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2.1.1 73t 4

spam( ¥ ol M3 o] 7HF Fotste w4 ) olThe B BES WEAlth, 181 C 2ol H e
4 system() o] tf st ho] M QI EFH o] A5 WHER AT FAITH. o] T 9 TE FALS AR
ot A5 HaU L Sl o] F4F thg T Zo] Sl uel A 52T 5 A7|E ATk

>>> import spam

>>> status = spam.system("ls —-1")

spamnodule.c AUE UEL AR NHHFAN L. (JNH L2, REE spancl a4, g pAE
ZAdst=C oL SPammodule cehal FUth B E o] F o] spammify X w9 2W, BF o] 5L 1

spammity.c% % 92 th

R e YE|=F

#define PY_SSIZE_T_CLEAN
#include <Python.h>

o] 212 vto] M APIE 7FAFUTH(Asttd RE EAH A&E FAE A T4 & 2718 5
AsHTh.

Fa: ghojdo] R A ~FY] RE FTol] YIS v A= IR AA 7] FgE AT 5 ojA, BE
357} 285 7] Ao ¥t=A] Python.hE Z 8] of gt}

Python.h& Z33}7] Mo &4 PY_SSIZE_T_CLEANS H 9|3l Z o] £FULE o vja =2 tfgt
ol A1 uj 74 #?—%6}71 2 A2FAHAL

9}

2]

rlr

5e B2 HY B0 AolH 752 A9 ST BE pyr) Py

Python.h7} 9 St A2} B 4~
o, 2] 31 sho] A QIE| 2Bl 7} 91 817 A1g-817] w2l "Python.

AEAE 25Tk B E 9

I-J

h"e= 9 73] & 99 39S 2834t} <stdio.h>, <string.h>, <errno.h> % <stdlib.h>.
T2 & 3ol A" gled, e malloc (), free () ¥ realloc() = A A HO@ME}
o2 BE g 7= A2 Fho] A £d 4] spam.system(string) o] 372 W 2D C T
"%1141’%(017401 AEA SEHE=A 2 A 2 A UTh:

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

const char *command;

int sts;

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

sts = system(command) ;

return PyLong_FromLong (sts);

E2WEEo,dd A "ls -1"M A C T E ALTE = AR 73 H3lo]
o} argseh= T 719 Q7L I Th
An]

£ ARE A HUTh WA S A5 A7 A Ag sk Ay

AR o e ZAE QT FEO 4 FEL 529 AA

args QA= QA ALS L83l oW EZ =
o gle Aol s FFUTE AR = ol d AAJUtt — C FolA FA7ME s 5t H o] 55
C %l—oi W35 oF Ut} glo]l W APIC] PyArg_ParseTuple () 5= QA & &Q13l1 C o2
BT 8 BAES AMEEte] DS A P wMEE g AT C s P A FYT
Lol o] Zlof] th el ZpA 3] LobR ZlssUTh

EEJQAY Yol gut2 g A 247 T4 Add W A3 ¥, PyArg_ParseTuple ()
2 (o] obdUTth L uls sttt S EFA UL oA BZo| AW AR (0)S wEEh ) T ato
24 5% B47h (ol A BEO) NULLE A MR 4 U 42T o2l & LA,

Vo] gof th 3l Qg o] 2= BFE 2 F osol o|v] AUtk thela the gl o) Al 2 A EE s Tk
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2.1.2 97+3: o2l 2} ol 9]

st Qe zele AA A T2 FAL 2T 2EUTH 47 Anetd o) 2AS 4Q T o
22k (25 NULL 2 91 E)) 2 whsksl of S th, ol 9] = Qe el e W 2o] A4 de] WMol Ag Ut of

W7 NULL o] W o €] 7} i EHA] ¢S A YT F A 75_°3 W= o 9] o] “AAH ZH(raised] thak
T A dzh < ?ﬂ%‘@qﬁr. Al AR Aol = o 2] 7} ho] W T ol A A3 A9 A8 E g o] A o]
ZdFYth o] Al & sys.exc_info () 2] gto] A A3t th3 C 55 4 Ut (go W 2ho] B 2]
G20 Qe 2E sysoll that AALS F23AAA Q). o2 7} ol B A A E=3] o])5t7] Hal A=

o] Soll h3 ok 2ol L3 ch
shol A API: Thest § o] o) 2 A3 3t7] A3t of o] F52 B9 Fuith

7H& dwbA <l A2 PyErr_setString () YU th Ak o9 A9 C EAL AU, 9] AxE 2
& PyExc_zeroDivisionError®} &2 Hlal Ao AR YU CEALL o2 9] 9402 UEh vl
stold EAA AA 2 W2 of o2 o] “AdH g oz A gt

= DPE & 2 “E‘?—EPyErr SetFromErrno () YUT} o] T ol 9] ATk 6t
/\].-5].0:] ﬁ S FASY L 71 kA 9l Sk = pyErr_SetObject () 9]
7H«1 A AAE HAFYth o] H e 5ol A= AA S Py_INCREF () fg

PyErr_Occurred () & 2|7} “%Qcﬂ A=A ¥ 347 F OE AAE 5 Ut A A9 AA
of| 2] 7} kg &1 2] ¢k O W NULLS REFU T vk gholl Al & 5= QlofoF A EHtA o= Fhap S & of A
o & 7} LA g =] BHol5}17] 95 PyErr_Occurred () & r‘a%i} S+ sy

)
08 g gs &0k T 71 g Al E AAZ o, f AA7F ol ¥ gk (B8 NULL o] U 1) 2 WEEha] oF
it PyErr_*() T F }‘/}E S E0HA] ghotop T — g°114‘3H l ) ZEH AU 28 E £
TEAE GA PyErr_* () & §lo], A9 T &AM A] o & A E HHEHS]
H U — ol & 7 WA ZA S el o3 ol 39 7 ZP*] Fg<lo] o]w] B s gl UTh
At o 217} gho] A AE Z 2] E ] U1]°J$£°ﬂ S, A A¥ 9l Fo|W FEE Fbstar gl A
JEZ\’HUVFXV*?W%M Al 71E el Al =dyth
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(& E0},PyLong_FromLong ())<= o]u] o] A& 583tm g, o] 2 tmalloc() S o A S E25e

T E Aol Al v o gy o
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ofd oo & YA Z A= HALE oY AdUth BE WA ool A o & of) s Fsh= Abd A A H
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PyExc TypeErrorE TAAI A YT ko] EA HY Yo ookt AY & % 7'] O U]'*"OH oF 3=
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static PyObject *SpamError;

ae)a REe] 2713 & (PyInit_spam()) oA o] AA & 2733t
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PyMODINIT_FUNC
PyInit_spam(void)
{

PyObject *m;

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

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

return m;

OLgé}spam error¥dof F AU A L. PyErr_NewException () &4+ (NULL
| ¢k 3} vl o] 2 Z ] 2 7} (bltin-exceptions 9| A} A W H) Exception?l Z&|

13 o, FeH A7} %Z*H SpamError7}
UH%r’d(dangling) J EI7F A P 5 ot |, Sefaol e FxE 2/ 27t dsyth vigd
A7 OM SN =CHAETFFo] YZ U THE o 2517 9Fe 1282 o 4 ol th

A
=3} 2ol PyErr_SetString () & £&3}] & RE A spam.error & A Z 5 JAF Y

Ly

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

const char *command;

int sts;

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

sts = system(command) ;

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

}

return PylLong_FromLong(sts);

8 Chapter 2. A|4H7l £ glo] &4 wHE7]
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2.1.3 A A& So}7}7]
A F4= Eol7HA, o)Al A E-L o] BFS o3 T 5= Jlojok FTh:

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

AR} B = o)A o 2 7} A S W PyArg_ParseTuple () ol 93] A7 E of 9] o] 9] &3}H A NULL(A A
EQEE MBS Fo2 e TA)S WRAUTE 294 oW Ao T ghol Ao WS
Command"ﬂ E/\Pﬂﬁi Uth o] 22 2AH ol 7He) 7= & }%‘ TR ¢ Btk (kA

o
FEZ CoA, ¥4 command+= const char *command® 2H}FE A A A5 o] oF S th).

