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>>> import spam

>>> status = spam.system("ls —-1")

spammodule codS HEE AL E AFSGHAN L. (JAH L8, BF S spam©| 2}l 8tW, a7 7H =
Z2gst=C g2 Spammodule cetl Utk 2 E ol 50| spammify A v 2H, BE o] 52 1F
spammify. c°1 o Jd54Urth)

Be) Hg % &2 ket 2y

#define PY_SSIZE_T CLEAN

#include <Python.h>
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static PyObject *
spam_system (PyObject *self, PyObject *args)
{

const char *command;

int sts;

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

sts = system(command) ;

return PylLong_FromLong (sts);
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static PyObject *SpamError;

a2a 25| 2713 @4 (PyInit_spam()) oA o9] AA =2 273t}

PyMODINIT_FUNC
PyInit_spam(void)
{

PyObject *m;

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

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

return m;

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

const char *command;

int sts;

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

sts = system(command) ;

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

2.1.3 Ol|d = =0l7t7]

o)A B2 SO, o)Al o BL o] 2L o]l 4 Yojok gk

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

Q17 =50 A o217} 2 A% W pyarg_parseTuple () o &5 A4 H el 2)o] &) 23184 NULL(AA £
B S Whekshs g o3 A7) = gy oh 2% A oo Ak #AHE ghol A W4 commandel]
BALE AFUTH o] A2 2 tholH 7he 7] & AL & A A= < F Ut (wekA £ Coll A, Es
command+ const char *command® ZH}E A AAF ook gt

g BAL FU2 T system() & £ 9], PyArg_ParseTuple () ol A & 242 At

rlo
g

sts = system(command) ;

219 spam.system() T+ sts] ghS vholH A & W) oF gt o] A2 PyLong_FromLong ()

342 AHE3o] o Fol AT,

’return PyLong_FromLong (sts) ;

o] A%, A4 AAE vt Uth (o, e AT gpol Mo e 7 A2 AA JUTH)
F83F AR5 WEESLA] k= C ¢ (voidE HEEhel= gk 71 Qo W, 3 9Fo] A $H = None 2 HH3Hs| oF
Uk 28 A st o] A&7 AR Fth(Py_RETURN_NONE 222 & P LT}

Py_INCREF (Py_None) ;
return Py_None;

Py_None-2 54 3ho] 8 7] None®] C oS¢V Th. 2ol A Hoksol, ti il Aol A (ol 2]y & Eohi
NULL Q16 7} ohl e 215 shol A A4 AUk,
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gpol W =2 IO A spam_system () ©] o} FA TEH =4 Ho] R FEFYFUTE WA, (WA=

HlolE) o 0| B3} F4 8 sl of gtk

static PyMethodDef SpamMethods[] = {

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

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

WA &5 (METH_VARARGS) o] 723t Al 2. o] 212 AE Z ol A C 5ol AHEE 55 35 &7
EZYadYch gt o7 &4 METH _VARARGSU METH_VARARGS | METH_KEYWORDS oF gt}
= A8 A] = PyArg_ParseTuple () W o] A2E & o vy th
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static struct PyModuleDef spammodule = {
PyModuleDef_HEAD_INIT,

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

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

A, o] FRAE EEY 273 T A QAE
PyInit_name () o] o] oF &Yt} o 7] A nameS _‘?_%9] o] &

a5 o] o] of g T}

PyMODINIT_FUNC
PyInit_spam(void)
{

return PyModule_Create (&spammodule) ;

PyMODINIT_FUNC<= 142 pyObject *
o, C++9] A & extern "C"Z A AT

4
GolWZZ2 W SO0 F BE spanS YFEE T ul],PyInit_spam() °] i%% Yt} (3o

12 W7ol o 3l
A= ool A A5y th) ol PyModule Create ()% Z &k, B -—E AAE Wkkslal BE 7 9 of A
3& H o] E (PyMethodDef 2 A9 Wi &)= 7|Wo 2 Wi 3 AA = /‘HE TE REo 4y
PyModule Create ()t PHE BE 2 ﬂﬂWﬂJMH%L}ZQQ-E@ﬂH°%%ﬂ%£ﬂﬂHE
ZoE ALY, RES HEA YA 27318 5 glo W NULLS WHEE £ Qs Ut 273 4= RE AR E
S E A A HPE}OH of 3“413]- I 9 sys. modulesoﬂ FAdE Yt
glo] M- ‘/HX]'?S]'ELH PyImport_Inittab E|o]Ed] &§Eo] gloMpyInit_spam() 71 A0 2 &
A k& Uth RES 273} H o] Eof 27188 W, PyImport_AppendInittab () & AFRSt, AHAH o2

arheel BES dEE Pyt

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

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

}

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

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

}

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

/* Initialize the Python interpreter. Required.

10 Chapter 2. MAHX} £ Qi0| &5t Ot 7|
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If this step fails, it will be a fatal error. */
Py_Initialize();

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

PyMem_RawFree (program) ;
return 0O;

—~
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4 UEE BESIE DU A, ol 22 gL o R £ olelol A ol e AN E A
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static PyObject *my_callback = NULL;

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

PyObject *result = NULL;

PyObject *temp;

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

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

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

}

return result;

o] gk~ METH_VARARGS Z 2| 1E A&35to] QB Z 2§ 9 ’:i;ﬂolﬁ Gyt o] A
o] B3} 2 7]3) ghrof A= o] IS5 Ut PyArg_ParseTuple () 52t 129
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%% Elads ?"‘4‘3} 01]%%

int arg;
PyObject *arglist;
PyObject *result;

arg = 123;
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/* Time to call the callback */

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

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

PyObject_CallObject () & FFol® Az ZAEHE w3 rt: o] AL sho] A 349 vt gk
YUtk PyObject_CallObject () & QUAe} ARSI (FE 3¢ FTHF) Utk o] oA+
PyObject_CallObject () £& A% Py DECREF () HE AA HF 22 AL A FEo] HEARSF

et

PyObject_ CallObjectosl vksk gk (A A >>?MD} HAs
71 AAJ UL webA, A A Z o] s

Py_DECREF () 3l oF g th

T, o] S 53317] Aol Wk ghel NuLLo] obd x| Eelsfof gt 2T, oA drt oo &
W A A SR8 A YU PyObject_CallObject () Bl C ZEZFSbo] Aol A S&5 ot

TEAA A of| & FAIE HEEeL, Az E 7t A8 EF o] AE A4 A Y EE 38 Jhol
A2 ¢ J=EE FYth o] Z o] B3 AU v# A 1A ko, PyErr_Clear () & T&31o] o2&
Aokt o & &4

Aze AR o) Ak 2z 047t %7}
F(S 3] 2 gkl #Halo]l fEets A7

O
_'_4
(
nx
~—

¥

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

&
©
¥,
o
z
o
4>
2
o
o
o
ol
p
‘0,
A
H,
k=)
S
av]

=

Object_CallObject () o 1A} BEE A|-Z3l oF
| whel 1% 52 8 50 s A D DL AL o A8 B Shol @ w2 1 @A

e Ao AT AL T £ AFUTh ThE A eolE, A B
Ytk 01"%‘711 5}% 7}ﬂ 7&%?‘5} ¥ 2 py Buildvalue () &
==

PyObject *arglist;

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

]_

ol Z=7}

oll

=)8
=

™, n}l)]r
ﬁ {olt

| 2 u7é Aol Py_DECREF (arglist) <] #l] X o] %254 A 21 w38t o 45}
W,}% & Fol Al L: Py _Buildvalue () o W2 2|7} £5T 5 gloj A &<

)
)
o

]
4>
b

ot

-+
TR
foh

Al
2]
45} .
ki3
A=

29} 71 Y & QA A}E A Pl PyObject_Call () & AHR 31 71 Y= QA =7} 9

Sl or 5151 ALl by Butiavelen (18 A5 el ST eI E 24 g o

30 ro o fo
=~

PyObject *dict;

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

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

PyArg_ParseTuple () T4+ tha3 2ol AAdF Y}:

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

arg A7k oMo M C ez AL e A FFo] 234 72 AA o oF FUth formar AR+ A
EAG ol of oF 3HH, T = JJr 1%1/C API & 3] 1 2 1l 57 & 9] arg-parsing o] A= o] iyt U A AA=
E ALl o5 Fo] AARE = W FoofoFFTh

m@mjememMe<%4ﬂmmnﬂ°¥ﬂLﬂMﬂ§wuv1 520 ATHC WS 529 FEA
B TN O M52 B, I 25 AL Holw Wz ele] 4ol MES Yol LUtk 1)

Zasanel

SE Aol A A FH £ BE Thol W A
n}A A 2

Y
BN
rlr
e

o1& (borrowed) 22 Aol FASAA 2 B2 858 FoIA

71 oA FE

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

int ok;

int i, 3;

long k, 1;

const char *s;
Py_ssize_t size;

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

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

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

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

const char *file;

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

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

f('spam')

f('spam', 'w')

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

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

(TH& ST Aol A1)
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&left, &top, &right, &bottom, &h, &v);
/* A rectangle and a point */
/* Possible Python call:
f(((o0, 0), (400, 300)), (10, 10)) */

Py_complex c;

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

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

2.1.8 &% gt E 2[8H 7|9 = D7 B

PyArg_ParseTupleAndKeywords () S4E oS3 Zo] AAH Yt}

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

arg®} format W} 7| M 4= PyArg_ParseTuple () &9 S AUt kwdict Wi 7] HS
AN Al A W MR FAH 7 J‘: gAv el gyt kwlist v 7§ A= v 7] A
AFES NULL FE 55U Y; oI5 94&011/‘1 LEHOZ formare] P FH} AAFULE 5
PyArg_ParseTupleAndKeywords () =g uststy, 28 oy ARL ursety A A3

A AU,

BT 5 Y UTH klistol] gl 719 S o) w4}

i
o
Sl

?.

F3: 79E= AAE AT 0 31 R
AGE 9H TypeErrorE YA A Y

£-2 Geoff Philbrick (philbrick@hks.com) 9] oA & 7]¥lo & 3}, 7|9 EE AFR-3= ol A] RE YU 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);

(THE SOl Aol A1)
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Py_RETURN_NONE;

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

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

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

219 Q9|9 grg A 55}7|

o] ¥4 PyArg_ParseTuple () 9 ¥He] QU Th Thg.3} o] A AH YT}

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

PyArg_ParseTuple () oA A= & 23 FAS 29 G9) S A4S A T JAAH(F+Y &9
ﬂaﬂqqy‘Jﬂﬂﬂﬂﬂﬂfpkﬁﬂﬂ¢QHQ‘41{ A
gtol A AAE vk th

PyArg ParseTuple () %] & 7bA] 2ol : FAH= 3 Wil A7} F& ol ofof 1A vk (sho] 4l <17} B 52
FHYWRAoRE FEE 997 —Er‘%MD}) PV BuildValue () &+ 4 F &S L= A= syt
2o $rhdo] g ol 4ol T oAk THE ALl FES U= Tnk 2ol EAgo] o] gow None
< BT FF ke T w9 zf;a Shul, 270] ool A A 29l B9} 1SS AR S
MFFU 277100119 FES AR NBHEE oW, 20 BALAS BEL FOAANL

ANA (FF-S TE0|0, LEEL A stol gAY Th:

Py_Buildvalue ("") None

Py_Buildvalue ("i", 123) 123

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

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

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

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

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

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

Py_BuildValue (" () ") 0

(TH& ST Aol A1)
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Py_BuildvValue (" (i)", 123) (123,)
Py_Buildvalue (" (ii)", 123, 456) (123, 456)
Py_Buildvalue (" (i,1)", 123, 456) (123, 4506)
Py_Buildvalue("[i,i]", 123, 456) [123, 456]
Py_Buildvalue ("{s:i,s:i}",

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

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

2.1.10 &=x =l

CU C++ 2} 22 Qdofof| A, FolA HEe 9 54 &3 &G A st S 228w 7 E3dgych C
o =, malloc () I free () EFE AR o] AHE AT UL C++oll A=, A4 A newt deletes
BHAHog 2 oug /‘F‘lﬂtﬁ SEl=FAuEE =95 CY A= Xil??}ﬁ}ﬂ"qi}.
malloc() 02 EFH REWREE EF5L free() & HE3| S H TE3H A& 7testvReE E2 1t
gt o of itk HAlof] free () & TE5t= 2ol F2FULE BE5Y F4F doW A, free ()
TESHA GFodH 2 o] F % 7R B2 g XA 5t= W 2 g & AAE S 5 ‘31%141‘/} oJAS M
—rﬂ—(memoryleak)ﬂi Utk vbdo], 22 730l EZ o 3l free () E TSN U EFS 74]*/\}*‘13}“4
Emalloc() 3&& &3l £ %% AR uf) FEo] HATUT o] AL A H vl 2 2] AR5} (using
freed memory)2Fl U TE 27315 A k2 Ho]HE FZd= A9 2 Yy A9E Ut — F 9

gn A2w A7), uAH s 2E

Ao e i JuAd Ade aeg seu gy JRYu o
dmoidAte Tus bas
zAL

J[m
&11
Kl
ol
2.
M
In
é
2y o 8 ok
rlr mok & oft

|24 4y 2 o

o >
>
offt ofo
ok
rl
fo
e i,
o
A
Ir
[k
KU
>

€ malloc ()% free () & Wol A-88H7] g oll, vl 2 2] 7o} s Al v 28] A& 9] 8F= 2ol
Ytk ,_E_HQ v S X2 3] 4= A| 7] (reference counting) Bl al U T ¥ 8= 7hehghu T 2 E A A of
£ YUk AL O E ARl 2 T2 ol A48 W Sk, B AR W g T
Utk A E 0] £ 2ahE, Aol et vhA o 227k AAE Aol 7 AR 7 A AR ek

A A S A5 71 A = F (automatic garbage collection)©] 2t U T (W2 &=, F=Z 34 A 7] & 7] A]
A Akolgt s A, F 7HAE TS S8 (e ) = ERsUth) As 7HA "F;S-/] VR E RS
AHE A7  free () & BAIALE T2 o7 glvke AYUth (2 o2 39 o) 72 S v R AL
o] 7 o] A RE— o] 21 AT AR o] opdUth) B2 CY B9 X S A7 ol A4 UA FAE
T YA R malloc () F free () AT 5 U= o — o= C HEFo] AT TH, AA & o] A4 A+

A% ARA S AN e AD e A7 CE 3N 389 ol 44 Y A PIA S0 8 AEE S
9 AUk am7A, 2l Bx Aok WA Aokok & AUk,

sl e AEA Fx A% A7 TAS AEFHAY, B2 £ B AANE B AANE AT o] 8
S8 ne19e UM AL AAA 8 A28 Dot 4(o Ao] 2 A5 B 72T
7pe) A 5312) QU thol sl 24757 kol Ttk #x £ B2 (1AW 24 e %) Ao o3
B2E TP AA 2 TN, w8 7 AR 00] ohd Ax ASE Dok LAY Fx A5
A7) FRANAE <8 A o B3t F7h B2 Geleks 32 28] AH o Sokt v wel v} 23] &3
AR A B2 W2 E 25 5 Y

S8 AE/E ANA B2 AAHT oS ABEE S YT ge BELS T4 AE o] 29 H 3 A 7o)
9772 n B4 skt 7 5B ol 2l B2 718 sk B (collect ) ) S AT U 3
A271= 88 74 848 22FUD /1 RA 02 235 o] AT, f92 SHE (W 0S X e
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configure 2 I HE o] ——without-cycle—-gc A4S AFE3le] 9= Al v| &AL & 4 dH5 UL o&A
AR ¢8RS BT gc BES BT 5 et

O[Ol M EZ= Bl M7

Iz 349 271 TA2E AEste F MY W32 E Py_INCREF (x) & Py_DECREF (x) 7} 95 U th
Py_ DECREF()%Q#%OG} Taotd AAE A= FUth AL S A, free) EAH T
aﬂ%guq—m 2 B3 22U o 53 (% 7l

ir e

, A 'ﬂﬂ 50 2 A (type object)oﬂ 2,1‘,: zg¢ 52 91 ]

23
oAl A% 1%15 o} AA Py_INCREF ( Q}Py DECREF (x) & A}%wmw& 2 72 &olE 474
sHAE UL ol = 7%‘%11% (22t (owns) ) o}zl gEUTEH | 181\% A o th gk F2E 2 F (own a reference)
g4 dsUth A F=x A4E olzﬂ o] AA ) et F2E A TE AP R /A= HE
7P17P 3R e tﬂ1 Py_DECREF () & E&slof ¥t 29 2 /FdLZ ¥
#zE8 B3 A 1A B o) owqu} A, AR Py_DECREF () $&. &F8 F2E A4 ko
w2 2] = 7F A g ot
A et F2E e (borrowf A% 7y th &z o of 2} (borrower) = Py_DECREF () & &
Ae dEUTh oAt 28 2R T H o8 AR E B = U AR AR = Ud
Ao S A W 2B E AR S o] dojA A 7

EESS s oF T

FrafolHudu g7 ojde IES T /e RE ARAA FxE AT a7t o=
AdUtt — 5, AL F2 S AL 271 5 Ao rof Aol syt & °6}— R
Ao RS, AHA o SUE TEAY, Y% £ H A AARE 228 AR Fo WA F27) A4
T e MR Aol vk Adyh

¥l FE =Py INCREF ()& T30 &3 22 WA ¢ A5k ol F28 A2 /A9
Fefoll GEFgFE v AA AUt — A2 2fd F2E WS, AT 274 A2 BAFYT (O]A
AfFAHETE obU B A A A e FRE SukE A A& oF Futh

