms of any separate license agreement you may have executed
with Licensor regarding such Contributions.

6. Trademarks. This License does not grant permission to use the trade
names, trademarks, service marks, or product names of the Licensor,
except as required for reasonable and customary use in describing the
origin of the Work and reproducing the content of the NOTICE file.

7. Disclaimer of Warranty. Unless required by applicable law or
agreed to in writing, Licensor provides the Work (and each
Contributor provides its Contributions) on an "AS IS" BASIS,
WITHOUT WARRANTIES OR CONDITIONS OF ANY KIND, either express or
implied, including, without limitation, any warranties or conditions
of TITLE, NON-INFRINGEMENT, MERCHANTABILITY, or FITNESS FOR A
PARTICULAR PURPOSE. You are solely responsible for determining the
appropriateness of using or redistributing the Work and assume any
risks associated with Your exercise of permissions under this License.

8. Limitation of Liability. In no event and under no legal theory,
whether in tort (including negligence), contract, or otherwise,
unless required by applicable law (such as deliberate and grossly
negligent acts) or agreed to in writing, shall any Contributor be
liable to You for damages, including any direct, indirect, special,
incidental, or consequential damages of any character arising as a
result of this License or out of the use or inability to use the
Work (including but not limited to damages for loss of goodwill,
work stoppage, computer failure or malfunction, or any and all
other commercial damages or losses), even if such Contributor
has been advised of the possibility of such damages.

9. Accepting Warranty or Additional Liability. While redistributing
the Work or Derivative Works thereof, You may choose to offer,
and charge a fee for, acceptance of support, warranty, indemnity,
or other liability obligations and/or rights consistent with this
License. However, in accepting such obligations, You may act only
on Your own behalf and on Your sole responsibility, not on behalf
of any other Contributor, and only if You agree to indemnify,
defend, and hold each Contributor harmless for any liability
incurred by, or claims asserted against, such Contributor by reason
of your accepting any such warranty or additional liability.

END OF TERMS AND CONDITIONS
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C.3.13 expat

The pyexpat extension is built using an included copy of the expat sources unless the build is configured
—-with-system-expat:

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

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

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

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

C.3.14 libffi

The _ctypes extension is built using an included copy of the libfli sources unless the build is configured
——with-system—-1ibffi:

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

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

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

THE SOFTWARE IS PROVIDED ' "AS IS'', WITHOUT WARRANTY OF ANY KIND,
EXPRESS OR IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE AND
NONINFRINGEMENT. IN NO EVENT SHALL THE AUTHORS OR COPYRIGHT
HOLDERS BE LIABLE FOR ANY CLAIM, DAMAGES OR OTHER LIABILITY,
WHETHER IN AN ACTION OF CONTRACT, TORT OR OTHERWISE, ARISING FROM,
OUT OF OR IN CONNECTION WITH THE SOFTWARE OR THE USE OR OTHER
DEALINGS IN THE SOFTWARE.
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C.3.15 zlib
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Copyright (C) 1995-2011 Jean-loup Gailly and Mark Adler

This software is provided 'as-is', without any express or implied
warranty. In no event will the authors be held liable for any damages
arising from the use of this software.

Permission is granted to anyone to use this software for any purpose,
including commercial applications, and to alter it and redistribute it
freely, subject to the following restrictions:

1. The origin of this software must not be misrepresented; you must not
claim that you wrote the original software. If you use this software
in a product, an acknowledgment in the product documentation would be

appreciated but is not required.

2. Altered source versions must be plainly marked as such, and must not be

misrepresented as being the original software.

3. This notice may not be removed or altered from any source distribution.

Jean-loup Gailly Mark Adler
jloup@gzip.org madler@alumni.caltech.edu

C.3.16 cfuhash

tracemalloc o] 9J3l AFR 5 = 3] A] H o] E9] F+8 & cfuhash ZZAEE 7|ulo 7 ght}:

Copyright (c) 2005 Don Owens
All rights reserved.

This code is released under the BSD license:

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

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

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

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

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

The _decimal module is built using an included copy of the libmpdec library unless the build is configured
——with-system—-libmpdec:

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 C14NHIAE AQIE

The C14N 2.0 test suite in the test package (Lib/test/xmltestdata/cl14n-20/) was retrieved from the
W3C website at https://www.w3.org/TR/xml-c14n2-testcases/ and is distributed under the 3-clause BSD license:

Copyright (c) 2013 W3C(R) (MIT, ERCIM, Keio, Beihang),
All Rights Reserved.

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

* Redistributions of works must retain the original copyright notice,
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.

(TH5 sl el Aol A<)
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THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS
"AS IS" AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT
LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR
A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE COPYRIGHT
OWNER OR CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL,
SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT
LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE,
DATA, OR PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY
THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT
(INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE
OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.

C.3.19 Audioop

The audioop module uses the code base in g771.c file of the SoX project. https://sourceforge.net/projects/sox/files/
sox/12.17.7/s0x-12.17.7 .tar.gz

This source code is a product of Sun Microsystems, Inc. and is provided for unrestricted use. Users may
copy or modify this source code without charge.

SUN SOURCE CODE IS PROVIDED AS IS WITH NO WARRANTIES OF ANY KIND INCLUD-
ING THE WARRANTIES OF DESIGN, MERCHANTIBILITY AND FITNESS FOR A PARTICU-
LAR PURPOSE, OR ARISING FROM A COURSE OF DEALING, USAGE OR TRADE PRAC-
TICE.

Sun source code is provided with no support and without any obligation on the part of Sun Microsystems,
Inc. to assist in its use, correction, modification or enhancement.

SUN MICROSYSTEMS, INC. SHALL HAVE NO LIABILITY WITH RESPECT TO THE IN-
FRINGEMENT OF COPYRIGHTS, TRADE SECRETS OR ANY PATENTS BY THIS SOFTWARE
OR ANY PART THEREOF.

In no event will Sun Microsystems, Inc. be liable for any lost revenue or profits or other special, indirect
and consequential damages, even if Sun has been advised of the possibility of such damages.

Sun Microsystems, Inc. 2550 Garcia Avenue Mountain View, California 94043

C.3.20 asyncio

Parts of the asyncio module are incorporated from uvloop 0.16, which is distributed under the MIT license:

Copyright (c) 2015-2021 MagicStack Inc. http://magic.io

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

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

THE SOFTWARE IS PROVIDED "AS IS", WITHOUT WARRANTY OF ANY KIND,
EXPRESS OR IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE AND

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