o BFL frd &5 system () & &), PyArg_ParseTuple () oA @2 B S A2 Y]
=5

’sts = system (command) ; ‘

22 9] spam.system() = sts TS ol AAZE WG oF T} o] AL
PyLong_FromLong () &5 A& 5to] o] F o] Yt}

’return PyLong_FromLong (sts) ; ‘

35, A AAE U (o, A2 AE golddA = A4S AR dYTH)
83 AAE WBFA % C T (voidE WEFHE F4) 7 YO, T Fold G4t None S WH
o] #8717 2R3t (Py_RETURN_NONE W22 2 H U T}):

Py_INCREF (Py_None) ;
return Py_None;

By None® S5 shold A7 Nones] C o8 e Skl A Mgt el, v 29l oA e St
+ NULL & hﬂ 7} ok gk Am sfo] A A A T}
214 RE WA E HolEH 273} 4

sho] 2l =2 190 A span_systen () o] o 87 &&= Hol FAThR F& YL UTh BA, WA E
Bl ol 7ol o] 23} 4% 113 oF Fith:

static PyMethodDef SpamMethods[] = {

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

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

bi

Al A &2 (METH_VARARGS) o]l §2 3t A L. o] AL Az Ho Al C o AHRE 55 73S
gy FE=Zgagych gutd o g Ak METH_VARARGSLJrMETH_VARARGS \ METH_KEYWORDSOZ] of
Ut} 0 k2 = AR5 A 4= PyArg_ParseTuple () W o] AFRE S o ngh )

METH_VARARGS % }\}*Q‘%]"IH S ol F w7 M7t PyArg_ParseTuple () & 53
Ao s &H = REE NG 2R ]EHOHOFﬂ‘JE‘r o] grrofl Th 3k ARA| 3 A B = offof] A
71Y9 = AAE Frpof] Adsfof 3hd, Al HA] =0 A METH_KEYWORDS H|EE A A& 4
o] A%, CTI+ 71—r4 gxu e 72 Al ‘ﬂWH PyObject * uf 7 | E dops o of 9y
gt = PyArg_ParseTupleAndKeywords () 5 A& 3te] QRS & BASIAIAI L

HAE Hol B2 2E Ao FTXRA A % iﬂﬂ@ﬂqq
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static struct PyModuleDef spammodule = {
PyModuleDef_HEAD_INIT,

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

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

A, o] A= REQ 273} g A 0131 gEE dgs ook Uk 273 T4 o5
PyInit_name () ook gt} o 7| A namee ZES] o] EolH, & g HoH 7 L3 v static

a-5-0] o] of ] oh:

PyMODINIT_FUNC
PyInit_spam(void)
{

return PyModule_Create (&spammodule) ;

PyMODINIT_FUNC:= 34 E pyObject * dl81g o2 sy, SANZo] a3 E4 3 HAS A
A, C++2] B9 TS extern "C"E A AT oA L.

ol Z2 o] 508 BE spamg YEE o, PyInit_spam() o] £EF Ytk (o] Y49
ol A= obef ol A AF Ut o= PyModule_Create () & &&3t=H, 28 AAE WHshst 25
oo A 2+ H| o] & (PyMethodDef F2A Y Wl @) & 7Hte 2 WA &+ AANES ANE s ZE
“ﬁﬂQﬂ~WWMMeCmﬁeULWEE§JMWWWQEQH%QQQQWN%@ﬂﬁﬂ%%
APAQd Y2 THEHAY, RES UX2HA 2713 5 gled nuine ek ¢ syt 2713}

l

F4E 2E A48 3270l A was of gtk 28 sys.modulesol 4F1F LT

slol M-S WYFe o, PyImport_Inittab H o] £ g&o] YO PyInit_spam() T 7]. AEo 7
5254 SirLlth RS 27]5 ool Ho 274821 W, byTnport_Appendlnittab ()& AHAS}L,
daAos Trge] RS AT E Tk

K

W

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

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

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

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

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

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

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

(Th& sl AT ol AS)

10 Chapter 2. A4} 7 glo] &4 w571
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(o1 sl o] A A A%)

PyMem_RawFree (program) ;

return O;
I3
ZF31: sys.moduleso| A FE& ]74'5}74‘/}—’-3/31 ol A AstddE RS e AdE=ZgEHE dx2
£ B0 (S exec () 2 A 1A 3L fork () & W2 H) AY 9 LEO| EALEAL S A5tk
Y RE Z}”Z}—W—‘T‘—Eﬂo]ﬂ:ﬁ %57]§‘rﬂﬂ FOE 7)o oF Pt
5

2 AAA A ZEo] Modules/xxmodule.cE Jto] M A | Zobo]] 8T o] 95Ut o] Y
g 27 AR AU v JAlZ 9 4 dssUth

Zr31: spam A AL} EE] xxmodule-2 tHA| & 7] 3} (multi-phase initialization)(3}o] A 3.52] M| 28 7]%)
£ AU T o 7] 4= PyModuleDef 2 A 7FPyInit_spamol| A RESkE 11, 5 A& 2 E H 2}o
TAZJ Y oA 2 7] 8ol o & AFA| & W -§--2 PEP 4898 FX 34 Al L.

215 HulYgd g3

MEL ZFES AFEsH7] Aol o & F 7HA] 2 o] o As5uth: Ao} aho] A A|Ag o] 3.
A 2YE AFSEH, Al A /‘]’\E" o] A}*"“ﬁ}hi’q 29 2gdo ugt et 4= F5 Ut &
RESWES o] HE G} Crr Y =5 A D= Dol thgk AM o F R oo 2
FHE F7 A B (A=A C2FC++ ﬂx& “155}7} HE FRIAA L.

FHEESALTE S YA RES FJojA AHZHY 7 HA o E rEHE, T AAES
W75kl AE Z B B E ThA| "”‘:*ﬂ‘ﬂ: J‘%D} + FAE, o] A2 FY 2 A v UL S5 S F
A B E Q] Modules/ YA E o 91 (o] & E9¢] spammodule.c)S £, Modules/Setup.local
st Y B Bt S 7|3 T ES FUEIMIAl L

spam spammodule.o

a8l H A9 g E 2 o)A makeE A Fo] QB Z 2 EHE thA] MEFIAI A L. Modules/ A H t]E g
2] A makeE AP % 9 A0k, HA] ‘make Makefile’ & 4 3 3}o] Makefiled ThA] R =3 o gt}
(O] AL setup Y-S HAE ujjujc}t D QI c})

2Eo §3d FrhetolHe g7t 2R, o] Ax 74 3td o] Eol dE = s A€ =ol:

spam spammodule.o —-1X11

Ag7HA stol Mo CFrE 22T F Y=F st v AFAFUTE L W s 83Ut CollA
gtol W g T 537, o] A2 58] “FWM” 45 AWt ghol B2l o] A% s Th C Q1E H o]
27 E G, FE st ol M2 T st A R I M A S W AYS S ATl g 287t
AsUTH FEE CZHA sto| 9 45 TS o FUh T § 55 44E 5 syt
o3 3], stol W Az el E = A7 A2 A TS W, FolH d4E TEdhe BE A o] 271 9
SUSH (53 T4 LS dg o gold six & T &5t ol tisiAl = thR A s Ut — 34l o]
AJTid, ho] A A | Al Modules/main.cd -c 8 £ 34 7S AHEAA L)

gto]| W 45 T2 = 5 UTH WA, So] W =2 WL o]@ A E o] R A Tto| W T4 AAE
AeEsfof Fuch o] & A8l T (e o A" ) 2) S AFsfof FUth o] 7t Ed of, A
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o W4 (L o g o] B7lo] 4 AT ool ol shol A & AR o thE LIAHE AN
(Py_INCREF () 510k 1 210] £ 414 21). A& Bol, g F4£ 28 H9 9] A2 5 A5tk

static PyObject *my_callback = NULL;