2R #Y

AA Fz7} e dpo s Add wjuieh, £fd o) F2o A ALE A 284 F2AE T AE A o]~

[ o] ARt}

AR et FZ2E et U2 e A2 awd S AEY
o]y} Py_Buildvalue () 2} &2 Al AA & H=+ 7] 2EEE

Utk A7 AAZ A AR 7 ok etE, o AS] g A g A FxRe &F

=°], PyLong_FromLong () & &3] A&5 = el A S FASHL AN & G5 vt 2 w2t

91Ut

o

& AAAdAM AAE FEole B2 55 3294 7 2a7dS A2y A& 9
PyObject_GetAttrString (). 2 & 7}A] A¥bA < R H o] o9 o] 7] wfj o] 17 o] B &stA] o5
t}: PyTuple_GetItem(), PyList_GetItem(), PyDict_GetItem() ¥ PyDict_GetItemString ()

L RE RS Ui EE gAVLeA B B2 S WA

U
PyImport_AddModule () ¥4 E AA = w3tst= AH S vt
7

S 7 AR A Y Fx2 S sy A Al
3t A3 27 sys.modulesel A= o] 917] wiZel 7}s T
AR FxE e ool A2, dndor, g ooz iy FxE U — A2 EAF
S oF 89, Py_INCREF () & AF&Sto] S 2fA7F FUth o] FHole F 7k F28 o 97 d5Ut

PyTuple_SetItem() ¥} PyList_SetItem(). ©] ?&4%% AgE FE st 2/FAS AFUY— A
Ajsleegts! (PyDict_SetItem() I I AFLEL AFA S HA FH5UTF— o] 52 (AA)Y dUh)

3 2= AR AT 9%
ANAE W elol 98 % 3)

H2 (217 (borrowing)) £+ AU Sk A U Th £FAE
8% 95711 o] el eIkt 22 AE oA eIt Bx 04 A

—.—4F->i
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C 347} 5}o] moﬂzﬂ S22 u, TEAZRE 2 Az g 2 E APUth SEA = AA o U IR E
M%M u 2of], A Fxo] £ g uksE w7 x] RAAE UL oy 1Y HEE AR AL
Ads)oF T uf vk Py INCREF () & T &3] &/ IR 2 wrsojok gy}

sbol A A TEH C oA vidE AA A2+ 27T 2o FUtt — 2 Fd2 oA SEAZ
Agga g

AloiS

= =20

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

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

—~

of frs WA List[0] 0] i F2E WY U, 1ist (1] G002 vppal, vpx| gt o 2 W el J2 S
ﬂﬂ@ﬂﬂ~fﬂﬂiﬂﬂﬁ‘ﬂ g gyt

PyList_SetItem() & &9 Alo] 35§ wet7t HAITh B|AE % BEFE e FRE 2 FA, FE 1
= A o el FE 1S A (dispose) 3 oF Lt} o] A A2 FE 10] AFRAF H O Fefao dadaeky
7}@6}1,3311&7}_@1_ HMC £ 393t 9 7+ H Alth o] el Aa' A0 Fx 3T}
1w, o] & ALt _del_ () A= ESHUTH

gtojp o AH 7] WhZoll, _del () UME% deje] oM F=E AYT = F U 1A <]
bwoﬂﬁiwmmm‘ﬁi§$ﬁia+zw* T JS7t82 EEYUTH bug) ol AEH
BEREV del () MIME ﬂﬁ“ﬂAﬂw4q1ﬂ%4Hddﬁhmun4iﬂ%?%%%%@%@
¢%£ﬁﬁwbvﬂ A ol o gk vpA 2 Frepa 7hg e, AN AdE WR e E S AIskaL, 2 A
itemE F2 & g}

A €S g vd, 2 e fd5uth AF LR Fx SI4E AN L. 2HkE vy g e
o3 25yt

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) ;
}

(]

o] 212 AA| o] of7] YU th. o] W A2 sho]yoll= o] 1o ¥
HAE7F A58l ol 78 Lot 7] $13] C Tt Aol A e A
ad Fxol A7 e F A Fee cdes ddd MY Y
Ho s A Fo] JojA, JJr°1L°JEi 2B o KE et

3
s
ok ARk o7, shol o] HA| AA Fhe
=
W3 & Py_BEGIN_ALLOW_THREADSE A}-23}0] o] & IA|F S

=2 el 71013 = fls vk 2,

3]l Al 6} 1 Py_END_ALLOW_THREADS
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S AHg Skl Al SE T 5 QU
2YE7 Z2AAE ALT

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! */

G0z, AR B2E AAE Aok P4 NULL EAE S AT A2 J|jaiA) o, 124 541

£ 9E g (EE 079 3o g fich A do g uase A o2 o2 7}

LX) 1%E}H17MGHHU&NULL SEF U Th NULL A8 AR S ot 45 0] 5 A4l

We AN E B2 B0l AYa7] WUtk — 2 B57hNULLS AARIE E, F5 2A17) Bl HAE L
el

NULLY &4~ Q= ZAHF$AE 0 (422) AT NULLE AASHE Aol 245Ut 9l & S0, malloc ()
oL} o2l & LA D £ A& Tl A

U] Z 2 pPy_INCREF () 2} Py_DECREF () & NULL ZAE & HALSHA] FF Uttt — x| vh, 159 ¥
Py_XINCREF () £} Py_XDECREF () + &9lgtyt}.

ok

=4 Az 8L 5ol57) Hs}uHﬁE(Pytype Check ()= NULL Q11 S SQl3H7) g fch—oha, of el
71t et 3 Oﬂ sl AAE AAe7] S8l AL A o5& A8 | TE6he ZE7FWokA, S8 AL
A EUTH NULL AALS 3t g o %iﬁqrgr.

C ?}—’F A= Uﬂﬂqé% ?:—roil ADE o2} B2 (oo A= args) o] Ao NULLO] obdS B A oh —
EYE BRI

NULL ;%Cﬂﬂ% sho]l W AR AP Al (WEA LAY e AL A 7Fs) of 2] U T}

2.1.11 C++ =2 =tZF ZHAM517]

C++2 832 2ES A4 4 9t A 738 AHato] AR A YT v ol =g 7 (glo] A o E Z el H)

o C AT 7 Asts 3 P a5 @, AR P A M?ﬁﬂ(stanc) AR E A8 ST vl
2230 C+ FAotde| 2 Y39 Aol A7 H A 5y JJrOl’HOEJ g7 228 (53,

55 %7]8} §4) extern "C"E AHg S} AAAS ok FUTH extern "Ch (...} 2 shold S H AL
B2 Bl Gt epluspius 167} OIS B (e A4 Crv B A o] 15 AT
olu] o] A A& EU T

f(edE) 284 32 FASALT O oY B2 FAHA edFUTH— o] 2L o3| 7| E ZEo)A wol B Ych
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2.1.12 =& 2 =2 2|6t C API MIZ517]

B2 g4 REL A Fo| oA AL AEL T2} FS AFsHA T i 2 Y REY Z =T HE S
BE FETF AFULE A& S0, FF EES A Y B aEANYE A5t (Z2E8AX) S T ¢
AFUTH ZF Fo|H F2rE Yo B REo] PAEE UEYN 2FT £ QA 3= CAPIZF I & 2 AH,
o) MER AEUE Poll= e S BEoA A 27T 5 = C 5 JFo] dofof Tyt

Aol oA 2 AAH EAdUth; @A 48 ZAJslL (B2 staticS A AR ¢kar), & A3t 3¢
A& AlF3tal, C APIS A ych A4 o] 218 R & 37 1 5o] A gfo] A S = 311'39} AHog
Fase] Jotd AUttt 1H U BRES FF el B YR AMEE Y, st EEC BoH V& o
BEAA Koz & 5 AdFUth 7HAA 9 AR AFSS 23 Al A of whet o Ut o E Al A E-2 sho] A
JHZEE} BE G BEof 3] A o] F TS AFEStE v (A& 5ol FE9), tE A AH LS
REHIANFA IXEHE 7Y FFS PAF R Q3 AL (AIX7F s A duth, o8 A=
Aegd 5 = E E}HD}(W—‘T‘—%‘:A FY2). B 7S AFH R Holgets, $&38 = d+4E /1A
R EO }X‘Etﬂﬂ %Fde + dFYH

weta] o] Al Aol = 7] & ZFAIA ol T Ell 7FEBHA] 92 Aol R FFH UL o] AL T E A R E O o] E FE
< 93z REY 27| FFE AT AL ZEY BE 7T E staticQ & A Ao & Y u gyt
A BEe] v = Hol B 27]3) oA A E X)) 28]al o] T 7 EE A AA 2 s oftt
e 7S E thE o2 &5 oF g gyt

oA AL REANA GE L REZECTEFAE(ZUE) E DAL= SES W AYUSE AT Uh:
71 (Capsule). &€ 2AH (void *)E A= stol# tolEH P YUttt &> CAPIE FalA T =L
AN 2T 4= QAT T2 Fho]l W AR A H AT 5= 5 UL 53], 4 BEY o5 FHolA o]l YT
FTAFULL EFF EEL | ZES YZE A, o] o5 & 7HAL b, A€ol ZAEHE 7HA L
2~ 0]

= dFYth

2 259 CAPIE &3k Ul HEE ARS8 WHHodl= o8 7HA 7 s U th 24 &7 2R vke] e
A AL, 25 CAPI 22 E 7 A 34 HH":’-J FAE WA AXNET 5 dFYUTE 28 2AEHE ARt
ARE T gst Y2 ZEE ATt ZEH ZEo|JdE BE ol o8 WA or Z44E 4 syt
ol W& AEeE, A€ ol 55 22 A A Ast= Aol T8 FYULh PyCapsule_New () ¥4+ name
j 7 ¥4 (const char *)%ﬁﬁqﬁ} NULL name< AT £+ YA, o] & AAQ3ES FH3] 4
Ut A A ol A AE2 = AT AP A E A S AT e ol & e HES
g2 et pdd ¢ Jds FAEd e syt

modulename.attributename

—ﬂ xﬂ.J_F.,] C API = ‘éﬂ] 2 ‘0‘1—/\ o]z]u]— 7‘33

9l 4 PyCapsule_Import () S AME3HH A<
| 522 C API AR-& 2ol Al AHAl 0] 2 & & 7@301] =HFE CAPI

SES Hfzur AT ek 1 F Yt o
7} 235 o] i AL FUth

-uOFﬂ

g A= RS RS WEWE REY AAARNA S+ PAS BolFEd, g oz A8 E &

gholB g REof 3 HZ‘HE}- AEd ghol ﬂ%voidE?JE%" v ol BE C API 1 E (o] ool A&
St P UTH) E AU ZEo st dly 3td 2 RE5ES X E St CAPI ZAHE 7HA =
AR E AFFUTH S| AE 52 CAPIO| AN 23817 Hof o] ia2E SE3H7| v std H Utk
WEWE 252 M Hhet o9 spam BES 583 A YUt spam.system() &5+ C o] B g
i system() =AY &A= G, AAEE O BT AE S Tt (718 BE HE ol (spam)
< F7Feb= 23 22) PySpam_System () ¥4E TEFUTH o] &4 PySpam_sSystem() & Th2 &7
EEE YR YUk

3t PySpam_System () = BRI C Foln, thE B E 23} 2ol staticC 2 AAH JF5 U

static int
PySpam_System(const char *command)

(F= ol ATl A%)
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return system(command) ;

rlr

spam_system () 5= Al SHA A EH Yt}

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 PylLong_FromLong(sts);

5 A HZA, 2 & vz vl

#include <Python.h>

ge § 22 1 Z7sloF gtk

#define SPAM_MODULE
#include "spammodule.h"

#define2 3¢ o] =

FeoldE BEo] old YR U E ZE 23¢EH S el o AME Yt upx e
2,259 2718 4= CAPI 29

132 Qe v B2 2 7] 3}bsf oF Fth:

PyMODINIT_FUNC

PyInit_spam(void)

{
PyObject *m;
static void *PySpam_API[PySpam API_pointers];
PyObject *c_api_object;

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

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

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

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

return m;

PySpam_API+ staticC 2 AAFUTH 22X oW pyInit_spam() o] £TET uf] Z g wj o] At
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Ay eH
Z] P HEL 3o 9tY spammodule.hol o, o} 3} 25}

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

#endif

/* Header file for spammodule */

/* C API functions */

#define PySpam_System NUM 0

#define PySpam_System RETURN int

#define PySpam_System PROTO (const char *command)

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

#1ifdef SPAM _MODULE
/* This section is used when compiling spammodule.c */

static PySpam_System_RETURN PySpam_System PySpam_System_ PROTO;

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

static void **PySpam_ API;

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

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

static int

import_spam(void)

{

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

}

#endif

#ifdef _ cplusplus
I
#endif

#endif /* !defined (Py_SPAMMODULE_H) */

PySpam_System () &0l QM 2317] 93] Fetoldd
W3 2) import_spam () & T&3= Aol AR YY)

PyMODINIT_FUNC
PyInit_client (void)
{

(BF= sl Aol AI%)
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PyObject *m;

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

o) W9 %2 WS 7Y spanmodule.h7h T BFaIThE AU T, 78 FRE YRS
B4vieh 2olAl, & Me 4 oE g UL

upARto 2 e F7t 75 AT, 55 gl AdH 2UHY W2
Fuch A5 AR Tho] A/C API & 3 1 2 v 7 G € capsules A A 3 & 9 (
Include/pycapsule.h®} Objects/pycapsule.c 3¥) o A E o] QJFUch

2.2 =™ Hol5t]: xiaAM

spol W2 C & BE A A7 WA strd} list F3} upd7iA = :JrOVﬁ FEoA 28T+ e AHER
= AL T =T FU BEFHFY ) =+ dde mEAREL A #SE7] Aol o]l of & Al ARetol
AFUTh o] A FA o e bk iﬂ%?&‘%“/}-

221 7|x

CPython AE} 9 R sto]d A& pyObject* o] M4 235k, o= 2E stold A9 (H
oj~y) &L Frh PyObject TF2A A= AA L xSl AA Y (7 7—‘|Uﬂ>>°ﬂ o s =l Ef vk
E3UTh o 7171 dd o] dojub= ﬁ‘?:?‘/]“/} g A= olE 5ol AN JERES 23]t AY,
Ui]*iE%i%‘Pﬂlfr, o2 A9 FE o AE = ﬂEV} TE3E (O FE AU oy C

(B A=) gt gyt

webA, Al E38 S Josted, Al 3§ AAE ook anp}

olF FF AL AAZ U AT 4= Qo] A, o 7ol C &7 ZE custom Woll A Customo|2h&= A &
Aol dt= Fadto| A AT R Eo] QlFUT:

;o 7)o th} AL A9 (static) FFF S Aol t= A5
Olt ?M t}. C APl 3 PyType_FromSpec () 4E AHE-31]
o] ApH Ao A= B}Eﬂ A=

#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)

(TH& ST Aol A1)
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.tp_name = "custom.Custom",
.tp_doc = "Custom objects",
.tp_basicsize = sizeof (CustomObject),
.tp_itemsize = 0,
.tp_flags = Py_TPFLAGS_DEFAULT,
.tp_new = PyType_GenericNew,

bi

static PyModuleDef custommodule = {
PyModuleDef_ HEAD_INIT,

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

bi

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

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

Py_INCREF (&CustomType) ;

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

return m;

oAl = g ol ui gl ok & Zlo] WAIR, o] W FF} vEl] Kol 7] S vt o] ¥
1. custom Aol £3H Z: CustomObject F+ZFA| o], ZF Custom A~
2. Custom ¥ 9] 2% WAl CustomType F+Z A o]n, EA A4to] R HE uj] Qe Z 27
Fol 19 o A ATE Aol g
3. custom EES 27|35t= WY PyInit_custom @49 # & custommodule FZ A Y th
20 A e

typedef struct {
PyObject_HEAD
} CustomObiject;

°] Zo] Custom A Al 2ghd 71§t} PyObject HEADE ZF A +34] 2 /\1’%‘—‘:}%_'—01] PrHoR 0%
Aol 1, PyObject B9 ob_basegh BEE Aol 3to], @ Azl hat ZAE 9} B2 A58 2P
(O 4SS 212 =12 py_TvpE} Py REFCNTE AFB-310] 942 & 4 9L Th. o] o] 12 9l o fo
1 2] (layout) & F/d8}stal i 2 A =oq F7F 2EE F43}str] 9 AdUtt

Fil: pyObject HEAD WA 2 F ol Al E2&0°] flguth A& F7lste 2ol Tt e: 47
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v 24 AUTh

EE A= vt o2 £F PyObject _HEAD #§F 9o 7Ll o]HE AFZF UL o &

3}-o] 4 floats o] ‘41?&1 o= v=d st

i
E2
E
N

typedef struct {
PyObject_HEAD
double ob_fval;
} PyFloatObiject;

= R AL g AR ) Aol U,

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

bi

ZF3: A 22 G EE PyTypeObject ZEE YE3R| ¢ o] A A5 A 2R ggod,
98} Zro] C99 2~ e} o] A H (designated) & 7| S ALE AL 5= 74 o] el =

object .ne] gl PyTypeobiect o A7) Aol o) Ao HTHE Be Y=E AT Ui BuC
At el o3 002 AN A, BL5HA Ghow FA Aoz AGsHA g Zo] YA AU

3 wlo & WA whe the g

’ PyVarObject_ HEAD_INIT (NULL, 0)

o] & folA dF 3 ob_base BEE Z7]3}617] 93 B4+ A4EF I

’.tp_name = "custom.Custom",

-2 PO o] . o] AL A9 V| E HAE BHI} AR o g HlA X o] YEPEU T o & Sol:

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

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

olFol EEOEH EE W IFY ]%% BE Xt o Y o5 Yol Y AHAIL. o] A BE
L customo]I & CustomO] 2} A], & o] &L custom.CustomlZE A At} ¥ o] pydocH pickle
RES SR EE AW AA Ao 2RE QEE J2E ASHE Aol TR

.tp_basicsize = sizeof (CustomObject),

.tp_itemsize = 0,

o] ME % Custom ALE2E WS 1) stoHo] FFV MR FL & 5 YES 57 AT AUt
tp_itemsizex 7FH 2 7] AR AW ARG H ] T A] koW 00 o oF Ttk