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

PyObject *result = NULL;

PyObject *temp;

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

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

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

;

return result;

°] &< METH_VARARGS e}l LS AH8-3kof QIE| Z 2] B of 553 of i th; o] 22 A4 B of miA =
g o] &3} 273} ghof A E o °"‘1/1EP PyArg_ParseTuple () &2t 2 A9 A= &4 ool
A WS 325 A As o] g% th

W] 32 & Py_XINCREF () 2} Py_XDECREF () &= AR IF= Q\—’r—% Z 77 A A 7)1 NULL 2 E 7} &
o AU T (2 o] FH ol A temp+= NULL©] 0}% o oA 2). AlM Fx Slao o]of th gt
ARG A5} e,

Uz, 8 258w, C < PyObject_CallObject () & L& F U o] o= 7 7R A
S, B qislel ol a Adel A E el 1l ol 8 A% 0 5 A 5 T4
Aol 7} Az 422l 7 AR ofof Itk 1A} }lo] ol 45 &5 W, NULLo| Ul FES
AL 2 Shke] Az SEdteiw, & P2 FEL AR L. Py Buildvalue () & £
TR o] F3 Afolof 07] o] e 2 FER FAFHG S v FES WU Th o & &9

int arg;

PyObject *arglist;

PyObject *result;

arg = 123;

/* Time to call the callback */

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

result = PyObject_CallObject (my_callback, arglist);

Py_DECREF (arglist);

PyObject_CallObject () & Tto|X A ZAHE v Uth: o] AL Ftol A To v et 3
AUk PyObject_CallObject () & AAkS} &3 “F= A5 FHA YU o] ddA =
PyObject_CallObject () && A& Py DECREF () ¥« A HH L2 AR A FZo] WHE A

“Yh

PyObject_CallObject ( 9] 113} 7re “Aﬁﬂ”?:]l/] D A A RS A o] ALt F
71E AR JU T mebA, A Hgof] A sty = 01 obd 3k AAH(E3]) 2 3%k
ZA 32 py_DECREF () 3l oF g1 th.

I, o] Y2 7] Aol Wk gro] nuLLe] obd A &lsfof itk 2 Thd, spol i e
o 9] 2 WA A A Z 23 AYU T PyObject_CallObject () 2t C ZE7L Stol Mo A 29 rid
o] A| 3ol EEZ}Oﬂ A ollg EAIS W&ﬁ}%oﬁ%aﬂ\ﬂﬂé Ef o) AE A} AL TEE=
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NI a4 Yr= sh) o] o] E7153 AV vt A5l A] 9o, PyErr_Clear ()

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

vfol % Zul o] thal Y sh= Qe 5| o] Ao W}, PyObject_CallObject () ol Q1A 22 A F3] oF
F 55 G wo) ufeh A B2 29 P2 A Y 22 Aef o] A5 B sol ¥ m2 1A
ABFHYE 218 0 §5 AR 22 A0 2 AT AT 5 A5 T2 FPolE, AR BS
o8 AYM FES THAL L L% ST oA FE 1 BAD P2 py_Buildvalue ()
£ 328 AYUTh ol & S0}, A% olilE 7= g AW, 0 7= LT S AFU
PyObject *arglist;

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

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

=% {4, e ¥4 Aol by DECREF (arglist) o] WA o] o ShHA 2! R o457 2ot ol
TESL QA A SO §913H41 Al 2.: Py_Buildvalue () o W% 27 HET 5 glo] A BHlaof
biashe)

kst 79 = S A A3 PyObiect_Call ()& AH§3H] AHE A4} It B5E 5ET S5

Ad5UTh 99 oo A ekzto], Py_Buildvalue () S AHR3te] 9 S AT

PyObject *dict;

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

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

2.1.7 3 Fol A w7 W4 22517

PyArg_ParseTuple () T4t t}g 3} 2o] A A U r):

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

arg A7 SFOI RO A C F4-2 RS & 12} B8 o] ZH F5 AR ook FUTh formar S A= o)
44 e0] o]} 851, £1.& 3hol LUC API 93] D2 v 2] arg parsing] 435 o] I e 1914
b ER Bxpgol o5 Pol AR & M Faofof Fuich

PyArg_ParseTuple ()2 Sto] A Q147 L. 75 & Y914 HAAsHA v Eoo] ADH C W5 Fa9 §
RS AT 4 Wk A S, M 3B Aol ele] 5] W= S Dol & e

EEEESERREY

TEANA AT = Be gold AA Fx= Yol 2 (borrowed) FE Ao AN L Fx 45
Z 017 mh Al &

27 A B E

2.1. CY C++3= v}o|H &3317] 13
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#define PY_SSIZE_T _CLEAN /* Make "s#" use Py_ssize_ t rather than int.

#include <Python.h>

*/

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

const char *s;
Py_ssize_t size;

ok = PyArg_ParseTuple(args, ""); /* No arguments */
/* Python call: f£() */
ok = PyArg_ParseTuple (args, "s", &s); /* A string */
/* Possible Python call: f('whoops!') */
ok = PyArg_ParseTuple(args, "lls", &k, &1, &s); /* Two longs and a string */
/* Possible Python call: f(1, 2, 'three') */
ok = PyArg_ParseTuple (args, " (ii)s#", &i, &3J, &s, &size);
/* A pair of ints and a string, whose size is also returned */
/* Possible Python call: f((1, 2), 'three') */
{
const char *file;
const char *mode = "r";
int bufsize = 0;
ok = PyArg_ParseTuple(args, "s|si", &file, &mode, &bufsize);
/* A string, and optionally another string and an integer */
/* Possible Python calls:
f('spam')
f('spam', 'w')
f('spam', 'wb', 100000) */
}
{
int left, top, right, bottom, h, v;
ok = PyArg_ParseTuple(args, " ((ii) (ii)) (ii)",
&left, &top, &right, &bottom, &h, &v);
/* A rectangle and a point */
/* Possible Python call:
£(((0, 0), (400, 300)), (10, 10)) */
}
{
Py_complex c;
ok = PyArg_ParseTuple(args, "D:myfunction", &c);
/* a complex, also providing a function name for errors */
/* Possible Python call: myfunction (1+235) */
}
14 Chapter 2. A2t = ¢lo] &3 wHE7]
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21.8 A I4-E 3t 7| = i) W

PyArg_ParseTupleAndKeywords () SF5e OS2 2ol AAF Y}:

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

arg®} format W] 7Y M= PyArg_ParseTuple () 2t S LYt kwdict v 7)) ¥ 4=+= 3}o]
oA Al A w7 AP E SAH °J‘: gAYt kwlist w7 A= w7 ¥ d
TALI NULL T8 55 AUT; o] 52 AFANN L 2HO R formar®] F BAH e} A gL Bw
PyArg_ParseTupleAndKeywords () = 22 ¥t3sl, 228X ko AR vtEsta 2 @3l

AU,

o, S o
e (2 e @

3 ANE QAT AE LT ST FES TEEAY - 95U TH knlisol e A1 9E 1A W
AGE A TypeErrorE WA A AU th
T}-2--& Geoff Philbrick (philbrick@hks.com) 2] A& 7|HlC 2 3}, 7| Y =& AR Sl+= oA RE Y YT

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

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

int voltage;

const char *state = "a stiff";

const char *action = "voom";

const char *type = "Norwegian Blue";

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

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

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

Py_RETURN_NONE;

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

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

(Th& sl AT ol A%)
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(o1 sl o] A A A%)

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

}

21.9 o9 & 75357

o] @4+ Pyhrg_ParseTuple () 9 W gtk thesh 2ol AP ch:

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

PyArg_ParseTuple () oA 1A= A3} FAFSE 29 &9 J S AAsHA gl A2H(FF9 &8 9]
Vo 212 841 Eh & 2 217} o L1o] 7 ghelofof BL1Eh 5hol €191 528 C B0l 4 281
A 5he A) sho] 1l 2] & whakgh o),
A= R AR QA7 FZ o] o] oF 814 vk (
yth, Py_Buildvalue () = 4 F
e P ol 9 FES WETh
) E 50

BA = B = B

)
o
%

PyArg_ParseTuple () 2] 3t 7} ] x}o] A
eV R e
Sheruck T £ o] & ol o] Eoh 0]
ULS W Nonew WEH U o}; 4 &H5] shite
ﬂadtﬁﬂgﬂﬁﬁhﬁkﬂﬂﬂ0ﬂ%1
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Py_Buildvalue ("") None
Py_Buildvalue ("i", 123) 123
Py_Buildvalue ("iii", 123, 456, 789) (123, 456, 789)
Py_BuildvValue ("s", "hello") 'hello'
Py_Buildvalue ("y", "hello") b'hello'
Py_Buildvalue("ss", "hello", "world") ('"hello', 'world')
Py_BuildvValue ("s#", "hello", 4) 'hell'
Py_BuildvValue ("y#", "hello", 4) b'hell'!
Py_Buildvalue(" () ") ()
Py_Buildvalue (" (i)", 123) (123,)
Py_BuildvValue (" (ii)", 123, 456) (123, 4506)
Py_Buildvalue (" (i,1i)", 123, 456) (123, 456)
Py_Buildvalue("[i,i]", 123, 456) [123, 456]
Py_Buildvalue ("{s:i,s:i}",

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

1, 2, 3, 4, 5, 6) (1, 2), (3, 4)), (5, 6))
2.1.10 X 34

CLECr 9 22 Aofoll A, ol Al W2l o] 54 Sew 8 A She A& =2 18w b g h C

A=, malloc () I free () T5E AFR3lo] o] 244 & 43 JHD} C++°ﬂ A&, A2 A newsl delete
=HAARo7 é‘%ﬂuli*}%ﬂfﬂ e FAnas =& Co 92 AT ASUTh

malloc() o2 sts 7 ﬂEﬂ%%&fmew%@Qaéﬂﬂ'%}@M£7Pﬁﬁﬂ g E2
%@Hﬂ#ﬂﬂﬂﬂﬂﬂfme0§§éﬁ Aol T8 ULE EEY F42E AAHH AT, free ()
Es&EA god g aWo F5E w7hA EZE A= w2 E AL = gFUTE o] AL
W 2 8] = (memory leak)2}al FrUTh WEHol, 22 73 0] EFo 3]l free() E EEd U ESS
A& AFEeE, thE malloc() &S 53 E5S AAE S vl o] AT YL o] AL SiAIE W2
ﬂﬁﬁdﬂmemmmmwﬂﬂ 4@zﬂﬂﬂﬂ%ﬁﬂﬂﬁgéiﬂ%ﬁﬂé%W%éﬂ%

Zo o — 30l Az, 2ER 23, v 2d @ 3
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HEE Fao g AJe FEE Fehu|A4AA A2YUTh & o, FFEvEY E5S
gdstar, of | AL 3 o, E52 A A S 5= AU th o)Al 4o th ek 8 AFgRo] W A 5 of
o] 27 #A = A4tel tisk AALE F718ta 47 2 7)o viE g 5 =& ) o] 27
gdE2& 53T u, 53 USol Zxo F712 v, @FEH B EES A= S Ao el 7] g5
Utk o8 e dd oA H 35 LA FAHA GF UL oy 222 AA &9 T2
FRAAT o] F Ao, h HF 9] HAl Al ade= g2 7Hd f R e 7 Qo A, 4 3t & A5
AbEete 28] AT = ZE2 A2 AT =7 dEbg U T whelA, o] S/ ol HE I Aol
A 3l 7 BAA] FEE o= Aol F8¥YTh

stol M malloc () I free () € Wol AME37] W 2oll, Wl 2 8] =5} A H W 2] AMS-& 3] oh= A
o] o3t A8 E S Fx 35 Al 7] (reference counting) 2t 31 T Th. W gl AUt BE
AA &= 72 E & 283Ut 7F-E = A A o ti st F 27t o d 7o) A2 uf F7betar, R 7F A2
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o] 443 Sl AbE 7H A 3717k floks AJ Utk AA7FCE A8 $28] o144 Y= A 7Hil A
FANE AT e AU Th 2w 7, -2l = FE Aok A Adokok & AdTh

ek d

|

2 £
>, o
=2 X
o r
of >
)
X ofo oft
Y
> DAy [ =
m]m N H-U [~
o 4 o
3 ﬁ% l‘N
_ rlo et
0 >
oom X
oo N
o=
L
ol
R
o |
Qb
rEl
Iyl
rlr
pas
or
pay
)
Y,
X
{0l
_1
=
>
ofo
ok
2

et
N

kel
o
S
< rr
)
2
ry
rlot -lj
W 0L
o ﬁ
é Z
My
riot
Lo,
N
zfy PN L ot

e 1
M
rlet
fifo
oy
N,
_?L
kl
o
it
2
]
ofo
ok
4>
30,
oy
<
i
Q
Q

i
2
M
id
My

r i
NN
&
S

o
2O, Y
i
Lz

A A o] a8} A8
ct () FHE AT
AA T FE9~ S HEF Y

o
i
N,
rlr

i N =
N
)
rlo

o -

=

2 syt — Al AR & A A (type object)oll Y= T ZRAEHE T3 T2 FUth o] HH(E 71EDH
< 9 ZE AA=E B AAlo s 2 E 23 U

o)A & AR o] g5t} AA| Py_INCREF (x) &} Py_DECREF (x) & AF23U 712 WA € 717 §o]E
274 EFUTH ol E AAE “AA(owns)”3HA] k5 UTEH | 2, AR o that FRE & (owna

reference)& 5 A5 U TE AA] Bx A5t oA o] AR B FEE 24T 22 ZY Pk B=
48 b B 3271 B23hA 92 Wl Py_DECREF () & TE 9 of YUtk Fxo] 450 FET 4
YEUTE 243 F22 ARSHE A 7HA Po] 95UTh A2, 44 L py_DECREF () £&. £F 8

B2 E ABSA B B T4,

AA o tf gt F2E W= (borrow)’ A= 753U th 22 9] o of 2} (borrower) += Py_DECREF () & $%&
A= UL At EE AFART H 28 AAE EFoAE FFUTh ARAVEARS £
18 F2E A A E vl 225 AFE T A o] oA Aoy g of Fuch.

FZ oG R u A7) o] HE FEE T3 75T RE AR FRE AT o7 vke
AUt — &, 4 A2 E AEIE 27] 5 Al £ I o] lsUth 273t 2ol nls)
Deje 2 gd, 2R 7)o 20l ZEXTL U E AFAVM AAZE FRE A RS T U
F27FAEE 5 e n B A3e] ok AYgyth
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Wel % Py_TNCREF () & BE010] 498 322 AT S ASUT. ol B2 E WL 2549
Adefol QL M)A A FHUT — AR e 45E AR EVET, A 254 AAL RA T T (o] A
LAY ol el Al 2§44 B2 2 2ul2 A A Raof guth

AA Fz7 e oz Adgd ujupeh, afdo] FEo oA AEH A 2FA G2 A= g5
F ol PA S AR AU
=]

o
A

Aol e F2E BBHE YRR Forr Fxe ¥ 2402 A2FUD =4,
PyLong_FromLong () |t} Py_ Bulld\/alue().‘l}é% MAANE BEE 7SS IR BEETSFE L
F2 2 ARl AR TE AA I AAZ A AR o Tl ek, ol 48] G AR o] ek A 2]
A2FdAS HEULh A& %01 PyLong FromLong () & &3] AHE5 &= 3k A S A8t A |
FEof thet HEE HBE 5 AU T

e AN AAE FEIE BE TAE B2 A £50E ALY, A
o] PyObject_GetAttrString(). 18%\% “‘ ZHA A A £ " o] ool wiEel 1
o] &3 A ¢HFUTh: PyTuple_GetlItem(), PyList_GetItem(), PyDict_GetItem() %
PyDict_GetItemString() < EF HFZ&, Z2E T gAY oA 9d FZ2E5 v3shyt}.