Fa, Pol Mo~ T2 tp_basicsized 7FA W,

4e%9
Ut 89 gtolH A B FeAE _ bases_ o o] S HA VA& oF
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Fuch 282 oW oy glo] F _new_ () FINEE TEY .
tp_basicsize S ZE = 3lo] o] ZAIFL T £ QS UTh hRE AL, o)A

Hlo]2g o] object o] Ay, ZH A ko wlojA~ Yol vl o] H W E 5713} 5'-7]% s7l w2 d itk

Zd 2 =¥ 1E Py _TPFLAGS_DEFAULTE A A stk

.tp_flags = Py_TPFLAGS_DEFAULT,

BE G o] 458 F 0] EFF FUITh Aolw vl 3374 Al E R E WHE BT
F7hunsE e o, 6H Fl1% OR o1} T

.tp_doc = "Custom objects",

A7 A4e 7155 el ¥, tp_new A2 71 AT oF T o AL Tl M UMANE _new__() 9}
E5o A%, WA M2 Qs of gich o] A$elli, APl §4 PyType_GenericNew () A Al 8 otE
B TRE 1A S YEITh

’.tp_new = PyType_GenericNew, ‘

PyTnit_custom() o Q¥ AEE A9)51 1, HAo) e BE Y &L o) %3] of FuTh:

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

o] 21 Custom ¥ 27|38 3=d], A Foll NULLE A4St ob_types 2
Foz Ayt

Py_INCREF (&CustomType) ;

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

%
K=
&
9
)
=
R
]
2~
iy
rot
N
e

o] AL FEL EE gAYl F7H Ut Custon A E TE60] Custon 2 2E TS F YRS

>>> import custom

>>> mycustom = custom.Custom()
o) Al AR YU TH ol gl 2L W= AUtk A9 TS custom. cehi Dol Y
from distutils.core import setup, Extension
setup (name="custom", version="1.0",
ext_modules=[Extension ("custom", ["custom.c"])])

£ setup.pydhe ¥ €2 5 &

$ python setup.py build

Ao dEstdE A B g E go 39 custom. soE A

!}
o
Al 28 Al & — import custom & 4 9131 Custom 2 A

28 oA eyt 187 Pupal

sl ok g h sl T e g 2 o] Eato] Fho|de
|2 = 4 AUk

22, 234 Mo|5H7|: AIEM 27




Extending and Embedding Python, £ A| B{% 3.8.13

ustom & 12 F0) 8§ GHUTh Ho 67 9 ob R AE A EUTh AE A2 T

rh
) gt
-
o

FA, 4
S B Aol § 2t o) 448
29719 A8 A A DA A 2e

2.2.2 7|= of|x|ofl IO|E{=F HIME =71517|

] TE%BP“ﬂ MEE F7FHE = 712 oA & &3 BT S wlolx FARE AFEE S JES FAT
o= 7lse F7eke A B BE custom2E BHE 29Ut

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

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

} CustomObiject;

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

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

CustomObject *self;

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

self->first = PyUnicode_FromString("");

if (self->first == NULL) {

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

static int
Custom_init (CustomObject *self, PyObject *args, PyObject *kwds)

(CF= ol ATl A%)
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static char *kwlist[] = {"first", "last", "number", NULL};
PyObject *first = NULL, *last = NULL, *tmp;

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

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

}

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

}

return 0O;

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

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

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

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

bi

static PyTypeObject CustomType = {

(TH& ST Aol A1)

.l

(0]
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PyVarObject_HEAD_INIT (NULL, 0)

.tp_name = "custom2.Custom",

.tp_doc = "Custom objects",

.tp_basicsize = sizeof (CustomObject),

.tp_itemsize = 0,

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

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

.tp_methods = Custom_methods,
bi

static PyModuleDef custommodule = {
PyModuleDef_ HEAD_INIT,

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

bi

PyMODINIT_FUNC
PyInit_custom2 (void)
{
PyObject *m;
if (PyType_Ready (&CustomType) < 0)
return NULL;

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

Py_INCREF (&CustomType) ;

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

return m;

o] e hFol 4Eeke AN Y o2 HEES Aot vl AHgBE HAL AF T Th
Custom &2 oA C FEZA| 9 first, last D number2] H| 7}A] dl o] ] ol EB] R E 7} AdH5 YT firste} last 4=
ol 5 & EshE stol X FAHE ?:MD} number 9| E 2] HE+= C Z YU th
AR P23 & The T 2ol AAF Utk
typedef struct {

PyObject_HEAD

PyObject *first; /* first name */

(ThS sToTAT ol A1)
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PyObject *last; /* last name */
int number;
} CustomObiject;

oA 2 tlo) e 7} 917 wwol, AR BT} B Ao Dol HS AZaoF Tk A4, T A
WA =7} 8 e g o

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

o] tp_dealloc WH ol thY gt}

.tp_dealloc = (destructor) Custom_dealloc,

ol MM E+= MA F vfold o) ERRES F= 345 A ¥ YT Py_XDECREF () £ UA7FNULLS 3
(tp_newZ}F 7ol Aofstd D8 5= Q5 Uth & SutE A A2 Futh 28 th3 A4 & (Py_TYPE (self)
2 AAFUH Y tp_free AW E TE39 AA 2 WE 2 E HAFTUTh A P o] CustomType©] ot
T Aol FYFAA L, AA = A B Zef2d d2dad 5 Q7] df EJ Ut

Zr31: CustomObject * O]Z}E FH 3= = Custom_deallocS FOPA U tp_dealloc &4 EQAEHE=
PyObject * 1AE W2 Z1 0 & 7|t)5}7] w) £l 919 destructorZ 9 Uﬂ/\] A NA~EZ D Q3T
T2 o, AstAe el Al 4 b AT o] Aol C2 s AR A% chE A QL o

et Aol Fol M BAGR 27315 £ 33 JoI A, tp_new F AL AFFU

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

CustomObject *self;

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

self->first = PyUnicode_FromString("");

if (self->first == NULL) {

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

}
return (PyObject *) self;

83 12S tp_new W o] A X3}

.tp_new = Custom_new,
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tp_new A 27 P2 AAE (27132} thn]sto]) A= A LS JUth FolHo A __new_ () WA
=2 29Ut tp_new WHE 7@45‘” g+ glom, 4 Zi]i 0o YL 99 custom F Y 14 ik
WA A A H PyType_GenericNew () & XH/\P%ﬁPﬂE’}EJ‘% th A 32, tp_new A | 7] € AF§3F] first
%} last ﬂ_ﬂ EEZNULLO| ofd 7| B gto 7 2735t}

tp_news A2®H2 3L H = PJXE Feha7 JdadA 3 HHE, WEEA] CustomTyped B2+ iU Th
Yol 3 %% o AgE BE QA AGH H, u]’toi/_ﬂ A2HAE AT Ao 7]“1%141‘4’- tp_new
A 7= AL 719 = ‘?lz]'% wrolZ o] 2| gk, FF AAME FAIstAL Q1A A 2] & 2713} (CY] tp_init
atel e __init_ ) WA ZoA FAF YT

;‘é]._]-_]_: ?J_E%_I._L_ﬂ EJ 7]. X_]' Pg ‘5;;— 7/—1 O] ﬂ-A—], tp_new—‘f Ué/\] E,_Q_E tp_init% i%%}@ 2t Sé ]41:]'

tp_new 7H& tp_alloc €X= S &0t MRl & 3 ch:

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

W22 @pol A @ 4 Lol A, AW ] Aol tp_alloc A37ENULLe] obdA) F A5 of T Th

3 $EEtp_alloc €52 A3 AR k5 Uth A PyType_Ready () 7} Wl o] Ee A (7] 23
© 2 object YU th ol A A< 3o OIEZHHHD}. thRE] gL 7B gt AgkS A2

: ¥4 tp_new( ]2 tp newlt _new_ () E T E3= 2)E UEE A9, AY Al HiAME
©AE A8 olel SR AASE 44507 1A Gobol Ytk I oW 32 TERA

1, 279 tp_news A F, E=type->tp_base->tp_news T T &
o] N H FYAE &S A FY Tl HE%EHéﬂ%H}E

2~
O e
1, TypeErrorg @4 %5}2?3/«1, olH T AE ZFU2Y JA2HAE USR] ZE F = YFUTH)

S oX i,
pmﬂﬁﬂ

A
e}

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

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

if (first) A
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) ;

(THE SOl AToll A1)
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return 0O;

}

O] ACE tp_init €FE A rh:

.tp_init = (initproc) Custom_init,

tp_init €2 ol MolA _init_ () WASZ w2BUCh A7 UE02 § 2755 o A8 H
Uth 2718k B4 919 19 E RS Wl S ol vl 4T Al 0 E ofe] Al -1:2 whgka of g o,

A
oL

tp_new 479 22, tp_init7}otel] £2% A F& += UFUTHEIE Bof, pickle BEL /EAC
Easizd dadadd it (@ 2ESA gach ol 42 S Ay e £
AAY _init__() WNES EET 5 ALUh ol o[ R, M o= HE ¢S YT W 283
SR T A% Fol £irat WS O 53 Tol el T 4 AG U

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

}

(

S ol AL ARAUEE, 72 G rixor Aolo) F& AW o), WE FF2| 47744 4 Ak
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49 e 58 AN E A S AN A AR 5 A o) T A B @
F g%tk

AAF A0l H 1 o] A5 HoRRH S AN BEI] A, Selt A G4 Fx AT Fol 7] Ao

w2 thAl S g ok QA o) 27 B4 eolw B 783
- FE AR A0k AL A5 S Y w;

- A GG HA T GILE AAFAE F0 Fo TEES T TEHAE $LS AT Y

+ 3 HHA 5 AE AN G B9 tp_dealloc e /NA FE A5 E oA L 0’
ArEs WSS JERER B3t 1 ULk o & 2B3E Polt oY A7 AUk g
Zhekel wpg e Wl Aol & ot AU

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

bi

183 tp_members €%l A& @5}

.tp_members = Custom_members,
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ol FHe G2 oM AEFREN YT 5 = AA & At & AFIA Fethe
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static PyObject *
Custom_name (CustomObject *self, PyObject *Py_UNUSED (ignored))
{
if (self->first == NULL) {
PyErr_SetString (PyExc_AttributeError, "first");
return NULL;
}
if (self->last == NULL) {
PyErr_SetString (PyExc_AttributeError, "last");
return NULL;
3

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

o] A E & Ccustom ((E= Custom A/ H S 2) AAEHAE N HA QAR HI=C 4= TAF YL
MASE B4 AL0LE A 0A A4S A PUL. HASE 55920992 A4 A 5, o

SolE ol R AR AohA] Shobr AX QA FEIL AN AA GA B Rl EY B2 Gtk o
uﬂ/‘iE% T3 22 ho] A wl A =9} 55T

def name (self):

return " " % (self.first, self.last)
firste last WHZFNULL Y 7H5/4d & gl sl of ol # o st Al . A4 & = Q1 7] wf &<l e, o] NULL
= 449 ek 1316}01 P RES A4S YA S o BT RE e EALR ABTHE Aol o FHTh
< AR A o] & 5T P Ao HAH T
olzﬂuﬂzﬂzgwwuw, WA= A o) ] 4L v ook gtk
static PyMethodDef Custom_methods[] = {

{"name", (PyCFunction) Custom_name, METH_NOARGS,
"Return the name, combining the first and last name"
}I
{NULL} /* Sentinel */
bi

(2] METH_NOARGS E¥) 18 AH§3ho] I A = 7hself 0] 919] AAE 71tk 5HA] ¢3-S vhehi ol 791 3
A L)

I28]3 tp_methods €59 vl Jg}:

.tp_methods = Custom_methods,

upxj gt g2, 29 PS5 A B FEAY oA FHAE AET S A e AP Ut 8+ AF7HA
TS A AV AFEE L Gl AR ] 3ol o3l 7}13% SHA] = F wAEE FYsA A AF U LA
ZHP2 S 2 Aol Py _TPFLAGS_BASETYPES £7}35}7] 9k b S Uth

.tp_flags = Py_TPFLAGS_DEFAULT | Py_TPFLAGS_BASETYPE,

PyInit_custom ()9 o]&& PyInit_custom? () & B}H 11, PyModuleDef LR A oA & o] &2 A4l
3}, PyTypeObject XA A A AA Sl O]%% 7341 g ok

upAEte 2, A BES WE S 93 setup.py HAE BAFU T
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from distutils.core import setup, Extension

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

1

2.23 O0|E HER|FEE O MZsHAl A01517]

o] M Mo A&, Custom A A first} last HEZHEZ AAEHE AL o N USHA Aol gyt
o] WAL REAE, Ad2HA M first9 lastE EAG o] ofd gro g AASAY AA S =

g Uth o] =P HES B4 BAG0] EFHEF s 45U

#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) H{
Py_DECREF (self);
return NULL;
}
self->number = 0;

}
return (PyObject *) self;

static int
Custom_init (CustomObject *self, PyObject *args, PyObject *kwds)

(THE STToTAT ol A1)
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static char *kwlist[] = {"first", "last", "number", NULL};
PyObject *first = NULL, *last = NULL, *tmp;

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

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

}

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

}

return 0O;

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

bi

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

Py_INCREF (self->first);

return self->first;

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

(TH& ST Aol A1)
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static PyObject *
Custom_getlast (CustomObject *self, wvoid *closure)
{

Py_INCREF (self->last);

return self->last;

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

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

bi

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

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

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

bi

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

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

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

.tp_methods = Custom_methods,
.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;

ru[m

first®}last OJEZHFEE O &9 02 A ofst7] A3l AHEAL %

o Al Eﬁ (getter) 2} M| ] (setter) $F4=
AHEFUTH first EHES 7MA o1 A s e o %

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

Py_INCREF (self->first);

return self->first;

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

(TH& SOl Aol A1)
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"The first attribute value must be a string");
return -1;
}
tmp = self->first;
Py_INCREF (value);
self->first = value;
Py_DECREF (tmp) ;
return 0;

A B (getter) Srrofl = custom AA| 2} (ZE A (closure) ) (void 1E%)7} AP Ut) o] 49, Z A=
/\]51141—/} (FE2A+= A9 dlo]H 7} A E (getter) 2F M E (setter) &2 AZE = 1F AFEHE AUt o:ﬂ
o, 2E2A9 dolg o] 7]utsto] 7HA L AU A AH S ol EE| R EES A o= T Al E (getter) 2} Al B (setter)
T AS 7oA Fth)

A8 (setter) Holli= Custom A A, A} gk B 22 A (closure) 7} &g Y th Af gk-2 NULLY = 9l &
A< ol =gl R e AR UL AE (setter) OM, T2l o BB RET}AAE AL}AH Zrol EA o] o
ol & LAY

PyGetSetDef F+Z A9 wj¥ L w5 }:

r_EL 2o

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

131 tp_getset F o) S22t}

.tp_getset = Custom_getsetters,

PyGetSetDef XA 2] vhA| v} FE2 QoA AFsH (F2A ) YUth o] AL, FZAE AFE3HA] olA,
NULLYF A g}

L o] T o ETFE e W H oS A AT

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

bi

=3 EAG ADHEE tp_init A7) S A oF FU T}

Mo

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

if (!PyArg_ParseTupleAndKeywords (args, kwds, "|UUi", kwlist,

3925 ol Al first S} last W ¥ 7 B olehs AL G3 Qoi M, HE A5 E Folb o W RAT  YAW, Sl 24D AR
e Aid A WolE Utk ANt FADL GG AT Aol 92 AR ohA] TEH AL Grieks, B4 A8 Fe) e
Ar8sg I AASHE Aol AA 2 A $2H A et 24T 5 gavch
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sfirst, &last,
&self->number))
return -1;

if (first) A
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;
}
ol213t M P2 Foll, first 2 last W7} A NULL O] oh 2}l SAIE 4= 9loj A, A9 BE 779l NULL
ZANE AAT 5 A5 U o] A2 R 79 Py_XDECREF () $&©| Py_DECREF () &&= H3d &
AdSS ougdych olB T &S HAL T Y= FYN F4 = tp_dealloc FHo A 2], tp_newol Al
ol W o] 27|37t A S 7HsAd ol dFUTh
TSt o) A u A 2, 27)3) oA BE 273} S E ol &< v, setup.py 3Pl 7
Ao & F7HE Ut
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>>> 1 = []

>>> 1.append (1)

>>> del 1

of Aol A, A & 2ok B AEE TR YT AAS = o8] A F27F ds U Fx A7t
oA A Geuth dF2HAE, stol W] £8 7 A £ AV = A5 HAETF A S Fe
A Y T

Custom o A&} 5+ AA HANM =, BE FF AAE firstlast ERE AFL %ﬁ%wﬂ
Attt & A e Al WA WA M e, customS A E ZA & 5 YA, AH FePae g
EES 2718 4 dF UL o] T 7HA o] F olu AL R, Custon AA = £ FJT 5

I“_40
‘IO

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

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

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

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

} CustomObject;

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

Py_VISIT(self->first);

Py_VISIT (self->last);

return 0;

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

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

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

CustomObject *self;

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

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

Py_DECREF (self);
return NULL;

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

}
return (PyObject *) self;

static int

(TH& ST Aol A1)
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Custom_init (CustomObject *self, PyObject *args, PyObject *kwds)
{
static char *kwlist[] = {"first", "last", "number", NULL};
PyObject *first = NULL, *last = NULL, *tmp;

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

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

}

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

}

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

(TH& ST Aol A1)
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static PyObject *
Custom_getlast (CustomObject *self,

{
Py_INCREF (self->1last);
return self->last;

static int
Custom_setlast (CustomObject *self,
{

void *closure)

PyObject *value, wvoid *closure)

"Cannot delete the last attribute");

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

}

if (!PyUnicode_Check (value)) {

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

return -1;
}
Py_INCREF (value);
Py_CLEAR(self->last);

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

"last name",
{NULL}

NULL},
/* Sentinel */

i

static PyObject *
Custom_name (CustomObject *self,

{

return PyUnicode_FromFormat ("%S %S",

static PyMethodDef Custom_methods]]

{"name",
"Return the name,

b
{NULL}

(PyCFunction)

/* Sentinel */

bi

static PyTypeObject CustomType = {
)

PyVarObject_HEAD_INIT (NULL, O
.tp_name =
.tp_doc =

.tp_basicsize =
.tp_itemsize = 0,
.tp_flags =
.tp_new = Custom_new,
.tp_init = (initproc)
.tp_dealloc = (destructor)

"custom4.Custom",
"Custom objects",

Custom_name,
combining the first and last name"

Py_TPFLAGS_DEFAULT

PyObject *Py_UNUSED (ignored))

self->first, self->last);

= A
METH_NOARGS,

sizeof (CustomObject),

| Py_TPFLAGS_BASETYPE | Py_TPFLAGS_HAVE_GC,

Custom_init,
Custom_dealloc,

(TH& ST Aol A1)

22 =Y H

03
ot
N

0.
10

ol

I3t XtEM

43




Extending and Embedding Python, £ A| B{% 3.8.13

(o] A sl o] A A M A%)

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

.tp_methods = Custom_methods,
.tp_getset = Custom_getsetters,

bi

static PyModuleDef custommodule = {
PyModuleDef_ HEAD_INIT,

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

bi

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

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

Py_INCREF (&CustomType) ;

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

return m;

e

T A AB AA A H&l & 5 JAEF FYth:

o
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A A, A (traversal) H| A E= <3 GC 71 <319

M

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

return 0O;

—~

cgo] Fol @ 5 Y 2 A B ARG 3 G AA o] AYH & visit () FHE BE3oF Tk
visit () @5t AN AA G G WA Ee] DD 27k AR arg AAE AAZ A F U 00] obd B
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static int
Custom_traverse (CustomObject *self, visitproc visit, wvoid *arqg)
{

Py_VISIT (self->first);

Py_VISIT (self->last);

return 0;

3 Py _VISIT () & A& ¥ tp_traverse FRONA QAA} o] 52 visit 2 arg® 73 &5 A A A 3 oF
.

A, < 8ol FolF 4 9E An A7
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static int
Custom_clear (CustomObject *self)
{
Py_CLEAR (self->first);
Py_CLEAR(self->last);
return O;
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PyObject *tmp;

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

J8Y %, JEREE AT u] &4 Py CLEAR() & AFE3717F X F oA H 7 A5tk A1AES
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static void
Custom_dealloc (CustomObject *self)
{
PyObject_GC_UnTrack (self);
Custom_clear (self);
Py_TYPE (self)->tp_free ((PyObject *) self);
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.tp_flags = Py_TPFLAGS_DEFAULT | Py_TPFLAGS_BASETYPE | Py_TPFLAGS_HAVE_GC,
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>>> import sublist

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

>>> print (len(s))

6

>>> print (s.increment ())

1

>>> print (s.increment ())

2

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

typedef struct {
PyListObject list;
int state;

} SubListObject;

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 = {

(TF= ol ATell A%

46 Chapter 2. X} =7 Qi0| &2 OHE 7|




Extending and Embedding Python, £A| B{% 3.8.13

(o] A sl o] A A M A%)

PyVarObject_HEAD_INIT (NULL, O0)

.tp_name = "sublist.SubList",

.tp_doc = "SubList objects",

.tp_basicsize = sizeof (SubListObject),

.tp_itemsize = 0,

.tp_flags = Py_TPFLAGS_DEFAULT | Py_TPFLAGS_BASETYPE,
.tp_init = (initproc) SubList_init,

tp_methods = SubList_methods,
bi

static PyModuleDef sublistmodule = {
PyModuleDef_ HEAD_INIT,

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

bi

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

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

Py_INCREF (&SubListType) ;

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

return m;
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typedef struct {
PyListObject list;
int state;

} SubListObject;

Y AR e F8 Aol F-2 Wo|AaFG o] AX F2A7F A AR gho]ofoF shrh= A YU th Wl o] 232 o] ]
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static int
SubList_init (SubListObject *self, PyObject *args, PyObject *kwds)
{

if (PyList_Type.tp_init ((PyObject *) self, args, kwds) < 0)

(TH& ST Aol A1)
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return -1;
self->state = 0;
return O;
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PyMODINIT_FUNC
PyInit_sublist (void)
{

PyObject* m;

SubListType.tp_base = &PyList_Type;

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

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

Py_INCREF (sSubListType) ;

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

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

/* Methods to implement standard operations */

(THS SOl Aol A1)
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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 */

/* call function for all accessible objects */
traverseproc tp_traverse;

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

/* rich comparisons */
richcmpfunc tp_richcompare;

/* weak reference enabler */
Py_ssize_t tp_weaklistoffset;

/* Iterators */
getiterfunc tp_iter;
iternextfunc tp_iternext;

/* Attribute descriptor and subclassing stuff */
struct PyMethodDef *tp_methods;

struct PyMemberDef *tp_members;

struct PyGetSetDef *tp_getset;

struct _typeobject *tp_base;

PyObject *tp_dict;

descrgetfunc tp_descr_get;

descrsetfunc tp_descr_set;

Py_ssize_t tp_dictoffset;

(FF= sl el Aol AI%)
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} PyTypeObject;

initproc tp_init;

allocfunc tp_alloc;

newfunc tp_new;

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

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

PyObject *tp_subclasses;

PyObject *tp_weaklist;

destructor tp_del;

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

destructor tp_finalize;
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’const char *tp_name; /* For printing */
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’Py_ssize_t tp_basicsize, tp_itemsize; /* For allocation */
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const char *tp_doc;
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’destructor tp_dealloc;

o) Yt B AxW2Y B2 A4AH00%E Fo]ET sl A JAHZE I 1AL ABE I T
B T R I PR I e b e Y e A
AH AA = o174 A ok Gtk of G2 ol ket 2EUTH:

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

}

A Y T8 T AT F e AR FA A E IHE GA Folok st A9 Uth A
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PyErr_Fetch() 2} PyErr_Restore () &FE AFE3to] 3T = 5t

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_CallObject (self->my_callback, NULL);
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);

}
Py_TYPE (obj) —>tp_free ((PyObject*)self);
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reprfunc tp_repr;
reprfunc tp_str;
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static PyObject *
newdatatype_repr (newdatatypeobject * obj)
{
return PyUnicode_FromFormat ("Repr—-ified_newdatatype{{size:%d}}",
obj->obj_UnderlyingDatatypePtr->size);
}
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static PyObject *
newdatatype_str (newdatatypeobject * obj)
{
return PyUnicode_FromFormat ("Stringified_newdatatype{{size:%d}}",
obj->obj_UnderlyingDatatypePtr->size);
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getattrfunc tp_getattr; /* char * version */

setattrfunc tp_setattr;

VA V4

getattrofunc tp_getattro; /* PyObject * version */

setattrofunc tp_setattro;
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1. PyType_Ready ()
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PyType_Ready () 7t &2 uf, 3 AR 7} Fx b= 3709 H o] £ AHE-3te] 3 AR ] YA 1] of vl X =]
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struct PyMethodDef *tp_methods;
struct PyMemberDef *tp_members;
struct PyGetSetDef *tp_getset;

tp_methods”} NULL®] o}U ™, PyMethodDef 24| 9] vl E-& =z of gt} Hlo| 89 72+ 52 v}
F2A9 AdxdxdYyrt:

typedef struct PyMethodDef {

const char “*ml_name; /* method name */

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

const char *ml_doc; /* docstring */

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

int type;
int offset;
int flags;
const char *doc;

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

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

tp_setattr 7= FHP A2 A2HAY _ setattr_ ()oY __delattr_ () WIAE=E/IZESE w55
AUt} o] E g HEZ AbA|d oF 59, A WA wj A W NULLo] FUth o2 @3] A& DA 7=
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static int

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

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

tp_richcompare A& 7|=Hu7t 8T o SESHYTh __1t__ () & 22 FH 30l v A =0 5 5}
W, PyObject_RichCompare () & PyObject_RichCompareBool () o &A=
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static PyObject *
newdatatype_richcmp (PyObject *objl, PyObject *obj2, int op)
{

PyObject *result;

int ¢, sizel, size2;

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

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

switch (op) {

case Py_LT: c = sizel < size2; break;
case Py_LE: c = sizel <= size2; break;
case Py_EQ: c = sizel == size2; break;
case Py_NE: c = sizel != size2; break;
case Py_GT: c = sizel > size2; break;
case Py_GE: 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;

oAHEY AR A A2 EE g AAAY 53 EE 5189, C¥ PyNumberMethods,
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hashfunc tp_hash;
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static Py_hash_t

newdatatype_hash (newdatatypeobject *obj)
{

Py_hash_t result;

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

return result;

py_hash_t & EAEol fek Weke Uuls] $F Sl A YYUT tp_hashel 4 -1& WA A4 E
A A, 919} o] Gl A A o] 4B NS o] WHeka)A) k% o) of g oh.

ternaryfunc tp_call;

ol e HolHPFY ArdA7(EE)F W SESHUTH ol & 9], objlo] Ho]H P9 IAH 203
golH AT HE objl('hello") 7} 8T o] I o™ tp_call A 7|7t T&F Yt}

o] = Al A AHE FH T

L self = E&] el dlol 8 9] 1ot agyeh £F0] objl ('hello’) oW, self = obi1 YU Th

2. argse T O AAE 28 5l= FEZ YUYl PyArg_ParseTuple () & AME31o] QAALE &
T AsFUh

3. kwdse AEE 7|9 = A2 9yt o] Aol nuLLo] ofy il 7| Y= AAE A At
PyArg_ParseTupleAndKeywords () & A& 3lo] QAE 2E3F4AA L. 7]YE QA AE X HFHA
¢k o] A o] NULLO] o}, 7] & QX7 X QE A k=th= WA X 9 87 TypeErrorE WA A 7]
A2

T3 tp_call +AL 23 25 Uth:

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

{

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

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

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

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

ol e olH oY 22 EF A9 ATt F A7) ZF A3 st viv) i, T EHE A&
s F ot Af ’é‘ii LT s R s 2 B e M R s @7@5} NULLZ E‘}%OH Ut tp_iter
Lol iter_ () WA= 33t tp_iternexti FolMW _ next_ () WA =] s

BE olEEE AT maﬂomzﬂiﬂ%rﬂ%ﬁﬂok%}—t—tp_itenmﬂé;rsﬂwuu}u} 2 3ol 4
Zezolx A g5 E 35 AQAUh

« o2l 7)o = olE oS AP 5 A AN (FY HA2ERFE) AL, tp iterE 52T

uj uhet Al o] B 2 o] B] 7} vhE o] A AL gk of of ghy T

« ST ol Eeo)E B 4 Yl (WF 1Y AA A o] a0 Ae) $AE0 2 s AL £szo] B
M2 FARE WM tp_iterE 7T = AF YT - WA tp_iternext A 27| = F &3l oF
ek

BE olE#dolH AA = tp_iter®tp_iternextd 5 T A3 oF Futh o|H# 0B 9 tp_iter A g
7]1%= olE gl o] E o th3t 2 F2E w3l of T} tp_iternext A g 7] ol Ed o] A9 t}S A A
Atk ol thgk A Fx & whedaf of gt o] B gl o] d o] Zoll =25, tp_ iternext% o 2] & A 8HA]
9231 NULL= RFFS}A U NULLS WHeHsH= 2l of T 5 StopIteratlon2 AART 4 AsUh oY E 3std
5ol 1 FEE 5 AUk AA 72, tp_iternext= FA4 194 £ A4 st NULL S

ukgka of ok,

W) oFat Fzx TA BE F b A%ol F28 AA (HY £ ol vhak BehE BN A A
BE Yol oFg A2 W AUZ BB 4+ YEF s AT

weakref 25O th3st A A,

=
A7} kA F2D 5 dodw, BFY o] T A e S aAs o gk

1. st Fx v AYS A& CAA F2A| o pyObject* EE ZFSAAI L. AA Y A= o] A&
NULLE &7 Fofof JHE‘r N E tp_allocg AHR e ml= 25 AU th
2. Az o] AN AL 5= HHS & JESF, tp_weaklistoffset I HHE
C A F2AANA oA AFs o] ezl oz HAIFAAIL
TAZOZ, 32 5 BEZ AL A L2AE B P Ut

typedef struct {

PyObject_HEAD

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

23 AR os A § AR e S

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

FL3 71 A =7 NULLe] o} Y™ tp_dealloc©] (PyObject_ClearWeakRefs () & S&319))
BE IR FRE AL ZQ7F A= AY YT
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static void
Trivial_dealloc(TrivialObject *self)

{

/* Clear weakrefs first before calling any destructors */

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

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

2.3.7 FI} H[¢t

M Elole o EF HAEE L= WS vl 9, CPython 22~ T EE T34 Al L. Objects T H

2l & o] 53t “/‘r— Cax J} Jo| A tp_of Yt 715 He A (& S, tp_richcompare) & A5t

Ao FAHAL B o2 3
o

A7 7E 5 G| T4 A
A ol = ok 3t g o)

o
=
H201 2] &) o 311, PyObject _TypeCheck () T8 ARSI Al L.

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

¥

o B
CPython 22 | AE &2 E314 A Q. https://www.python.org/downloads/source/

GitHub 2] CPython Z 2 A & CPython 22 F T 7} 7=+ 3L, https://github.com/python/cpython

CPython®] C 4 2715 §4-8 vl vl B4 ol Bl Yith (1§ B, Dt oo, AESE
pyd).

AEE B4 9o, TF vhol 1elel 7} pyTronpaTHO| 910 oF 39, R F ol S W} A AT SHAE
=914 o] F Ao of Yt} distutils & A&, SHHE IH o] Fo] A5 o2 A H Ut
2718 Bee e T 28 AU S 2eTh
PyObject* PyInit_modulename (void)
443 27)3t€ REO|Y PyModuleDef AATAE WHEHGHY T} Z4A| 8 W 8- initializing-modules& 32
SR A 0.

A, 2] o] ES PyInit_<modulename>©o|o]oF gt} of 7] A
<modulename>< 2 E9| o] 7 X33y t}. multi-phase-initialization S A& w ASCII 7} o} d 2 & o]

o

£l &g th o] A%, 2713} 4 o] 52 PyInitU_<modulename>©] 1 <modulename>-2 3}o M‘j«]
pzmycode AFPOo = AFYPE T o] &S WEE thAl T th sho] ol A:

def initfunc_name (name) :

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

return b'PyInit' + suffix
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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])

°] setup.py 9 9% demo.c® T A Y3

python setup.py build

demo.cE A3 AstL, build YA H g ol demozt= B RES AT U A" mpeh, 25 9td -2
build/lib.system 3t T & E o] E0] 7}, demo.soW demo.pyds} 2 o] 2L 7148 4 95Ut

setup.pyolX, BE AP L setup T2 TE3to] £FFH UL o] AL U3 7] Y= A AE Dol 5y
L= e ‘#]Oﬂfﬂt %‘—‘?‘?}/\F FUth FAHORE, o] = H7|AE LESHY] HSHE ARE A AL
A7) A W& AFFUTEH dRtH o=, s 7| A &= Tfo| W &aX BE, FA, AE 72 534 22 F7
2Eo] 35 L/]D}. distutils &] 7] =0l tff 3+ x}A| 8F W 22 distutils-index 2] distutils A WA & XS A2 ; 0]
oAM= F RES AEdE= AT 25Ty

EgtolH 2T HEE o] & 723 517] 9380, setup () ol thak AR Eu]ﬂ 74] ?_5]'1_ Zlo] dukA Tt 944
o of| A, setup () ol h3Fext_modules AA= A R EQ |l2EH, Z REL Extension?d AAEHAQ
Yt o] oo A, ‘ﬂﬁ?ﬂﬁt 4 A I demo. cE AIHL 3 @Eﬁ}— demoE‘r— 4S8 Ao .

Be A%, S WEss A4S § B o uksli, 2714 442 7] 4ol eholnei e Bed
KRR RGR Roelpete s el A i

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',

(TH& ST Aol A1)
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(o] A sl o] A A M A%)

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

v
4

ext_modules = [modulel])
o] of|of|A], setup () & F7HEt AR E SE5 M, )2 7| A& LDEsfof & wf AFF Uth &7 2pA] ol
sl A=, A 2] 7] ZH JASF= v He, gelBeje] gy % ol 2] & AZF Ut Had el
whef, distutils = o] FEE ThFe IR o2 Aopd o AdGPFUrt o & Eo, rd2dA = a3 22

A5t Heo 2 ool d % A%t

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

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

o] 2L of|A] ZA U W t}; distutils A& A= distutils 7} 2 ¥FE A & 3hra Wolof g Th

o] 43 A0 WERY, o] & ALgshE Al 744 Bl Y&y,
4% M8 B BES AL 4L QoL theS APt

’python setup.py install

BE B A a2 714 E A oF Itk T, o 2 AR

’python setup.py sdist

o] whel, 7 Y-S A wlE o) Z3s)oF Fut); o] 2] MANIFEST.in 39S B3 &3 P},
Z}A| $F U] -8 2 manifest

!:1

AL vhol e EE BE 5 A5 Uh SAE wel, o) 2 9

python setup.py bdist_wininst
python setup.py bdist_rpm
python setup.py bdist_dumb

N
()
.|

ZE=S0AM C2l C++ E& EES}T|

o] Zojl A = Microsoft Visual C++3 A2-3lo] olo]H & A& ¢ 84 R ES vt = uhy g 7heks| Ay sta,
o] & R Eo ZF Ao the Bk A w B AR E AFFUTE AY A5 & ol S A=
He = ﬂET iilﬂﬂ Mot YA e B dFH oz I T 5 Qe 22 ES o] A Z
Aol Sle s z2adn 2o %%%“45}

BE AAE & RS HEshet o] AMoA At 2 thAl distutils 2 WA AR EHE 2ol 5
Ytk o] d S A =St ] AFE C Ao 2 7} 04 A3 D23 oh; B Microsoft Visual C++ S HD}.
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3 o) Fol At AnYH stol 4 M WEES EPFHE ole) 314 o] S AFFLITh o] 34 o] F L xv
2 e mA Ws e RARUCh AR, X 5 (majon) W Mol 1y £ el Ro] 24l 541 5o]u
W 9] 2 (minor) A ME U oIS Eol, shol A 22,12 AH§SHH, xvE AA 2L 227 B Ut

ez A A, dEfoA &3 BES YEsh= 7 7HA F2W ol A5t distutils H 7] A& AL
3ol W& —'—i’\ﬂ-’lg Aot A 522 2 ot distutils Xq:“%ﬂ% o2 el A 2 Zs e
distutils & AH&dto] & REZ DTt 9 7] A ot W o] o 3k A -2 distutils- 1ndex°ﬂ A5t
TEo R ZAA T ol Yok, winsound EF 2ol H 2 2] F—Cv/] ZRAE 3dS AT 2ol =50l 2
Ao,
252 RLAL =S| X0|H

G A= T APA T 2o &3] the Ay td S AT F RS e e
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Z|1RA o7 g3 ZA Lt}
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ol Fx ElolE o] ot vlolHE 7Hel 7= 5 A U th
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; AATTh 2§ z2 o} DLL| P32 E u), YEE 2ho] B 7}
$ 2201} DLLS| 422 A8 3, o 9 % DLL| A48 3 of

22 AS FRIFAE, Y 54 25 BEBYCE EATL ARFUTH FYA AL,
ool 5 WA A28 AYBA Shr]th AU B €7} 242t A410] BARE 27 Hof 5
oh AE el AL, A, A8 UESE A, LibE A=R U o e 22 B Col thal] IA=
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2.5.3 DLLZ &H[Z AlZ25}7]
A% 9 ho] 4 Microsoft Visual C++ & WEF Q& YT 02 A% d el S A8 3 2L 54T 45 91
IAFA Fe FEAFU(EHES He A ZAW). o] A9 YA F2-2 MSVC+of| vt o ok .