=
PyImport_ AddModule () 4% AA| = tgtsl= AAE BE ¢ AT LA F2E 9eghy}: 2

Aol h 3t 253 FZ7} sys.modulesol] A= o] Q7] wj&of 745 ).

AA FZE o2 4o X*‘”’““”H ANtH o g2, Sp e YRR RE 2 E WP UL —JF2E AF
ok py TNCRER () 8 AB80] 55l Af ol H e o] 7 Aol % o 588 o] S A
t}: PyTuple_ SetItem JJrPyLlst SetItem(). o] FFEL2AGH qE s 274 AT
— A S st H Bt (PyDict_SetTtem() 3 2 XJ%L < afrde FAA gyt —ols2 44
U Th)
C @47k shol ol 2 W, TEARFH & A e F22 APk T2 AA o) Bt
é‘ié 255817 fﬂ1*°ﬂ e 2 o9 7t iskd uj7h2 gyt olggh e e A%
AU A =5l oF & wj v Py_INCREF () & S&3t0] &7 22 ook gyt
stol oA TEH C ol A jiste AR 2 & Afd oo Pt — 4a/dL2 5ol &2t
= Agg
Alo] o
2 8 ua
A7) Fafs LA Fxo Ado] 2AE 42 5 & 2 A Aol AFULE o|AEL BT
F2Y 24471 F2E ARIES T4 g Az e A4 223 B0l AUt
7hd A Gotop & g F 2% A9 B AE FEo| U FRE D= T ARl Yl AA oA
Py_DECREF () & A3t A Y Uth ol & 591
void
bug (PyObject *1list)
{
PyObject *item = PyList_GetItem(list, 0);
PyList_SetItem(list, 1, PyLong_FromLong (0L));
PyObject_Print (item, stdout, 0); /* BUG! */
i
l*"‘““*zi list[0]o i3t F2E LA b, 1ist [1] S 0 E upR A, A 2o 2 el Jx &
A4 Ttk Tl Kol 2] 22 AW 1A E U TH
PyList_SetItem() © 29 Alo] 82 w7} BAth gAEE RE 2o 3t FRE AFaA,
TS DAL ok B 18 A ipore)hok FLITE, < U B 9] 48R B Sl ne
ArBsetn AAgoa, St __del () WAEE B ek o AR Ak o] Fex Axd

2o Fx 37t 1d o, ol & iﬁ'}fﬂ_del_ HA=E7EEEH Ytk
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vpol W o & A 7] WiEell, _del W = Y en I =5
bug () A itemo]l 3 F2E FE=Z o} e sPL 5 L7t 8
QAEA _del () WAZOIA A4~ sk 43 del 1
AR 9lom, o Aol sl AR ol o & vhA o Fxeka 7Hgshd
A itens FEZE Tl

A e 43 yH, s E W2 deuth: AR B2 SIeE s S0LE WA
Freded ZsUth

< g
ru
k1

~

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] A& AA) o oF7] T}, o A w7 2} Fho] Mol o] w12} W
v =7} Ao st o) £ °‘°M71HoHCT4HM°ﬂ/H A

=]
Zo] BAZF dE F WA A9t 2dset BaE WYYk Ay
A F HEskE A9 Fo] glojAl, gho]x Qe Z ElEiAO% Al s
F es5yth 28y, W2 E Py_BEGIN_ALLOW_THREADSE A2 3lo] o] 2 & AdA Ao g A5l
Py_END_ALLOW_THREADSE A}&35}o] ThA] &R & 4= Q5 YT}
7FEEH7E 7tk = S UE A ET ZEAAE AN
ol st T EAIZE As Yt

Rl

r}L )
m[o

m?L'

void
bug (PyObject *1list)
{
PyObject *item = PyList_GetItem(list, 0);
Py_BEGIN_ALLOW_THREADS
.some blocking I/O call...
Py_END_ALLOW_THREADS
PyObject_Print (item, stdout, 0); /* BUG! */

NULL £ <l¥]

AutH o g, A FZRE AAR H 3= T4 NULL ZAHE AT 202 7gehA] o, 187
St T ol & QT (v o] 59 Fo] G2 5 fddnh. AA %‘é% 11313 bﬁ“‘t UnkH o7
o &] 7} A 32 VEFW 7] 93 A T NULLS RESHEHU o NULL QIAHE AAFSHA] ¢ o] & dE ol
ZZ 2}A o] ke 7“xﬂa & ol Adshr fE 9y

“‘Ol HAgsta FEVhE = ﬂ?ﬂ APH

NULLQ 2= 01% ;9_15} Z7h A1 E wf “a27 o A NULLS HARSHE 2 o] E5UTH oS E9,malloc ()
oj i} o E LA Z = Q= Foll Al

U] = 2 Py_INCREF () & Py_DECREF () & NULL ZEE HAAsHA] g5 Ut — A e, 252 Wy
Py_XINCREF () £} Py_XDECREF () + &olgc}.

S AA B 7] S e Uﬂii(Pytype Check ())& NULL ZOHE 393HR Ut — oA,
o 2] ZIth st Foll thal AAE AAFsH7] Sl &8l A o= A S0k e HokA, 5
AAZE g Utk NULL HARS o W32 gl Th

C¥s AT C ool A2H AR F5 (o= args) o] Ao NULLC] obd& B4t
—AAEE R AL BT,

tredE 2utd 5 FAL AR o H T WAL FA5A Ptk ol A o8] & mEo)A] Be] WAF T
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NULL 2 Q1] & Sho] 2 AF Aol A “whA U4 A” s A2 41 2He ol 2 k.

Cre 8 RES 44T 5 dEUth Q8 A Ao 489 Urh el 22 1 (shold A Ze )
o) C BB e = WA v P25 W, A Qe Aol A A (satie) AANE AEF 2 gl
W9l =2 aeo] Crr At 2 2 DA P90l EAZLHA e Th shold Bz E s} 52D

C =] o}
FR (53], BE 2713} F) & extern "C"E A§ ] A of Atk extern "Cn (...} % 3}
oM Y LS FE Ze+ ¢YF5YUT—_ _cplusplus 7|37 AW (RE FH A C++ HILdH 7}
°] 7155 A FUrth olv o] FA& A& I ch

N
(hoXro
—
N
o
o
td
et
o
1o
ok
(@)
>
3
2
f
ok
N

Hr Lo
0= Lt ot

(B2 static& AA3R ¢k1), A A3
517 2 5 o] 3FA) ulo| A QB = E]Eig,].xqzq o7
22 ARSI, S REO AYH 7|57t oE
29 AA o whek hg Ut o | A awl e
Mg B W (] & o] A=), ThE
© 8 278 AY (AIX7} 3hte] o Y Th,
7127t A9 AR HolHets, &6 =

o p% S AL e 5

o
pay
rlo
A
4o
2
_>‘J_Al
et o
i
s
<
&
r
N
1%
+
]
D
ox
ok
k1

o
oF,
o
<
R
>,
>
o
>
rlo
ko
il

fo

L.
2= Zﬂ%% 57__, C
s

ALY
o
[
4

1

o >
2
oot

ofl rlo

ri

051, i
A >

2
o
v
o
Y do M 2 X Jo
-

Lo R e

;eg o
r

o
2,

o flfo
pa

o

Sy

it

we}A] ol 4 ol 715 A ol Bha) 74
352 9BnA, BES 2718 F4E A D
BRI EREE SR BEEE R
A 22 S oft B /] B8 ThE Ao

oty &

Ytk o] A& th2 2 BEHRY o5
715E statlc_i A A3 o &
o). g1l o]+ thE FF R E ) A

»
|
1o o
td

,_,
=
X
M
of,
i)
Y i

ot

o
1o
=)
1%
<
kY

shol 2 o 3% BEel A e 33

RERCHE AL (EAE S AL SR A AUZS AT
o 7§E(Capsule) A4S ZOolH (void *)E A RA3lE slo| A HolHI YU} &2 C APIE
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modulename.attributename
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SRR S AR o ZEol T 60 9192 BES JEE SIACAP EAHE Aok
222 A F2IFUtH Seto|AdE BEL CAPIY AN A3 Hof o] i 22 E 23177 8H FUTh
ok of| &] spam &S T8 A YUth spa. system () e CetolBy g
ﬂ—r system()% AP ZE A= S, AAZE Y BRI S =t ZEHE °ﬂ “Spam”