Iz o 01] A1 DLLE W& W], pythonxY.libE & Ao A3 o gt} F 712 DLL, spam 3%} (spam o] =
CH4E B niE WEAE, 08 WA LT+ STk

<

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

A WA g A Qe 9L nE QS YT} spam obj, spam.dll ¥ spam.lib. Spam.dl112 3}9]
i (7]—33 PyArg_ParseTuple ())& 283K FA T pythonXY.lib & dfo]# T =& 2h= S

&7 g ok

T A EEE 0. d11L(ZE A .objet . 1ib) S WEJF YT spam 3} sho] W A3 5o 23 F+E
Fe S ¢ ds v

REAEAE Fx HEE WEWAL giUth O ZE @0 23 o] AEAE & 5 A

3l ¥, void _declspec(dllexport) initspam(void) Y PyObject _declspec (dllexport)
*NiGetSpamData (void) & _declspec (dllexport) Bt A Ao g}

Developer Studl = AAZ AQFA o we dxE golHE e E dA Yol A T ek [00KE =7}
STl o] AES A ASHE, Z2 A E A A U3} ARE 53W ignore default librariesS A A3 Al 2. Z8IE
msvertxx. lib% ghol B g BEof 27134 A 2.
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3.1.1 i AZE2| LY

sho] W2 W gsHe 714 e Wl S R4z e A8 ASsE AQYTh o] Aol At
SgmeaAT A AT 48Y DL glo] o] AAPES A7) AT AGYTh o] AL o Eo]
shQof il of | A4 S AFE T A8E 4+ AEUTH

#define PY_SSIZE_T_ CLEAN
#include <Python.h>

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

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

}

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

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

if (Py_FinalizeEx () < 0) {

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

d

Py_SetProgramName () S5+ shol A ALY ol B 2o st A2 E A ZE oA & 7] 93
gt 2o 2, go| W QB ZE|E=Py_Initialize ()& &

7184 11, G} A 7HES A st= Sl T HE ol W AT HEZFAYH YT 18 S, Py_FinalizeEx ()

TEoJHZYHE FE L 22O EgUTh AA ZEIWNA = Fo|W ATHEE THE &2

el d2E #37] 28, 5t T+ do]gule]2) oA 7FAE 5 AFUth Lo A stel A 3

Y+ 22 PyRun_SimpleFile () ¥5E AHEoA O 2 = 9=, 5

EEohs WAZES Dol F Tk

31.2 049 D4F HES HolM: TR
AeE A Hol2E & Z2aHANA oo sojd FEE AAT 4 Qe 5HE AFHAT, A4
tlol e gh-& wBshe 2o H WAFFULE 282 d3thd A4FY 35S AEH ok Ptk o B2 C
FEE A oF ot tiAl, A ZE AL 24T 5 stk
sto] i & &dste 2ot stel & WAsts 212 the o =0l B7ota 3 H2-2 &5 ol et Aol Fof s of
FUth old ZolA =od 2 A ods] FEFUTE o] 2e EAIEH, stoj oA Czo &4
FETHAAR sh= S A AN L

1. tolE|gt-g vhol oA C2 WHEketa,

2. A e ALg3hel vl A AEjTo) 2 £ O P4
3. 35 E0 N 2 Hol ghe sl Ao A C Y
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BATHA S, HolE W WA Aol 7 A5 o] thE TS 2837 913 B @Y Uh £ U@
Aol gL T Hlole M@ ho] & FUAU F4T e C FUL TEFL, WD W sol A
282 5250

o o A& shol Mol A C2 tl ol HE WESH: Wi} 71 ) 2 v o] 6 8 A= o] AL 4
37 FgUTh EQ, F2 SHE G o TR E AL ol 5 Aty AIFU oG SH e
Az H & gt A th2A) ong, oA Jl A DLW AHE F2T 5 dFUT)

AR 2230 o)l 23Y e e BB AWeE AL ZE G 0% 1520 AE o) 2o
23k Aol A 2pgol, shol A A B Z e EE o Z Aol AT A4 AT AEeA ST (1AW TS A
ah Ay,

shol W ~A BN Ao H F4E APehe EE LT} 2ok

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

int

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

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

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

return 1;

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

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

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

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

(TH& ST Aol A1)
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(o] A sl o] A A M A%)

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

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

return O;

-~

O

| S5+ argv(1] 8 AH§31e] o] 2T YES REST, argv (2] 914 398 $48 B2 P 35
AR arov WS 2 BT o ZE1WE 191250 G5 (95 A8 502 earioleln
BEATH, T3 2L Sl i A2YEES s vl AL Th:

Q

def multiply(a,b):

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

Tej R A3 ohe 3 Zofof T Th:

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

22290l 75T} 4T 2 Bl AW B8 22 ol 43 C Aols) olE MEt ol 2 A
AQUT) shol A AT BAE FR e RELS Og AT Adgn

Py_Initialize();

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

AEZEHE 27|83 F, AT HE = PylImport_Import () § AFE3te] 2EEFH UL o] FEH2 QAR
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gto] W LS 8 F8k=tl, PyUnicode_FromString () HolH W& FE 2 ARgsto] +4F Uth

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

if (pFunc && PyCallable_Check (pFunc)) {

}
Py_XDECREF (pFunc) ;

dd 2agdeZtzEdd, 227} 2L 9l o] F°] PyObject_GetAttrstring () & AH&sto] AAHY
ok ol o] A, WeE AR ZeBolw, 22 o0] ety FAFA AT S Ay 18 b
22 W2 A FES VHAJ Yo P4t gt I9 thE stol T T2 o F
SERSEISIER

pValue = PyObject_CallObject (pFunc, pArgs);

47k W] W, pvaluets NULLO| AUk @429 whek ghol B3t B2 8 £ g AEF F F2E

S Al sl oF U o

3.1.4 LHZE mo|ME &E5H

Al F7kA W7 shol Qe e B & ol &2l A o] A AHA| 9 7]%01] HA 2 4 syt sho] 4 API
S UdE JHZHE AT oA I EFUL F UBE JdHzHE &8 22N
AZete e 2 STk Byap Sol A w18 L X]—t— SFUTH FA & 2O o] sho]
Az HE A ATTE 21L& dojH L. tiA, &8 228 B 299 fetoz Zhstar, It
gpol B2 st AA T stoj WM s FH JH AT ¢ R AD ZEE AGHAA L. &
=9

static int numargs=0;

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

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

bi

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

bi

static PyObject*
PyInit_emb (void)

{
return PyModule_Create (&EmbModule) ;
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Aol The

it
4

9o FEE main() T vlE Yo YA AI L. ES Py_Initialize() o] B3t &

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

o] F &L numargs W& 27]3}8101, emb . numargs () 45 WEEH 3to] 2 A Z B 7 AN AT 4=
AEE HsUth ol &S 59, JolH A3 HdEE= S T2 AHFS T3 = A5t

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

AR 58 2o A, o] PH S S8 w9 e) APIE Tho] o] = EF T,

3.1.5 C++ =2 IlO|M LHZES]7]

SO 12 Cor £ 2T U] T A% FHe T T o] Ao] o 7 s LA & ABE Cor Nl A2
Aol 2 Gith AMACE Crrz el Z2 IS YT, Crr AL & B 2218 L
Aok sk B 8] oF FUiTh Cr+-2 A 5ol Shol A AA & 0hA] A3+ F ot QU

3.1.6 FEA AL A|A=HIOM Hutal 235}7]

golA JAHZe|HE 8§ Z2 Y W] sl Hutde (e FA) ol A3 %EHZ% el s
et A = FFUth 53], 53] ol po] Al A F32E C 54 & (.so JJr"‘ 2 739 geolBry g
HES EEHoF7] miEdYth

dost Andee A SN2 E Foey, Ax dake) 482 A4 H pythonX. Y-config AT HEE
AT 4 Q5T (python3-config AE%IE‘: A& 7}0 k= AFUTH. o] AT YHE = of 2] FA 0
Ao, b3 2 AEL oo Ay /8 Aduch:

* pythonX.Y-config —-cflagst A S A% ZH1E AFFUch:

$ /opt/bin/python3.4-config —--cflags
-I/opt/include/python3.4m -I/opt/include/python3.4m -DNDEBUG -g —-fwrapv -03 -Wall.
—-Wstrict-prototypes

pythonX.Y-config --ldflagst Y3 T ujd 4 FH1E AFFUth:

$ /opt/bin/python3.4-config —--1dflags
-L/opt/lib/python3.4/config-3.4m -lpthread -1dl -lutil -1lm -lpython3.4m -Xlinker -
—export—dynamic

FiL: o7 shold AA] 2 (58] Al2H sho] {3} o 2 F o] A A ) 51
919 o 9} Zro] pythonx. Y-configd] At A2 & A3 A o] 25Ut

o] a7t o B = A sl FEoHA et (BRE w2 Ad SHEF NN FE sk ﬁ%i%ﬂ Al Laaqr/]'
ShAIRE W2 Bl S G Th, 34 30 AT A" YA E o= 333’4'/0]‘%34 ]

(I HAE o sysconfig.get_makefile_filename (

gt} ojuf], sysconfig REL o] o] Aggsle]= A S =
=7 uh o2 Eol:

[0)
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>>> import sysconfig

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

>>> sysconfig.get_config_var ('LINKFORSHARED')
'-Xlinker -export-dynamic'
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0%
>>> 548 o] /)8 shold ZEZE. dEzelHol A UEYor AWY 4 ik T o) 4 45 2 4
&k
e 2e AL e 4 A5
Sojx/] @ FE B2 TEE QYT u), AL o R TEA (BT, BT, FRE) o] IS
JEP ), v zdlo 8 A4 o] iy Ae] 8 shold =

2t03 = & glolHEgloA 1ib2to3 & xﬂ*%} Uth &gz og 4388 4 9= 23T E = Tools/
scripts/2to3 & A& Ut} 2to3-reference 2 H A Q.

abstract base dlass (341 Wlo] 2 F2l%) £ w]o] 2 Fe) At nasacer () 2L 2 YOl $AsIL

l‘jfv‘Pﬂ Z5E (& S0, A MM E) A7, Al o]~ E Z*A?FPh He AlTTo e H Eho] 3
£ 3B o ABCE 713 A SFH2E =dsiod, Ieas A% A SO BAE isinstance ()
2hssubclasso of ofsff A %%EH/\‘:O‘L]D} abc RE AWAE HA Q. slo] o= we

U3 ABC o] gt tf23 22 A 59 55Utk A8 TR (collections.abc BEO A,
= A (numbers BEoA), 2EH (1o BEAA), YEZE 39} 2T (importlib.abc EEAA]).
abc ZES AMESIA AR4l o] ABCE W 5 YT

annotation (o] = H|o]A) THo wlel 3 I E B AR =W, Z
W A2 E ol Edyth

i)
[>
2
m
i)
S
[
2
rr
o
+
2
&
o
i

Ao o] o | o] 2 A Az AM AT QAR A W, FEY sS4 B o] o] iH| o]
Ao A rE, ZY, @'5,\—9] __annotations__ S5 oJEZFE AFFH Ut
o] 71%5< AWt W ol :nH o], 3 o] = H| o] A, PEP 484, PEP 5262 =514 &

yword argument): I 22w A 2}7} o]l
Liﬂli AGE = AL o & 5o, t}23} 22 complex () & A 33 5+=

ko
all <14
N2
—'3 I
L MRS

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

o AR A (positional argument): 71 = AAL7F obd AR} 93] AAEL A HE2] A Fof Yo
Aol & o ol x 2 2ol A2+ JYFUh A€ S0, e H 22 22dAM 345 =
SR P RS

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

AR = v 9] o] F -2 A9 W g Ut o] i ol & 5]% A =0l s Al = calls 2=
uA . —&Msz, o Tal Aol A Q1A ALSE & grieh T8 2 gtol Ao Wol o I U o,
SoAFY vl ¥4 5T FAQ ZF AR} vh 7 i 4=9] Zpo] 2} PEP 3625 H A 8.

asynchronous context manager (]2 7] AEYAE #AE]A}) _ aenter_ () 2 __aexit_ () HAZE A9

FOEHM async with oAl H ]% A3 = Alolst= AA|. PEP 492% =4 A5 14"/}-

asynchronous generator (H] % 7] A& o]€]) v]5 7] AlvdolE o]HH olH & 58 F+= '%L-r async def
=z ZJ.JH':—E’_—‘?—H ™ Hol=t,asyne for FEZIAIR S A= dHY FES == vield
x2S ?:?erh Aol thFYth

HE w5 7] Alvl g ol 8 a2 he] 7] A v 01‘{ oA = vF7] Aol e olEd ol £ 7+ F

A
Utk el el ofu] ) Watel A oo AL L, AT 8o B MA 2B gTh
B]Z 7] AlF g o)y &4+ await EAAT, asyne for 3} asyne with 22 288 4 54}

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

H|5 7] o]E & o] B A __anext__ () & £E3tW oJflolHE AA & Ee1F, o] A2 tha yield
£ 4 712 v 7] Al ol 49 vt & Ayt
Zryield: GAIA SR AEE T3, T AXY (A HeE3 t7] S uy-25= 283H5)
A AHE 713Ut vl 7] Alvd olE olg# o8 7} __anext__ () 7}%34-7—% I 3o
ool EZ AN, Hk 2o g B3} PEP 4928} PEP 5255 H A 2.

asynchronous iterable (W] 5 7] o|E] 2] &) async for oA AFEE 4 Q= AA. _ aiter_ () WA EE
H|5 7] olHdl o8 & =& f oF Futh PEP 492 2 =95 Q5T

asynchronous iterator (W] 5 7] o]e]g|o]¥]) __aiter_ () & __anext_ () WA EE Fd= AA.
__anext___ = oldolEHE AAE S FHoF Ul async forE StopAsynclteration o £
ZF A w71 A v F-7] o] E# o] B Y __anext_ () WA =7 8T+ A HolHEE FUth PEP

49282 =45 A5tk

attribute () E2) H.E) AEA4L AGHE ol FOT F2T & AN} AR g oS o), AH 07k ol =

YRE aE 7HAH, 00X ¥ F2F Yth

awaitable (o] ] o]E] &) await A Ao AT £ & AA. TFH o]y __await_ () HIAEE 713
A7} 2 4 94Ut PEP 4925 B A Q.