) PySpam_System () &4+E &34t} o] &4 pySpam_System() & T2

(

o

o4 PySpam_System () 2 BT C FolH, g BE A 2ol statico® AAH A5 YT

static int
PySpam_System(const char *command)
{

return system(command) ;

rlr

A& AR YT

spam_system () S5

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

const char *command;

int sts;

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

sts = PySpam_System (command) ;

return PyLong_FromLong (sts);

BEO AIZ HEo A, T & vhE Tl

#include <Python.h>

2 % 22T Zo ok gtk

#define SPAM _MODULE
#include "spammodule.h"

§definee 3 shele] FetollE RE o] obd UH U BEC] EFL Dl vl AR ek v}
o w, o] 27]3h %ot C APl E <l E] u] AL 27|34 of ik

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;

(Th& sl AT ol AS)
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return m;

PySpam_APIt statico @ AAF YT 282 2o pyInit_spam() ©] TF5 T uf] £ E a o]

Arebgl U T
ZE R EL F Y 9Y spammodule.hol 9o, t}2-3} 25Ut}

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

#endif

/* Header file for spammodule */

/* C API functions */

#define PySpam_System NUM 0

#define PySpam_System RETURN int

#define PySpam_System PROTO (const char *command)

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

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

static PySpam_System_RETURN PySpam_System PySpam_System_ PROTO;

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

static void **PySpam_ API;

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

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

static int

import_spam(void)

{

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

}

#endif

#ifdef ___cplusplus
}
#endif

#endif /* !defined(Py_SPAMMODULE_H) */

PySpan_System () @40l AA|2317] 913] Seho] A= BmE o] ok T AL 2713} Fool A B (A4

22517 =
|3 2) import_spam () & TE3= Zlo] AR AUk
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PyMODINIT_FUNC
PyInit_client (void)
{

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] ol 22 AL 39 spammodule.h7} tha BAsithE AUt ae, 7B FxrE YR Y
Fobet 2ol A, & Wl ok g .

Ao 2 Heg2 F71 75 AFetH, 53] Agol AFH 2AE Y W2 3} S Ao F§
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Far: 7)o A S A2 A A (staric) FFH S Ao sh= A5H A P Ut 2] S50
A3l oF Yt C API= B‘E?} PyType_ FromSpeC() T4E AMES § 22 FAI S Y T ¢
AF U THE, o] AFA ol A= thEA] ek5 U Th

#define PY_SSIZE_T_CLEAN
#include <Python.h>

typedef struct {

PyObject_HEAD

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

static PyTypeObject CustomType = {
PyVarObject_HEAD_INIT (NULL, O)
.tp_name = "custom.Custom",
.tp_doc = "Custom objects",

(Th& sl AT ol AS)
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.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(wvoid)
{
PyObject *m;
if (PyType_Ready (&CustomType) < 0)
return NULL;

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

Py_INCREF (&CustomType) ;

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

return m;

o] A= g Woll wi ¢l oF & 2l o] WA T, o] W FI} nl e Kol 715 wigth o] kL2 Al 7t E A
Ytk

1. Custom A o] £H A: CustomObject FZ A o]H, Z+ custom AAEHAupr} 8F H A ghrtH

.

2. Custom g¢] 25 W4 CustomType FEA o] M, 574 A4to] 83 F uff A Z 28 7} AASh+=
Zefael g 2 AE JTES HoFh

1= PyInit_custom &2} &3 custommodule +ZA Y th

(

AR A2

typedef struct {
PyObject_HEAD
} CustomObject;

(]

121 0] Custom 2} Ao 32 ZAYUth Pyobject _HEADE ZH A F2A Q) A& BEo] Aegoz
L= Aoy, PyObject e ob_basea}t B Aoste, § Ao thet £AE| 9} =2 45 X
FAUTH (] AEL 47 W2 E Py_TYPEY} Py _REFCNT S AH-g-5}o] °“Aﬂ/\ g5 A .

uﬁﬁiﬂ O]‘rrL %) (layout) & F4F3}3t31 Ty L W= oA 7L D=5 EA3}8H7] 98 APt

F3l: PyObject HEAD WA R H o= AlmZE°] gisUth A2 F7hsh= 2o 2ot e: 47
Astdel s 29T A4

=5, A4 A o2 2F PyObject _HEAD W& 8o F7HH O HE AR FULE A€ €9, £F

so] 4 floats ol T 8 4 ] = TF-S- 3 25 o}
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typedef struct {
PyObject_HEAD
double ob_fval;
} PyFloatObject;

= ) AL 8 A9 Hel g,

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

bi

23 A 22 9= EEPyTypeObject EE UIG3R da1 D=2 A

12k o] C99 2Bt o] A ¥ (designated) & 7|3} AHE AHE- St 2l o] E5 Y

e

object.hol] Y+=PyTypeObjectd] AA Foj= 2o FojRtio B2 A & 24yt YA F=+=
C Aol 31002 ALAW, BesA 2how BAA0 2 A AeHA gt A0 I

sao] @ =N w2 oy 1 Fch

’ PyVarObject_HEAD_INIT (NULL, 0)

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

’.tp_name = "custom.Custom",

72 FY ol F. o] AL A9 7| & HAE HHI AF o wA A o] YEbEUT ol & S01:

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

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

o] g0 BE 0|27 RE Y § o] EL BT ZPFE FOR TR oS Yol HFHAL. o] FS
EEL customo] 1l & customo|BtA], & o] &2 custom.Custom® E A AT} o] pydoc
pickle REV} SRR =2 o0 44 Aoz PRY JLE J2E AT 2o FLFUTh
.tp_basicsize = sizeof (CustomObject),

.tp_itemsize = O,

O] A2 NMZ- Custom A~HAE
tp_itemsizex= 7bH 3 7] A A ol A}

Z3: shol Mol A §L A A &4 9712 Aoka, Wo| Wo| AW 2L tp basicsizeD AT
Oz el 2AF 92 £ bases_ o o] §< WA Ao}
o 284 2o oe] glol W new () WAEE 52T 5 stk Fo| Mo AR
tp_basicsize $S ZEE 3lo] o] ZAAL 9T 4 Ut} tiEe] 49, o] AL A= W=
St Wl o] 28 o] object o] AL}, 1A koW Wl o] Aol Bl o] WHE E7heke] A7) E Y]
o) £ <]y o,

o oy
°

Sl
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15 py_TPFLAGS_DEFAULTE A At}
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.tp_flags = Py_TPFLAGS_DEFAULT,

) S5 R E ol ZFA G Aol el 3714 218 R AR TYAI,

AA A3< 75 3tA W, tp_new A 2] 71 & Al F3 oF Itk o] A Tho] M WA= __new_ ()&}
FS5oA M A H o7 A A o ). o] A=, APl $H PyType_GenericNew () o A A &3F=
AR PR T AT 5 5T

.tp_new = PyType_GenericNew,

PyInit_custom() 9] &7 =L A9Jstal, std e th& EE W-&2 g 5dlof

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

o] 212 Custom @<= 27|88k, A5l NULLE A3 ob_types E33H0], of2] S A H 3%
Z|ege s AUk