BDFL #}H] -8 £ Al =] %} (Benevolent Dictator For Life), & Guido van Rossum, 3} o] %1 2] A A},
binary file (ko] ]2 5} vhol = 15 470 5 £ 913 % 5 9 52 A Vel el U] ol 2

ojUg EE ('rb', 'wb' E¥& 'rb+' )i %iﬂ 3, sys.stdin.buffer, sys.stdout .buffer,
io.BytesIOE]—g21p G21pFlle.4 2HAEE S 2,\%1/]1‘/}
str AAE 91 & 5 A+ FY Ao A= HAE 51d & FReA 8

bytes-like object (B} o] E &5 ZAA)]) bufferobjects & A| Y3t C-A1<5 HHE AL E & 5 9]

Y
=
_>‘4_5

| &2 E&E9]1 bytes, bytearray, array.arra =&
o|E LR A5 vtel g v ]Ei S OhF = of 2] 7HA] dibEol AR E o s Uth o= vhel v g
Sz A AAL B A% 2E ASel 95T
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Sl
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2 utolv g tlolE 7t 7h A Y B a7t dFuth o] dl Aol AHA = FTF (HaL-227] vt

Ayt 23T 7hdE ¥ 5 249 OﬂE bytearray ﬂ-bytearray./] memoryv1ew
2 Asts2 vtolv g HlolE 72 AR (( 7] A& vpo|ELF AA)) ol A==

3y 1‘/}, ol AL o2 E=Dbytesbytes AA 2 memoryview 7} 01—1/]1’/}

bytecode (W}o] & 7. =) -‘7]'01"@ A FEEHolE I ER AU S =, CPython ?lEiEE]Ei of| A z}o]
ZE2 I Y HE £ 1:]‘4‘3]' ]’O]E FE+ .pyc I A Hof, 2 g S F iR AP T uj o
k2 2] A 1:!]-‘:141;],( Ao A HEo|E I EF 9 XH%J]'O] s 9T 4 dFYh. °] (T Ay =7
HFo| E T = o o -3 O}h 7V AE A& st 7 7 A ol A Ethal DU th ol E I EE AR D}%
ho| A 7HF 71 Al A BT A2 7| etA| &, o] A vl & Thol] JFF A o] A & ghth= Aol o oF
Eiasi=g

HO|E = B o] 59 BHEL2dis BE AHAo V& Uth
callback (29) AXZ AEE £ v o= A QoA A AE FH T4,
class (2 =) AHEA Qo AA =
SR WAL 2958 R
class Varlable Fd2dsy) S92
qﬂ ‘__ “ﬂi—'—'

O
¢

N
—|—‘—’

-LI so, [ &
i oy 12 g

L

coercion (Z.o] ) Z2 P F AAE FHkste dado]l dojue T T Fo JdrdAE e o= 5
Ao Z MEeE 2. & 0], int (3.15) £ AFE A5 302 "B 3} A5k 3+4.5 o 4],
7 Ak o @ ol AL (3huh int, ThE ShubE float), &2 B 8H7] Mol 22 F o= Was| oF Pk
284 ot Typemrror® YOk TolH flolt, R L AE AL 221} 22
Yo 2 A3 Folof FLTh ol Sol, 23 3+4.5 3 BhA £loat (3)+4.5.

complex number (524%) 253 A5 Al QY RE A7 SR 4R Fog dPY
o F s Aol 01 G (-1 AF ) E S AU, FF FAA = ii,%i“ﬂ/ﬂ%ji

¥

o e
I

B>

f
i 2L

£ G oA TR B Y S 71%x1twu} H4R 5 guAE oA
FAGUE, o & Sol, 3415, nath RES] Bas W Ao] AR, crarhE AL AT Basol
8L 52 2 2 AU DR ATk 714 Rt Ae) G4 BANE E4Ik

=

context manager (AR AE #2|A) _ enter_ () &_ _exit_ () HIAEE AT oz X with FolA K
o]+ B S A3t AA. PEP 34302 == 5 th

M3) AYAEd mehohE ke 2Hd 5 9
AN
by

context variable (1 &l A = .
e s 2d dgas MEAUG, T9, 902 veg 5, ol
H

i3 o2 e 7HE
A3 A s o

FIF_&
Mol M W N lrn

o 2oy o

E
e

o
)

mlm
e

ontextvars— 7]'2 ]-/;J Al L.
E

2= (C-contiguous)©) A} Z E 2 A< (Fortran contiguous)Qd o] A< 0] 8k
oiio]tq/ﬂ ZEH ASYYTH A wj Bl A, FES2 AR AHSH
Qe 0] 2ol = v 2. 2] of W) A5 o] of LI Tk THA A C-1 % w] Qo] A,
52 UET ) oA % AR 2ol 4 el MUt AW, EEW A4

227} 7 el W g o,

FH o °1HL§L54 FEfJUTh HEZEHL 3 2 Fo A A3t o=

o the AN A5, g, AT 5 g o AELS
S 9,1%145}. PEP 4925 B A Q.
i

3

S,
ML

contiguous (&

04747&

i
o2 &

>

rlr

R

é H
O
Eé
r:i fr » >

o _Qi
off
ol
rr

My
éﬁ.:

R
B
o
flo
>
|z

fu ﬂlﬂll_xL
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==
e 1
=
24
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[>

(o

coroutine (¥ 5€l)

A 3 ol A

async def

LA iu}
e
s
v
H
o R
o 1
i,
r[o

r{n
[o
Hu
-
o

4=+ async def —E—EE 7894% —’,l

~

coroutine function (Z. € 3+
91, await 2t async

=g sk

CPython 3}o]# =2 7w Ao A & Qd, python.orgoll A 8 32 HE‘r o] #+3&-& Jython o]}
IronPython ¥} 22 th& 23 72T 2871 & wff §°] (CPython) 01 AHE Ut

decorator (6] Z#| 0] €]) t}2 -2 S8 FE= 494, LE @urapper FHS A3 - M3lor Ag
HYtch g ZH ol £33 o= classmethod () & staticmethod () YU th
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dsdole B v A9 BPY BT TS F F5 Pt v FOE FEHUD:

def f(...):
f = staticmethod (f)

@staticmethod
def f(...):

2 gl FH s SA A T, B A 2 YU t). o Z @ o] Bl of] th$F o Z}A| g &2 3 A9
S} Zea Ao o AYAE B Hyth

descriptor (232 HE]) WA= __get_ () o]t} _set_ () o]t} _delete_ () & AY3tE= AA. S
2 EFHEYUA2THH I uf, JEGRE 23| = 5T A4 Z‘&% oAU BE aphE
A A, 2 A, AA Sk AR, ao] EEl2 Al A b B o] F &R 7“111 =+ z"“‘JE‘r
AT b7 YU2IHEHE, G YA HE WA= EEH 2
vlo] Wof tf 3k 72 o]l o] dajol], ?}—’F, A=, 22 HE, FYPx W
A2 S0l Mo 7)159 7| 2E o]F1 97 &Yt}

23 HE 9 WA E=Eof thsk AFA] 8F Y-8 descriptors o] W31 T}

dictionary (‘;‘/“IH?‘/I ) 49 71E Foll S A 7] A3 o & (associative array). 7]+ __hash__ () 2}
_eq__ WEE EARS %73%1]7} T Asuth Dol A sfA 2t FEUTh

dictionary comprehension A compact way to process all or part of the elements in an iterable and return a dictionary
with the results. results = {n: n ** 2 for n in range (10) } generates a dictionary containing

key n mapped to value n ** 2. See comprehensions.

dictionaryview(ﬂk]b]f’/] H) dict.keys (), dict.values (), dict.items () HAZ7} B8 F= A A
=2 9AYE F2tr BREUth o242 94 FE S \'41 %24 ARE XH*'G}%H], gA
Qel7l WAE o, $7h o] 3hE M AT EQuch G HE BAD A AER R
list (dictview) & A3 F U th dict-views S H A 2.

docstring (S2E9) Fe2 U, BN A U HAH 02 ehbe 249 FEY. A =T A9E
W= R A AT, A5 Aol of5) AR o] el o2, B, RES __doc_ ol ESBEE 4
FUrh dEEAH AL 5ol AT 4 Jong, A ABAE AT THAA FodYTh

duck-typing (<] E}0] ) U2 QIEl 3] 0] 28 7HA A BErsht] AR §2 1A obe w2 ey e

hAl, ded] A E Y o ERRET S &5 74‘/}/\}&%‘43}%—1—?/]%13 Holx 22| #AAgTiy,
Zﬁt—w-al‘jr )) 5 il AEH o)A~ E 7L§-ﬂ°§’>’ﬂ ZAAE I+ g A2 A¥E 9
gato gy A M 5 5T H EFo] -2 type ( c‘]b‘rlsmstance () = AR AANE
g dUch (3HA R 9 BRolsg o] =4 uﬂo]g %ﬁﬂé 2 E%% Aol el oF gy th) tiAle,
hasattr ( ﬂA}L‘rEAF Zg YL &)

EAFP 3 2R t}= &4 & F£3}7] 7} ¢ o} (Easier to ask for forgiveness than permission). ©] £3] & 4= 9l+= 1}o]
877 AE Y2, SU1E A o S el B e 2AE AT, 1 A0l £2E 9 E itk o

BET WHE ~E AL B tryd)except 29| EAE BAA oI AUtk o] BT L CI 2L ThE
wWo Aojol A AFF AFR-E = LBYL 2Bt 3} o v g U o}

expression (23 4]) oj® gto 2 2|2 4 Y= BHAA =7 2 42 ZFstY, AL g H, o] &,
EZHE AN, AMAL 4 EF 22 S EFE T 45 ol 28 AUtk v =2 w2
Qojgtjz Ao, BE Qo] THEEC EAA AL ol Utk vhile A, BAHOE 8T 5
Qe 774 5ol Ach Ul w8 B ol R o] otk

extension module (23 2 5) C U C++ 2 ZAH B EQH, sto] A C APIE A& A] A o] L} A& %}

:T"_Eﬂ— A}-i 7(1—_9_'61—14 1;].

f-string (f-FA}Q) '£' U ' & Soll B EAE HHEES S35 (-2AYE) olgt a0, =W 2
o 2 g 9 gowwgqu} PEP 498 & 2 A| 2.
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file object (3} AA]) a7 2o WBH o Z]f%k A API(read () Ywrite () Zs‘% HAES)E =8
AA. s gyl meth, 3td AA = A ]“4’\5'-”-4 st ol thE A AU F o
S0, ZT Y€, d-vrg w3y, &7, gtol=, T S AMNAE FAT &
AA = L F AA (file-like objects) } ~E & (streams) ozt EFP Yt}
AARE M EF 3 AA =0 M{:I_\_ql:]' G (raw) Hho| v 2] 3+, W 3] = (buffered) v}o] L 2] ¥
g2 E 314, O]E-/] AdEFHo]AE io EEA AP Uth 3tY AAE Tt=E+= A A HE2
open() ¥FE 2+ AYYrh

file-like object (3} 7 2 A) v} 24| o] v] 53 T

finder (3}1t]) dXEF RES A =] & 2o A =3H= AA.
glo]# 3.3, o] T2, F £ 7] ull /) dHF Ut sys.meta_path & A AFR 5= HEF 2 1kl T
9} sys.path_hooks 3} &7 AFRSl= 7 2 dEF 5oy,
o A3 &2 PEP 302, PEP 420, PEP 451 of \}-3- Ut}

floor division (4= YA 713 77k A42 Wt 308 Al A4 U dakzts // ok dE
S0, Zd8A 11 // 49 gL 27t AN AL YA 2 758 B8 &Yt (-11) // 47}-2.75
S " gt -30] Foll 93 oF FU Tt PEP 2383 HA| 8.

function (35>) & & =}ol| Al 01“1 = BT 49y 4= LAY L o)y A 7 AEE = =,
Hho) o] Aldlof Ab2E 4= Q&) v B 9 A= Q}functlon AT BA L.

function annotation (g4 o] =¥ o] ) <= v 7= w3k 7he] of | o] AL
T ojHol L dutH o g 3 S E 2 AEFHUTH A& 59, o]l &5+ F /HY int AAE who}
= 021 Aoz 7|3, FAol int ¥E& & & A2 2 g Yt

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

T4 o H o] A -2 function Z ol A AW T

o] 7]%5& Ayl W o] oH o] A I} PEP 4845 H 234 8.
_future_ Z 2w 7 A ez B2 ST A = A Ado] 7]

2E.

__future_ BEL AFTEII T HSFEL FTES FIA, Al 7] 50] AA Ao =F Adojof F71H
S, QAAFE 27 0] 7o) H A B 4 AT

ol
rr

My

off

ES BNRT S Y= 3

fifo

>>> import __ future_
>>>  future__ .division
_Feature((2, 2, 0, 'alpha', 2), (3, 0, 0, 'alpha', 0), 8192)

garbage collection (/1] 2] 7)) ¥ 48514 9k v R el & Wb S AR shol e Bx 4 £43) %
82 AL FE 7 e S A FAZE S8 7HA S AE 3 FUh 7R A=
gc BES AR A Al d = sy th

generator (AU @ o]¥]) Al ol o] o]H & F5E 5. 4t 5 AH Kol -9 ==
UEEyield BFA S 2FTTE Hol U o] e for-F2E AFE S AU next () FT 2
3k wol s AW 5 sk

v ole) ol Bl e ol & bel Puich o =5k

HE A ol E] §4F 74l 7] A, o) | F ol s A
Aﬂﬂmﬂ&ﬂ°%%%eLﬁﬂ%ﬂéwﬁﬁiﬁgﬁﬁﬁ

gL-

“

generator iterator (Al & o] €] o€ #lo] &) | o] H ¥ =
ZFyield= 9A|F o7 A& FH3, ZHZ]./] (A W

A% ge)E 71 gr o A ol 8 o] el o] el 7} A 75 W,
N Aats 49k o By oh.
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generator expression (AU & oJE] £H2]) o|HH O HE E8F+= R4, F2 A5 H9E A3+ for
A3 Ak 7Meshif Aol Flof B dub 234 A Bt 2 xd4 2 S g

@Ee wE AU

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

oX,

generic function (A 8] g) 22 A4S M2 2 FE5 &) 73 8 gz 24D 5. 550
o' FH o] ARRE A= tasf X darg)Fol 95 24H
A= a9 5] &o]F =3} functools.singledispatch () Bl Z# o] 6]} PEP 443% H M| 2.,
GIL A ol Z2[H 5 & HAM 8.

global interpreter lock (< Qle] Z 2]e] £) 3 Woj @ 2 311} A &7} nlo] A nlol E
H4347) 18] CPyhon 9181 2 B 7} A 3H= W AUZ. (dice s 22 528 1)
A7) Re] %4402 A o420 s HAFHES BHE o] A CPython 792
Azl AAE FH 2= 7,3 e JEZYHE thF2d =37 f4A vE
AR ATHE §E el e R A

rrJ
rIo
HN —[E
L ¢
r[r
=
2
v}
ol
[k

o
ST 4 V0% B s T4 GILS et e
s

(B4 © A5 35 H ol HE k) (28 o) AHf 22 (free-threaded)) AE =2l B BHE LA
S A e A F Aol £, 00 L e AN Feel s s A A
o] 4% ol 8 FRAE AL TAS AW BHIA B0} A §7 W 8o H Soj2 Ao o AX L
91Ut

hash-based pye (314] 7] pye) 348 8 547) 1 31 422 shale] 315 54 A17b] ohd 1418 A
3= Hlol E I = A 3}, pyc-invalidationS 32314 8.

hashable (3| X] 7}5) A 7F LA 2 ghol WalA] b= A #S 231 (__hash_ () WAZE7F 223U,
2 AA G nE 4 Yo (Leq () HIAEZFZSFYUT, Al 7P“6}E‘r1 Sy Zoia

Hl 52 A Al b e A5 8] A EE 2okof g ok

A F5Ae AAE B e AU A Te) W ALe T 4 A s, o] AR TR o] A
o= HARE A8 BE AU

& stold el £ g AAE2 A 7 h BR12EU gAY 22) 7 AE Y EL
%A gFUT (FE ol frozenset Z-2) 2 ZAH U E2 15 8450 A 7S wjvt sﬂ,\]
stk 87 Be) Zelael dxHA AAEL ABA 2 A AT (47 A4S
Alejstals) B k2 thal HlaE 3, A g id () 2 FH Be o Ut

57 (Integrated Development Environment). IDLE-2 3} o] 2 o] 3% & ] 32 7}
81225 899

S

U ol AR S

ore A1 gho) 91l oF Ss 2ol A

ll‘ rlo

o

importing (U Z9) 3 59| sho] @l T/} The RE 9| o] @l D= A AHEE 5 JEE B AR
importer (YXE)) EES 275 8131 25 87| sl AA); Ao 9ol o] A =] A4 ).

interactive (c)3}) zlo] W2 th3ly A ZHE 20 U, JHZ ey ZEZEX 240 T4 S
‘?JEW‘¢ A, 7+ % Sdyth A §lo] &4 pythong A kA
FE o ool A Al th. A ofe]t] o] & AABI AL & %J%JH?WE
EO%D}EL o] - 72 5 A 2).

Eml

ﬂ!I
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inerpreted (QIEJSeEJ) vhol= 5= Arhalele] 24 o] 1ol 3517 5
A3k QAo k ot ez el e Aol th ol AL YA Ao A YL HEA FIAE, b2
e 44 49T 4+ Yok QU 1 z2ade] 5 v A3 AW /L AT, Agze
Qojt R An Y dojurh G2 AWM /8 2 uUch dshe = HAL.

%

interpreter shutdown (2 €] Z 2] €] OE) %—E?_ﬂ'ﬂ'% 2SS, FgojH AHZ e EHE SHS A 7] A
dal=d, EEolU 8 712 QG YR 259 T2 R E TG AU EE GAF S E vyttt
TSk 7 A A7) E o i %J‘/]D}- AHE2F A 2] 313 APt weakref F o) 9l T EEY AYYS
A|ZAAZ = IdF5UL T8 /\]7] FAAYEH = I =gt eSS T 5 31%31,3—3301 o) &=
AL E 9] Eﬂ 71534 ¢ °]’ S A7l HEdUTH(ES o= gtolBe g BREoIY AL FAEJYUTh.
JHZH $E5Y FH YA AYHE=__main BECIYA2ITHEZI AP S EU+= AUt

iterable (o]E]2| &) WHES S A 582 4 A+ AA. oJHYEY J 2= BE(1ist, str, tuple
Z)ANAAL Y5, dict Z2ERE N AAAXFE, 9 A&, _iter. () YA AL IEE 73
3= __getitem () HINEE MA Ao BE FeHja AAEo] dF5UT
O HEL for FZAN AL E F YL AF2E ZRZ =2 B2 X (zip(), map (), =)
A8 4 9&’\‘4‘”/]’- OlHHE AA 7 W T iter () o AAZ ALEHE, 1 7”“-4 O]EiEﬂO]Eig

EHFU ©] ]Hﬂl"lﬁ‘ g AgS T A Ut olHEES AT,
E%ther( £ 2=, olEE ol H AAE FUth for 22 o] A2 o9
T2 thalsiA Z}EOE—HTTI}H FEZEEE TS oHANHE Fote ol F fle M E e
OlEiffﬂ o[, Ald X, AlYdlolH & HAL.

iterator (o[E]&|o]E]) T|o|E]S] 2ERZ 8= AA. o|HHHY _next_ () FINEERIEHCR
TESH (EE 141” T next () 2 AESIH) 2EH J+= FHEL AUUE =854tk o
o] %+9] dl ol Bl 7+ 3L Uﬂ = StOpIterathI’l el & do gyt o] X Fof A, o]E] & o] E] A=
AZEI,0lE BE  next_ () WAE ESL2 Stoplteration 98 & tiA] € o772 ghth
o] E] | o] B = ©] Eﬂ o] ¥ A A X}’ﬂ% T _iter_ () WAEE 7HE Ao 875 7] df &,
olElHlolE = o] B E o] 7| = eta thE o|HH EES Wl & EH—,——.— Fo A AHEE 5 s UTh

ZF8stoe= oy WY oJH Y o]l A Est= ZEY YT (List Z2) AH o] AA|= iter ()

R ﬂr/‘o}ﬂ‘%for z o Ah-gg ujuict A o] g H o] E] & ThE U th o] Z-& o] Ef & o] ¥ of] thf 3
Al dste A oHd, A o] H d o] M of] AFE-H o]n] £ X1 H olHdE o]HE EHF A, ¥l AH o] A |
HolA v YTh
typeiter o] ©f ZbA| g W-&-0] Q5

key function (7] ) 7] St == & o] A (collation) 4=+ A & (sorting) ©] L} Bl & (ordering) o] A} &5 =
#He el FHEYYH & 59, locale.strxfrm() S EAY SZ P HE2=AHE 7 E
e = o AR E YT
to] A ] g E 7L 2 Aol oA A XA AL Fol=A & Alofstr] fE 7] FE otE Ut
o] ZAEo+=min(),max (), sorted (), list.sort (), heapg.merge (), heapg.nsmallest (),
heapg.nlargest (), itertools.groupby () °©] A& T}
7] & e dHe oy ol dsyth A& 9, str.lower () HIAEE Alo]A F
%] Eﬂ o S A7 AT EAEE S AFUTE HAA o2, 7] & lambda EHA SO E WHE £ 5 9
Eﬂ, 0]% Allutt: lambda r: (r[0], r([2]). =3 operator EEL A MY 7] g4 AAAE
A3 UrTh: attrgetter (), itemgetter (), methodcaller (). 7] &4+E W& /\]——%6]—% = o
tf) 3t o]  Sorting HOW TO & XA 2.

keyword argument (7] 9 & ¢z} <A} & H A Q.
lambda (th 52 ] gto] Fal A shife] £4 22 T4 o] E gl Azt

EHL lambda [parameters]: expression YUrth

LBYL ¥ 7] Aol X2} (Look before you leap). ©] T A YL =0} 23] E 317] dof] A H o2 ALA
A2 QAT of 2602 FAFP A2 U U 1, B 11 B9 24 S92
O3 28 = S0 A, LBYL 22 (E7])y e (H7]) 2l AR 20 WA 2 Aol syt

rﬁm

n Mo
0, 9,
I rr

e ¢

u

2~ SFS 2 L.
T g drEvEs

ful
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& £9], F=E if key in mapping: return mappinglkey] = ZAA} Zof|, 3} X 2 23] A9,
o= ﬁ"fﬂ‘:ﬂkeya mapping?| Al Al Ak AT 4 QlFUTh o] H o4& Zo| U EAFP H2H <&
Ag oA 2E 5 vk

list (B]2E) U ghol A Al d s, T o] Fol| = B30l Yaol that AN 271 0(1) o) 7l wl 2o, AZ Bl 2E
(linked list) B Th= TF= o] 9] vl 43} §- A3 T}

list comprehension (2] 2 E ,:,.—ZE]T{L/S A2 84S AR E= YR E At 1 2 E B ERE 59
Z‘_ﬂﬁdmtﬂ result = [ {.#O4X}'.format(x for x in range (256) if x % 2 ==

=00 A 255 Afolo = HEE2 1674 (0x.) 52 £33t BAE ] gl2EE WUt if
Z‘é% A2 5 QlF YT "3‘*3}“&, range (256) ol Y+ BE 847 AP Urh

loader (2¢]) 2 ES ZE31= A, load_module () °]2HE o] S92 1
ol 7 =8 F YUtk AASH Y82 PEP 302 &, 7 Wjo]|~
£ HAS.

magic method (W] 2] M A=) S v = o] w]F 4] A<l e T

£ s it 2o e B E

Ae
Z 7~ = importlib.abc.Loader

-
I~

mapping (W] 3) 9]¢ 7] 23] & A Y33l Mapping ©| Y MutableMapping 74 o] ZEf of] 2| HH
HAEELS T = A o)y AA. 2= dict, collections.defaultdict, collections.
OrderedDict, collections.Counter & & 4 ST}

meta path finder (W€} 2 3}Q1t]) sys.meta_path & AMo] Z&F+= 3l WE F & 3Rl 4=
AE] ol oF AHFE o Q1 7]&= A v thE Yt
HE A2 37 LA E HAEE A= importlib.abe.MetaPathFinder & ™4
e},

it

metaclass (W€} Fe2) S 29] Fela U2 A= ZHd 2 o5, Fda gAY, vlolx ZH 29
E5E UEUTH dlE FH A o] Al AAE Wotx ZH2~E vtEE AAdS J Ut i RE9 A4
AFY 2209 Ao 52 7|2 7S ATFULE sto]AS 5EEA s A2 ALY HE
ZH2E UE F Atk AYUTh HEE AR A= o] =77 A Z8 AL 287t AE
o, W el Feias FEsta fopst AU S AT Tt A EGRE AN 29 27 (logging), 28 =
(FAFY F7h AA AP =4, A 2 Zd ol AFE RS YT

o] Py
= =l
method (AZ) 2ah2 6] ol A5 . 7 Zeh o] A1 o]l B
HAEE A HA QA (EE self gt E¥TH 2 JIA®HA A E HFUTE T4 S5 ~502
£ HAS.
method resolution order (W A1= 7 < A) WA= 274 ¢A= 2351 S Ww S QA= o2 2
259 AU 23 dE|aRE gho] A JE|Z 2 H o AS-H e 59 Al e 8- The Python
2.3 Method Resolution OrderZ X ¥ F Ut}
module (2 5) sho]#l 7= 223} th9] & Wbk A, R ELS 92)9] ol AAE
A5tk B e 9y 220 8 selne e 2Eg UL

712 & HA L.

module spec (R & A28) L ES Z 3=t AHETH
importlib.machinery.ModuleSpec & 91~

o
i}
rr
o
alf
ot
N,
o

MRO w4 = 274 A & HA L.
mutable (7} ¥) 7} A= Zro] W 4 QA
|

named tuple (U] Y E $Z) (named tuple(V| Y= FZ)) °]
HEE }\]-_&'5}-0:] ]1: /\-51-/\ O]‘C _g_/\oﬂ N x
St Vv E ﬁlg T st
time.localtime () os.stat () 7} 92 ek gk 283t o YR P ol vd=E FEHdUth =
o2 o= sys.float_info?jqﬂl-.

rH
-
0.
rlr
o,
o
ok
2
Ho
XN
i)
i
)
A
29
ki
o
=
ko
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>>> sys.float_info[l] # indexed access
1024

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

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

True

AR UVJE FE2UHZFE HAY o) Utk =&, tupled A A% ﬁﬁﬂ%%%%g%@ga%
A 2ol Aol 2 MUE FES BE + s o8B Toak A7 AAAAY AL Br
collections.namedtuple () 2 & 4 AS5UTh T2 7|HE A H AAFAY YF U L=
EZoAE RS 2 gt 2 7R 2w A EE 27 % gtk

namespace (0|5 F7H) W7 AT = F4. ol F 2 GAYEE FEFYE Ao FHE ol ¥
(MA = o A) Erkopet A, Ao, W o] F 5] s Uth o] F 3L o5 == YAMA
_‘?_T‘Z:r/‘éa A Ygguch o o], ¥4 builtins.open 3 os.open() 2 159 o] E F 7o 9 &
B Ee o8 0L OB B YE FANCAE LA B A A4 7
q01] E22 Uttt 9 & £9], random.seed () = itertools.islice() Bt 2 1 3

—O] Z}Z} random I} itertools BEEO) o5 +EE ¢ g o] B3} - Ut

namespace package (°] & $ A B A7 A5 A oY 2 U 7] 5 8= PEP 420 7)) 7] #]. o] &
7 A= 22 A A AA 7L %i% 2 QAL 58] __init_ .py 3ol glemE A4t 9 7] 4] &=
chEUTh
HE T HAS.

nested scope (ZHE A7 Z) S Ao oA H4E F=2e}
Te vk ﬂ*oﬂ JeWTES 32T 5 5k
® 0] 5 4] gt 2] 2o sok STk A
WA=, A M ELS A A
s etehch.

new-style class (77 2Bl e 2) A F2 ZRE F
B 2719 ol W WANAE, 28 A 9

_ _getattribute_ (), EH 2 HAE, ~HE y A=

AFg3 2 gl ol th

object (AA) AE] (JEHELZH S 2T SZA (WA ) o] YF BE¢o]E]. T3 BE w28 S~
o HFAA wol s Fe AP

package (3] 7] 7)) A B REEo}, AA BT AHH 7 EL
l—‘Hﬂx]%_path 01 ﬂHE7]_O1L— _4_0]5(4 U\:ot}\/]q_

At W71 A & o] 5 FXH A = HA L.
parameter (|73 Sh (= WM =) Boj ol A Tk S 5 Gl A (s oW A AAS) €
ARt ol 5 & ﬂﬂﬂ oA E5of vl 7h A "r7} As Yt
e 9x-7]9 = positional-or-keyword):—‘Hi] b 719 E A2 A
H 3

ol
o] Aol 71& Fej o] mip A AU th A E &l kol Al foo &} bar:

3+
A=
)

e

i
-
30,
rr
rO
R
it
N,
o,
i)
A
v

’def func (foo, bar=None) :

o 9 - A& (positional-only): A2 Al52 5 A+ AAE AAZFUCLE A Ag A HF+=
S Ao /A S HE ) / FAE 2388 I F ol AY T S A5 oA E 0] thEolA

posonlyl 3} posonly2:

def func(posonlyl, posonly2, /, positional_or_keyword) :
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L]

W

] 4‘: 2§ (keyword-only): 7)1 EZ T A 52 5 Y+ AAE AL F E]' 719 =-A-8 w7
S o o] i ol A ol stk ZHA-9 X Wi AU+ E DT = Z el A 7‘4-/]31'
9)\?5“4 o} o & 01 o}2-oll A kw_onlyl 2} kw_only2:

> rlr

[o N

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

o 7}H-9] R (varposztzonal) (T2 w7/l HF=E ol Al o] u] Bhol=o A 9] 2] AAL=9 tl3)) Al&-2
T A=A AAEY g AAAE AAZFYTh ol w7 g = w7 H S o] Fofl * & kel
29X ZgE £ AdF UL A& S0 th ol A args:

’def func (*args, **kwargs):

+ P AE (arkemord): (£HE D W55 of 915 4 o)) oG el 2 A= A E o))
AZE 5 Sl Qo] A5 9= AAEE ARTUTE o) F w e v ol Fol <o &
ool 24 4D 4 &ITh o= So 919 ol ol A kwargs.

WA A8 QS-S 98 /1 gk oh ek A e Aol ALt B4 AAES AR T 4 AT

}301 F &=, Az} v =2 }polof L} 2= FAQ A&, inspect .Parameter Z @2, function
4, PEP 3625 H A Q.

path entry (G2 A=) 4= 7] 5holt) 7 QEE I HEES 27] 980 Fushe Qs Jw 4o s
4.

path entry finder (3 2 QlE 8] 5}21t]) sys.path_hooks o] Y= ZFHE(F, 42 JEDZ F) o] THFE
kel Qdd], FARX 42 JdE ZEEES = YHES <L Jd5FYTH
AZ AQEZ FJodygEo] +HI}= HAEEL importlib.abc.PathEntryFinder o] Y34t}

path entry hook (4 2 QE 8] F) sys.path_hook E|AE J=ZEAY, ER A2 dEz oA RES
Ze=lE dn dud d2 dEF 9y & E8F5Yh

path based finder (F 2 7|49 5}2lt]) 7] v} 4 = 3o & F U, I 2 E H =2 oA BRES 35
yrtt.

path-like object (27 ZAA|) 3t A28 A2 E e+ AAl. A2F AA= 42 E UEH = str U
bytes ZAA| o] A} os.PathLike Z2 EZ S Fd3E AA YU} os.PathLike T2 EF S XY
]

Sl AA) = os.fspath() FTE SE A str Y bytes L A 2" Az 2 HEE 4 5o}
th4l os. fsdecode () & os.fsencode () & ZZt str U bytes 2345 BEZF5t=0 AFE &+ U5

Uth PEP 5192 =915 95Utk

PEP 3}o]id 74 A<k PEP= 3ol AFUE o ZEE AFstAY sho] W e I 22 A2 Es &7
e N2 7 sS AYste AA A QUL PEP+ At 7] 5o tid 2% 7l AMS 2 2AE

Alza of gt

PEP= F 8 *HET 71%% At FA A g AFUE dH2S TR sty spoj ol St A A
P 718 Wl AY S AU o PEP 2 2k AR U E W ol A el & 758k i)

portion (S£4) PEP 420 o 4 2] 8k A &, 0% 32 317 Aol o wbA] 5= shitel plelejelo] Soj gl
ST A @p LN A & A% A5 FUh.

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

provisional API (Z+73 API) A3 API= 22 glo] B g9 A T34 R ozHE A=3 A9 AYUrh
AE] s o] 29 & i‘rﬂ O%WH A GA T FA A ojgtal RAIFH = 8 o] fEAEe] B8ttt
S A= 4474 T3 o] FAHA e WA dojd F AFUTE IR AL B Qs oR
dojual = o= AdUtt—APIE 23617 Aol X Foistal 224 Ao dad A -follvk

Aol Atk
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>

TR API N 2 A=, A S &g o] FAH A Ge W2 (259 —’F‘?}>> o7 047453‘4‘4 REAEH
-cxﬂ of thafl JA TS FA =M= o= %
o) AA BE 2ol et oul A7 B TRA AA 2 5ol wm e o U
syt o A S Y82 PEP 411

provisional package (23 2] 7] x]) &4 API & BA L

Python 3000 (3}0] %1 3000) o] 3.x viaE 2hle] ™ (M 39 w27} ¥ njef o] ojof7| | A Ao gt 3]
ol Fe°lth) ol 22 (Py3k) & S0 27| % Tt

Pythonic (s}o] Th-&) THE o} 504 AuhA Q) Y EL A3 A ZEE 785 41, 7o) 1 Aojol A
1R A7 AR S o Q5L Fh7ho] mEs ofoltolu} TE 27k o & Sof, hol ol A A5 2k
GG for BEABAN olclcl B0l 2 e @8k FHSE AYUT, T BE Aol ol

Fol FAE o] glon e, stol ol )% a1A e AREL Al 54 72 & AL = Bhick:

filo
27
(e
i)
v

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

o 2B, shol ATk Wy £ o Fguith

for piece in food:
print (piece)

qualified name (J 135 o] 2) ZEY A AF oA ZE AH Fe A, &5, wAE Oﬂ O]E% (A=)
= quzt Ho =z FEH o] F. PEP 3155 ol A FoF Ut H A4S ot Fa 2] Ao, A3t
]u 2 AA Y o] 5T

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

pass
>>> C.__ _qualname___
YC’
>>> C.D.__qgualname___
'C.D'
>>> C.D.meth._qualname__
'C.D.meth'’

223y

B2EE 77l AHE , AA S AF3E o= (fully qualified name) S & B 12 3] 7| X &
A REE 7= ZJEE E]% O]%%B]U]?QWTZ]- o & 50],email .mime.text:

>>> import email .mime.text
>>> email.mime.text. name_
'email.mime.text'

reference count (2 3147) AA ol tf 3 x| A5 AA ] F=x Slp7F00 2 DojA |, vl 2] 7} uhg
Utk 2 3¢ 322 dukz oz glo| W F=of = ﬂxlt A ok, CPython 7@ <] 34] 2 A dYth
sys E%% EA AA e Z=x 345 E8F = getrefcount () = Fo Tk

regular package (A #|7]A)) __init_ .py YL 3= e gt 2o A5 A 7] 4.
ol I A = HAL

_slots__ S o] A, AT of
AAGe 2N HEZE Ass 23S
= 722 HolehA, ‘}ﬂ glof ve 58
g5k Aol F5UTh

=
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sequence (A]A2) __getitem_ () ST HAEE &3 A5 AGAE AFGSHmE 8 4 WA AE A ASaL
AF2Y dolg EelF+_len_ () MIAEE BY ot ofElelE. BE WA A IS UEsEd,
list, str, tuple, bytes 7} 55Ut} dict =3k _ getitem_ () ¥ __len_ () < A YA g,

ct or _ =
230 A4 T4l A9 2] 20l 7] 2 ABSH w Foll A2k opzh B o A ALk Aol o3
oF S ok

The collections.abc.Sequence abstract base class defines a much richer interface that goes be-

yond just __getitem__ () and __len__ (), adding count (), index (), __contains__ (), and
__reversed__ (). Types that implement this expanded interface can be registered explicitly using
register ().

set comprehension A compact way to process all or part of the elements in an iterable and return a set with the
results. results = {c for c in 'abracadabra' if c not in 'abc'} generates the set of
strings {'r', 'd'}. See comprehensions.

single dispatch (J 2 t]A o] x]) & o] ghte] QAR Fof| 7|2 A AAE = Al g T ta)x
.

slice (&2lo]2) HF A|A~ o dBE 235l AA|. Eefolaes B ATHE 78S ARRSIA T Y
t} variable_name[1:3:5] A&, [] Stoll A o7 719 7\—;(]"—::_ ZF2o7 Byt tZs (AE
AFIPE)F7HE YREHo=w sllce A& AHs gk

special method (534 | A &) EI-O] ol gof o ArkE, QA 22, AP ul] FAH
ol M= F 7Hv4 V=2 A &stal Evb 01%% ZEa syt S5 HA
AR ‘?l":oiﬁ S4rth

statement (£73) T2 29 E (ZE9 (EF(block))) & FASIE FEYUTE EF2 2384 o] AL 7|9
c= }\]-_9_?5]—% o8] 7} LR E %0 st Utk 718 if, while, for.

text encoding (A1 AE Q17 4)) FUTE BEXI S vlo]EEE ¢ FYP3= A,

text file () AE 3}1Y) str AAE =
H ol AEY S BAM AL E—ﬂﬁﬁ 2 s A FULH HAE 5G9 2= HAE BRE ('
FE'w') 2 99 99, sys.stdin, sys.stdout, i0.StringI0 & A2HAE E = JHF YT}
Ho|EGF A2 & 91 & 5 & 3 AA o el A = vlol v g 31Yd = Zx3A 8.