Py_INCREF (&CustomType) ;

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

o] AL S RE YA g o] 718Utk Custom FHAE T8 Custom JIAEAS S £ JYEE

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

oA AR JULH Foldd &= A2 A=sl= ZAYUth 919 ZTEE custom.cEhe F ol Y1

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

£ setup.pydte 90 ¥ & 5=

$ python setup.py build

AoA J=E3td AE tAE 2o 3t custom.soE BN oF UL P U E = o] 53to] 3o
WS A ZASHA A 2 — import custom & 4 911 Custom AR 2 = 4 Y5t

IEA AP A st 18R ez

22,917 Custom 82 12 S0 87 @b ch HlolEl 7k 93 obE A E 44 Sh4uith A B Se) 4 xR
& sy ch

e o] AWAECFHFS NERY] AR EF distutils LES Hol AW, A AL§ Aellof A
MFILFA #el 72 B setuptools Bhol He el 8 AHS3HE Zlo] B4 Uth o A4S FAshE P
Oe B A o EA] WL Lol AT so) 8 o714 ALE AL A5 A IA 2 % DT
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222 7]z ol Aol HlolEl g} vl A = F7}5}7]

Yo Hs MAEE FAFEE /1% o AS S BAE FL Wols FALRE AT 5 =S
FATh B 7158 2718k A 2 F custom2 ¥E AU

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

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

} CustomObject;

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

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

CustomObject *self;

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

self->first = PyUnicode_FromString("");

if (self->first == NULL) {

Py_DECREF (self);
return NULL;

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

}
return (PyObject *) self;

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

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

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

(Th& sl A ol A%)
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if (last) {
tmp = self->last;
Py_INCREF (last);
self->last = last;
Py_XDECREF (tmp) ;

}

return 0O;

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

static PyObject *
Custom_name (CustomObject *self, PyObject *Py_UNUSED (ignored))
{
if (self->first == NULL) {
PyErr_SetString (PyExc_AttributeError, "first");
return NULL;
}
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 = {
PyVarObject_HEAD_INIT (NULL, O)
.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
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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] A BEo|: o] 7}x] WA AFae] J5 Ut

PR
23} 7+ 27} 2 8 (include) < 7135 U th:

#include <structmember.h>

o) e FEol A AN ol EHEE Akt o] AS S HAS ATTUDH
Custom @2 o)A C FEZA| 9 first, last D number2] A 7}X] g o] o] E B HE7} JdF5 YT} firsts} last
EscAsdUT

Wt o] 27 4L ek 3ol EAA U T number o] E 2] 5
o
=3

AR FEA L e 2ol AAFUth:

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

} CustomObiject;

o)A B2l e vl ol el 7} Q7] wl&ol, AR Skt @ s Alo] Bal H AFa ok G H o, B
a4l vl A =7k 2 2 ok

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

& tp_dealloc WH ol thYFUrh:

.tp_dealloc = (destructor) Custom_dealloc,

N

ol JMELE WA F Folx AEGFES IFX 34E AFUYLE Py _XDECREF () & UAA7F NULLSI
4% (tp_new7} T 7ol Asfstd TP 4 S AFYUHE EntaA AgdUch 218 o3 42 3
(Py_TYPE (self) & A4 Yth 9 tp_free WHE T E3to] A9 WEE —ﬂxlf;w . AA
o] customType©] obd 4= QLo Fol A2, AA= AH 29 Ad2d2d 5 Q7| df &I Yt

Z+31: customObject * QAAE HFEE Custom_deallocd ALY AR tp_dealloc T4 ZEH
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£ PyObject * JALE g Z 02 7|th5}7] wfFoll $]9] destructorZ29] WA H HAETFZ Q3
th 2gx god, A YA A st HAFUCH o] Ao] CZ 3= AA A3 chd A U TH

Fele 4 olgol Rl FALE 27]3H =5 st A oA, tp_new 7d& Al 3 th

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

CustomObject *self;

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

self->first = PyUnicode_FromString("");

if (self->first == NULL) {

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

23 7S tp_new WH o At

.tp_new = Custom_new,

tp_new A2 7= @9 AAE (2713 vl sto]) A st= A ds JUth FFololA __new_ ()
HAMER = EFUrth tp_new AW E 2394% Ao+ glon, A2 we 242 919 custon 63.4 2
WA B Ao A 28 PyType_GenericNew () & AAFL 371wk Uty A 2L, tp new A2 7] S A&3}
o first?} last o EE]HEE NULLO] 0}1/1 7]£7¥0§ %713k o}

tp_news SAIAEA 3 HE Y AE ZPaTAd2E A ﬂﬂ H, BFE Al CustomTyped T8+ %5
Utha o] 322 u] Agd 2E Az Ads o, “J—Oi A AA~EAE WSE Aoz 7]‘41%145}
tp_new A 8] 7] & FA J A} 71 HE AAE WotE oA g FF AAE F A A2 A B E 2713}

(CY tp_inity 3ol ® e __init_ ) WA= A FAFYTH

Fa: Az B 7 A & A0lehA, tp_newe HAIACZ tp_initE &5 ¢ HU T

tp_new 72 tp_alloc EX%& T &3t R & 3t

self = (CustomObject *) type->tp_alloc(type, 0);
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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, "|00Oi", kwlist,
sfirst, &last,
&self->number))
return -1;

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

}

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

}

return 0;

oL Z tp_init €X& AFYth

.tp_init = (initproc) Custom_init,
tp_init €% Fo|MeA _init_ () FINERE =EF Ut AA7 SR & 27|35 6= T
AER UG 273 AR 94 909 719 QA ol S o v AT Al 0 Ei- o 2] A] 12 W of
Sk,
tp_new A 2] 7|9t &8, tp_init7} obe]]l EEHA &S T = AFUTH (& S0, pickle BEL 7]
BEARog 9 aFHJAEH2A init ()EZEsHA gsUrh. A8 H 252 o5 dsUth
2 92 AAe _inic_ O MASE T2 S ALY ol olf2, Al JESHE e YT
w) = Zha e 2ol s of gk of B S0) first WHE 043} 2ol dAa T & 5 Az
if (first) |

Py_XDECREF (self->first);

Py_INCREF (first);

self->first = first;
i
A T o] AL AP 92 WL £irst W) S A DA ol, BE F59) AR 2 5 9
ST First WHjol A2 e 2 ARG 20k AdE 5 o JMXW} 92 5 g Tk EE
S}3] A7k A9 SlE el 22 S A the A oA ARle] A A5 5 s 99 e}

570 531 o] H5 OB RE $e] ANE HEH] A3, Pelt AL B B2 AFE S0l
Aol e 2 chal S Th QA o FA B ghols B7haz

« BE Q5 HIET AT 2S B 23 9L )
» AR GG AAGLE AASAE 91 GO LES thA] EHFAE FSL SIS
¢ €8 7A $AS LA Gt F9 tp_dealloc AN B2 A5 E BN W

HE5asyA g2 rIEgote A ¢ e FAUth
AgatA] 7] wl&el, o] el Al A £ tp_dealloc A2 7]A o] A& A AF U T
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static PyMemberDef Custom_members|[] = {
{"first", T_OBJECT_EX, offsetof (CustomObject, first), O,
"first name"},
{"last", T_OBJECT_EX, offsetof (CustomObject, last), O,
"last name"},
{"number", T_INT, offsetof (CustomObject, number), O,
"custom number"},
{NULL} /* Sentinel */

bi

183 tp_members £l A E dH5 U

.tp_members = Custom_members,

o] HZHY Tt sto]d o] EFRE AT 5 = AA 9 @gxﬂf‘i%“%ﬂé% AlEstA] ethe
AUt ol R A2 EALEY 2102 7[HstA v, BE Sto]H AAE EFE + 5T =T o E
B HEES AT ¢+ JdH U C 28 E NULLE AAFYth NULLe] o}d Fto g W E 273 & ¢
UA T, AERREES A6t WS NULLE AT 5 st

o5 AZ ol B AA o] 522 EY et Y WA E Custom.name () & B FTh

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

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

oY HEE Custom(thustom AqHE %aﬂﬁ) A2HAE A AA JAAZ Hol=C T+ = ?‘@%‘/]Dk
EE 5T AAA 7N E AA= HshA