AL G E (O G FLOSE () A AT FHR FAL.

©
rok

5 9% 5 A %, GAE AL AAZE vho] = A
L=

mlil
OWR

triple-quoted string (4= u}2 3% ¥ AR
w23 shuE S EAFL O Qe 752 AlF A = FA R, of 8 7HA] o] ol A 27 Y5 Ut
ojaAo]Z H 7 ke AW E U ZWM-EEE FAE A 2FE Y= F 5, AE FAE 24
FiE o] 2ol 2H S, s2EYS & 53] £2 AFUTh

type () shol#l A 2] & T710] oW E7] AN AAE FAFTh EE AA £ Fo] drch A9
P2 __class_ olEFRER A2 A type (obj) B 8= F AU

type alias (3 o A2l o] 2) FL 418 ] Q) she] BHEo| A= B F o],
Folgelolat 3 =g destshe o f 8T olg 51
from typing import List, Tuple
def remove_gray_shades (

colors: List[Tuple[int, int, int]]) -> List[Tuplelint, int, int]]:

pass

£ rhesh 2ol B 97 44 BE 5 de U

from typing import List, Tuple

Color = Tuple[int, int, int]

(TH& ST Aol A1)
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def remove_gray_shades (colors: List[Color]) -> List[Color]:
pass

kg gte) Zlohs = 3 A ke o
o] 4.
3 Qe A Y Algoln sho] Mol A A A= itk AR, A A @ 24 =7 o] 4§30 IDE
o m= g W e AEY S Fouch
A HEE AL, A Ay, FH 2 AEYFE L 49 P SIE=typing.get_type_hints ()
£ AFg kel A2 5 Y5
o] 715 A3l typingd} PEP 4845 FX3HA &
universal newlines (-1 4 Hﬂ)q<4é%aggaczqﬂgiﬂﬂﬂaaazczﬂgﬂ&
Bh= B = 2 7H S 51} e \n', A== \r\n', ALY NEA] & '\ F7HE
Ao JJroH /H =Dbytes. splltllnes () ®ut ol 2} PEP 278 &} PEP 3116 & H A 2.
variable annotation (H5~ o] o] ) W4 T Z A o] EGHE o] - H o] A,
WS e Fef s ol e e o el o] A 2 Bl AE A th
class C:
field: 'annotation'

M o golde dutH oz F =2 AgHUTh o Sof, o] Wit int e Y Ao

71t Yt

count: int = 0

Ha o] g o] A -2 A A annassign ol A A g o}
o] 7] 5& A3t 3 o] = H o] A4, PEP 484 @ PEP 5262 % 3}»

O
virtual environment (7}4} 7)) s}o) % /’\]-31]-9} SE& 2ol T2 A|aH

1l
Aladlol A A E = o E shol

832205 ol JHE P ¢ Yowl A, shol 1 BT o 7] A1 52 435 A e o] =5k
A& el s, RE Ao AelE Aa 47,

venv &= E_}‘ﬂJJ_

virtual machlne (7]-/‘]' Z1A) Az E oo R HolH AFE. gto|He 7MY 7 A= ol E ZE Hupd e 7t
Akl

H .
ZdemeANWﬂ)#l&ﬂ Aele} Aer5e] B2, 101 E o35 g B 8ol
FUth o] BS2 o)3hy 2z o)A (import this) & AsHE BTk
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A A9} o] 2 93 B4 Q1 L sho]l W A 9} v A IR 2 AR o7 AABARLY = F ) 7] oj st
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AALRL 2fO] Ml A

1 AT EQ0{e HAl

] WL ABCElE= Ao A AZ A v & &X 9] Stichting Mathematisch Centrum (CWI https://www.cwi.nl/
./] Guido van Rossum o] 9] 3 1990 At Zulef] rEo] H 50Ut 3tol M o= 2 A& 52 Be 33 o]
Q‘”Z}”&, Guido+= Fto] W o] £ 8 A AR o} Q5T

1995, Guido+ Virginia 2] Reston 9] 9]+ Corporation for National Research Initiatives(CNRI, https://www.cnri.
reston va.us/ 2H2) o A1 5Fo] A 2 A2 A% B, o] ol A o] 2] 1 A2] 432 £ 9] 0] F 2 A WL T

20003 5¢Y, Guido 2} 5ol A a1 A 7 9FE]l & BeOpen.com 2. 2 & 7 4] BeOpen PythonLabs ¥ & A4 A5t} &
2 3 10%, PythonLabs & -2 Digital Creations(¥ Al] Zope Corporation; https://www.zope.org/ #Z) 2 & H 55Ut
2001 d, sFo] W 4 E ¢ o] A} Tk (PSF, https://www.python.org/psf/ Z2) o] A A5 5 th o] &A= gho] A
A A F QA S AFFEE 5E3] A H v 8 2 & YUt Zope Corporation PSF2] T 3] Ut

RE glold a2 g2 FI| A d Ut (F7] 22 F 2o o F A= https://opensource.org/E FZ 3 Al L).
Ao, PR (FA W AL obdyth shol Ml ER2 GPLI TP Uth obel o) Et chF T
(]

EE

1~l uN‘ 3,; (@]

Hf = =t oAM= 32T T S PNEY GPL &7
09.0~1.2 | n/a 1991-1995 | CWI yes
13~152 | 1.2 1995-1999 | CNRI yes
1.6 1.5.2 2000 CNRI no
2.0 1.6 2000 BeOpen.com | no
1.6.1 1.6 2001 CNRI no
2.1 2.0+1.6.1 | 2001 PSF no
2.0.1 2.0+1.6.1 | 2001 PSF yes
2.1.1 2.142.0.1 | 2001 PSF yes
2.12 2.1.1 2002 PSF yes
213 2.1.2 2002 PSF yes
2.2 ol A+ 2.1.1 2001-#A] | PSF yes
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F3: GPLY ST 2S $2)7} GPLE shol i W E Btk 212 o84 & ok o, B ol Al
Shol Ml GPLT} 28] ol e 2e) AL 3/] £os BEA i 54T WAL WET 2 g Ttk GPL
S 2hol ks Sho] M3} GPL dhol REH ThE 22 EF0) S 2RS4 A FUTH OE A5 187

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

gfo] A A Z E 9 o] @} AW A= PSF License Agreement©l w2} 2fo] Al 71 Hof 5 Ut}

glo] 4 3.8.6F €], A A2 oA, Z2]H Y 7]E} T =+ PSF License Agreement 2} Zero-Clause BSD license|
we} o] 5 ehol 4l 7} of L.

SolAo) B4 A% 4megofol i ChE ehol A7k 4 SH T ehol st 35 ehol Aol Bt
SE9) o h R Ut ol elat ehol A 55] BT BB S £ e 4 e gojo] T8 2ol 4l 3 S0l B
FzeAAL

C.2.1 PSF LICENSE AGREEMENT FOR PYTHON 3.8.13

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

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

3.8.13 software in source or binary form and its associated documentation.

2. Subject to the terms and conditions of this License Agreement, PSF hereby
grants Licensee a nonexclusive, royalty-free, world-wide license to.
—reproduce,
analyze, test, perform and/or display publicly, prepare derivative works,
distribute, and otherwise use Python 3.8.13 alone or in any derivative
version, provided, however, that PSF's License Agreement and PSF's notice.
—of
copyright, i.e., "Copyright © 2001-2022 Python Software Foundation; All_
—~Rights
Reserved" are retained in Python 3.8.13 alone or in any derivative version
prepared by Licensee.

3. In the event Licensee prepares a derivative work that is based on or
incorporates Python 3.8.13 or any part thereof, and wants to make the
derivative work available to others as provided herein, then Licensee.

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

—Python
3.8.13.

4. PSF is making Python 3.8.13 available to Licensee on an "AS IS" basis.
PSF MAKES NO REPRESENTATIONS OR WARRANTIES, EXPRESS OR IMPLIED. BY WAY OF

EXAMPLE, BUT NOT LIMITATION, PSF MAKES NO AND DISCLAIMS ANY REPRESENTATION.
—0OR
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WARRANTY OF MERCHANTABILITY OR FITNESS FOR ANY PARTICULAR PURPOSE OR THAT..
—THE
USE OF PYTHON 3.8.13 WILL NOT INFRINGE ANY THIRD PARTY RIGHTS.

5. PSF SHALL NOT BE LIABLE TO LICENSEE OR ANY OTHER USERS OF PYTHON 3.8.13

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

MODIFYING, DISTRIBUTING, OR OTHERWISE USING PYTHON 3.8.13, OR ANY.
—DERIVATIVE

THEREOF, EVEN IF ADVISED OF THE POSSIBILITY THEREOEF.

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

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

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

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

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

third party.

8. By copying, installing or otherwise using Python 3.8.13, Licensee agrees
to be bound by the terms and conditions of this License Agreement.

C.2.2 BEOPEN.COM LICENSE AGREEMENT FOR PYTHON 2.0

BEOPEN PYTHON OPEN SOURCE LICENSE AGREEMENT VERSION 1

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

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

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

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

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

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

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

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

C.2.3 CNRI LICENSE AGREEMENT FOR PYTHON 1.6.1

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

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

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

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

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

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

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

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

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

C.2.4 CWI LICENSE AGREEMENT FOR PYTHON 0.9.0 THROUGH 1.2

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

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

STICHTING MATHEMATISCH CENTRUM DISCLAIMS ALL WARRANTIES WITH REGARD TO THIS
SOFTWARE, INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS, IN NO
EVENT SHALL STICHTING MATHEMATISCH CENTRUM BE LIABLE FOR ANY SPECIAL, INDIRECT
OR CONSEQUENTIAL DAMAGES OR ANY DAMAGES WHATSOEVER RESULTING FROM LOSS OF USE,
DATA OR PROFITS, WHETHER IN AN ACTION OF CONTRACT, NEGLIGENCE OR OTHER TORTIOUS
ACTION, ARISING OUT OF OR IN CONNECTION WITH THE USE OR PERFORMANCE OF THIS
SOFTWARE.
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C.2.5 ZERO-CLAUSE BSD LICENSE FOR CODE IN THE PYTHON 3.8.13 DOCUMEN-
TATION

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

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

(9]

3 ZeHEl 2 Z Eq0foll chst 2lo|MlA RS2l

o] AL sho] A ) E ko] EFH AR 4z g ofol Tl g B ABA ¥ ol b1 Qe Thol sk 5ol
=29k

C.3.1 HZEM EQ|AH

_random EE-2 http://www.math.sci.hiroshima-u.ac.jp/~m-mat/MT/MT2002/emt19937ar.html o] A W &
e o 7Nt =5 XL 22 ddl =9 A4S IdE 57 Ad Yt

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

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

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

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

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

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

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

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS

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

LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR

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

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

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

C3.2 A%

socket EE2 getaddrinfo () 2} getnameinfo () &F&E A&t} o] 52 WIDE Project, http://www.
wide.ad.jp/, A & % 22 3td 2 FQE o] g5

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

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

modification, are permitted provided that the following conditions

are met:

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

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

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

THIS SOFTWARE IS PROVIDED BY THE PROJECT AND CONTRIBUTORS ""AS IS'' AND
ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE
IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE
ARE DISCLAIMED. 1IN NO EVENT SHALL THE PROJECT OR CONTRIBUTORS BE LIABLE
FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL
DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS

OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT
LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY
OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF
SUCH DAMAGE.
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Copyright 1996 by Sam Rushing
All Rights Reserved

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

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

C.3.4 #7| &z|

http.cookies RE2 thg3 &2 £ AHEHE 283Ut

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

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

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

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

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

Python 2.2 license.

Author: Zooko O'Whielacronx

http://zooko.com/

mailto:zooko@zooko.com

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

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

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

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

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

C.3.6 UUencode 2! UUdecode &

uwu RES 023 22 o] AFLES 23

%

Y

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

(TF= ol ATl A%
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version is still 5 times faster, though.
- Arguments more compliant with Python standard

C.3.7 XML &4 =2 Al

ol
¥

xmlrpc.client BE2 b5 22 3o Abde 2943 th:

The XML-RPC client interface is

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

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

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

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

C.3.8 test_epoll

test_epoll REL T} 7} 28 29 S 2 HF T}

Copyright (c) 2001-2006 Twisted Matrix Laboratories.

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

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

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

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

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

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

C.3.9 Select kqueue

select BE-S kqueue QB 5] o] 2] Ta] T}g7} 22 Fo) S =TT

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

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

modification, are permitted provided that the following conditions

are met:

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

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

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

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

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

C.3.10 SipHash24

3}9 Python/pyhash.c °]+= Dan Bernstein ] SipHash24 €17 2] & 2] Marek Majkowski 2] - & o] 3 3}=] o]
AsUh o7+ o33 22 Y& £3F o JdFyth:

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

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

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

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

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

C.3.11 strtod 2} dtoa

C double I+ &2 749 WIS 93 C &4 dtoa &} strtod S A2 5H= kY Python/dtoa c = A http:
/ Iwww.netlib.org/fp/ ol Al A& 4= 91+ David M. Gay 2 @8 o] &9 wtd oA FAE A5 YTH 20095 3y
16dol e AR stdo= tha 7 22 A&d B gtoldls F A 7F 23 of sy Th:

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

The author of this software is David M. Gay.

* % o

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

* % o

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

* % ok X

*

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

* REPRESENTATION OR WARRANTY OF ANY KIND CONCERNING THE MERCHANTABILITY

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

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

C.3.12 OpenSSL

B 5 hashlib,posix, ssl, crypt + &
S EEREESENETI e
o= 2 o 7)o OpenSSL &Fo] Al 2 AFE

B A A7 AHEE 5 AA sHE F7He] A 5= #1301 OpenSSL gto]
X gho]lW A L2 7L OpenSSL 2fo] B &g AHL S 233
= T H:

o
>z

LICENSE ISSUES

The OpenSSL toolkit stays under a dual license, i.e. both the conditions of
the OpenSSL License and the original SSLeay license apply to the toolkit.
See below for the actual license texts. Actually both licenses are BSD-style
Open Source licenses. In case of any license issues related to OpenSSL
please contact openssl-core@openssl.org.

OpenSSL License

/* - - - =

* Copyright (c) 1998-2008 The OpenSSL Project. All rights reserved.

(TH& ST Aol A1)
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/*

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

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

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

3. All advertising materials mentioning features or use of this
software must display the following acknowledgment:
"This product includes software developed by the OpenSSL Project
for use in the OpenSSL Toolkit. (http://www.openssl.org/)"

4. The names "OpenSSL Toolkit" and "OpenSSL Project" must not be used to

endorse or promote products derived from this software without
prior written permission. For written permission, please contact
openssl-corelopenssl.org.

5. Products derived from this software may not be called "OpenSSL"
nor may "OpenSSL" appear in their names without prior written
permission of the OpenSSL Project.

6. Redistributions of any form whatsoever must retain the following
acknowledgment:
"This product includes software developed by the OpenSSL Project
for use in the OpenSSL Toolkit (http://www.openssl.org/)"

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

NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES;

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

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

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

Original SSLeay License

Copyright (C) 1995-1998 Eric Young (eay@cryptsoft.com)

(cF

= oA ol A%)
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All rights reserved.

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

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

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

the code are not to be removed.

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

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

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

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

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

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

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

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

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

pyexpat &2 =5 ——yith-system-expat & FA SR &= 3, EHH expat 22 AHE S AR5} o]

dEgynh

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

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

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

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

C.3.14 libffi

_ctypes 8HAL WTCE —_yith-system—1ibffi & FASIA] &= 3t £ H libfi &2 AFES AR5 o]

e

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

z1ib B2 A|2Eo A A zlib W o] Y7 LefE o] A o AbRE 5 glow,

A-gstel =g o)

Hl

3)
=4

(A
N
c
B>
[>

Copyright (C) 1995-2011 Jean-loup Gailly and Mark Adler

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

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

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

2. Altered source versions must be plainly marked as such, and must not be
misrepresented as being the original software.

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

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

C.3.16 cfuhash

tracemalloc ©f &3 AHE5 = al A] H| o] £9] FH - cfuhash ZE2AE

]
N
L
[o
fru
)
°
k)

Copyright (c) 2005 Don Owens
All rights reserved.

This code is released under the BSD license:

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

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

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

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

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS
"AS IS" AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT
LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS

(TH& ST Aol A1)
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FOR A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE
COPYRIGHT OWNER OR CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT,
INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES
(INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR
SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT,
STRICT LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE)
ARISING IN ANY WAY OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED
OF THE POSSIBILITY OF SUCH DAMAGE.

C.3.17 libmpdec

_decimal EE2 WY E=E —-—with-system-libmpdec & T4 3}X] &+ oF, Z3HH libmpdec 22 AFE S

Agstel =g o)

Copyright (c) 2008-2016 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 C14N E|AE AQIE
test F 7] X2 C14N 2.0 E|2E A9 E (Lib/test/xmltestdata/c14n-20/)+= W3C 9 A}o] E https:
[ Iwww.w3.org/TR/xml-cl4n2-testcases/ of| A 7FA 2k 2. ™ 3-4 BSD 2}o] Al o] v g Yt}

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 fol-
lowing 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.
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* Neither the name of the W3C nor the names of its contributors may be used to endorse or promote
products derived from this work without specific prior written permission.

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS (AS
IS) AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE
IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PUR-
POSE ARE DISCLAIMED. IN NO EVENT SHALL THE COPYRIGHT OWNER OR CONTRIBU-
TORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR
CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUB-
STITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUP-
TION) 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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Copyright © 2001-2022 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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