EdxR MR E Teted 48 muHE‘r-

_4

Aol L ob 7 AT 514 rolA 92 QA BBl 719
o] WA EE Tk} 2e shol A M =9} 55 gLtk

£

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

£irsto} last WHZENULLY AP A S BAdof gol foS4IA . AAT 5 9] A2, ol
NOLLE ARG YT o) oj e FEe) AAE WA s JE LR E g 2R At Al
F5UT ohe AAoNA o] 2 25 PSR AL

)

oA A EE A BEUTH A E e DS S o] of Ttk

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

bi
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($ 2]+ METH_NOARGS &2} L& AME-3lo] WX =7} self o] €] 9] QJAE 7| thaHA] &3S YER Sl
A A L)

J2]3 tp_methods €5 A g &Y ch:

’.tp_methods = Custom_methods,

R Eko 2, 2o P& A B Fedo wlo]A FejAaR AT 5
RSO A ALk A4 F 3 9= AR Fol s AHY S SHA @=
T A Fda 22 Aol py_TPFLAGS_BASETYPES £7}517] vk b H Yt}

’.tp_flags = Py_TPFLAGS_DEFAULT | Py_TPFLAGS_BASETYPE,

PyInit_custom()9 ©]&& PyInit_custom? () & B} 11, PyModuleDef FX A oA B E o] &L
74418t al, PyTypeObject FRA| A AA| S 2 o] 52 7417 Th

A Ete 2 A 55 W E3HY] 98 setup.py LS BAFUTH

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

1)

2.2.3 golE] o] ERHEE t] AW3}A A|o)3}7)

o] A Mo A, Custom A A9 A £irst S last of ERHEF B = PAL o LA Ao FUth
o8 WA BEAAE, AAEA WS first 9 last B BAG0] o g2 AASAY AR T S
& Utk o ol E el HE S 4 EA G P S 53 A& ok

#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->1last);
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;

(Th& sl AT ol AS)
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self->last = PyUnicode_FromString("");
if (self->last == NULL) {
Py_DECREF (self);
return NULL;
}
self->number = 0;

3
return (PyObject *) self;

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

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

return -1;

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

}

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

}

return 0O;

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

bi

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

Py_INCREF (self->first);

return self->first;

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

PyObject *tmp;

if (value == NULL) {

return -1;
}
if (!PyUnicode_Check (value)) {
PyErr_SetString (PyExc_TypeError,
"The first attribute value must be a string");

return -1;

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

(Th& sl AT ol AS)
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3

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

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

Py_INCREF (self->1last);

return self->last;

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

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

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

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

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

static PyTypeObject CustomType = {
PyVarObject_HEAD_INIT (NULL, O)

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

(Th& sl AT ol AS)
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;

.tp_itemsize = 0,
.tp_flags = Py_TPFLAGS_DEFAULT | Py_TPFLAGS_BASETYPE,
.tp_new = Custom_new,

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

.tp_methods = Custom_methods,
.tp_getset = Custom_getsetters,
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;

first®}last OJEZHES H B H o2 A ofst7] 6, AH8- A A 2 7 H (getter) 2k M| B (setter) &<+&
AR FUTH first O ERES 7MA e AAstE e et 2eUth

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

Py_INCREF (self->first);

return self->first;

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

(TF= ol Aol A
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tmp = self->first;
Py_INCREF (value);
self->first = value;
Py_DECREF (tmp) ;
return 0;

A€ (getter) ol = Custom A A 2} “F Z A (closure)” (void Z QAN E]) 7} AEH 19, 2 2R =
7 /\]9 Ytk (FE2 A+ A9 bl o] Bl 7} Al (getter) 2F Al E] (setter) & A= = 113 AHEH S Z] ] g o}
& 50, ZEA dolg ol 7[Htele] 7TAH LAY AAZE AEGREE AASE= TY A H (getter) &+
A€ (setter) &= A TS 7Hs3HA FUth)

HE) (setter) B0l = Custon A, A gt 8 F2A (closure) 7} AL FH o A @& nuLLd £ 910 v,
o] AL ol E g]};il_Eﬂ./ﬂ-xﬂQ]/]I;]— Al E (setter) ol A, %2l = o] E B R E7} 4t
b ™ e & YA AT

PyGetSetDef F+Z A9 wjgL vH5U}:

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

283 tp_getset €F SEFYh:

.tp_getset = Custom_getsetters,

PyGetSetDef 7279 vpx| 2t F5-2 Aol A AFF“Z2A"YUL) o] F¢, FEAE AHE A ol
A, NULLEF Agg ).

w3 o)) g o E¢l Bl that W S AAG T

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

bi

EE EAGH ADHEE p_init A7) S A oF FUT}:

[l

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

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

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

self->first = first;
(TH S oA ol A%
328 oAl first9} last W7 BRI Dol gt AL A YoM, FR AFE Zoletl € 9T £ JA W, S8 EAE
NE 220 QARAES PolS YT Aut 2D L BT SAGE Ao] 2l AAE v T2 AL A, 24D AB

o}
Y dadaE G SASE Aol AAR oA ZEH A vt BT S Yleunh
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Py_DECREF (tmp) ;

}

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

return O;

o2 M AL E4), first 2 last WH 7} Ah NULLo] of gl FAIE = glo A, AL BE L
NULL & HAAFE A AT 4= d5Uth o2 g+ ECREF () $%©°] Py_DECREF () 3 & &

o
A3 F4 = tp_dealloc Fa oA <ld],

WHD 5 AL gu P ol B EEL WAL ¢ e 7
to_newol A o Wi o] 27187t A YL 7HsA o] Y& e

w ot o A3} R AA R, 2718 Pol A BE 2713 49 BE 0§ WP, setup.py e
S CE2 /s S|

2.2.4 +3} 7In) A A R Y3}7]

sholmole Fx 047100 opd vl BBRF A S AW 5 9le <3 A £77] (GO A%
Utk ol AL AR 7L 2ol G T ) Lol 5 A5yTh ol Sol, T RHFAA L

>>> 1 = []

>>> 1.append(1l)

>>> del 1

o) del A, AN L EFeE B 2EE BEUTE A E o del A Fx7 AUtk F2 A%57H0
o7 ol 7] dsUth P AHA L, oMo 2 7HR| A A 7= A= g2 E 7} 7H] A 1:% 2l
3k S Al g ok

Custom oA 9] 7= WA HANAN =, BE FFY AAE first} last OJERE AZT 5 AAS
Yo, Atz Ak Al A w - A, Customg A H zaw T4 AW, HE FeAE gl
B REE F71 4 AFUTE o £ 74 o]f F ol= AL R T, Custon Al 3ol FT £

Utk

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

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

T2 GC7F R &3 7104 3= Custom Q&
FAL FHEES AL olB A £ FE A EE S E FAsE) oF gt

#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;

(TF ol Aol A

YE o EFRES EAD dadar AE Ao, ARAL Qo) str AH ZHAAE ADE S Yol o He B2
<38 us £ Q5
TO= JU=E T oMHE
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static int
Custom_traverse (CustomObject *self,
{

Py_VISIT (self->first);

Py_VISIT (self->last);

return O;

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

static void

Custom_dealloc (CustomObject *self)

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

static PyObject *
Custom_new (PyTypeObject *type,
{

CustomObject *self;

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

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

}
self->number = 0;
3
return (PyObject *) self;

static int
Custom_init (CustomObject *self,

{

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) H{
tmp = self->first;

Py_INCREF (first);
self->first first;
Py_DECREF (tmp) ;

visitproc visit,

PyObject *args,

PyUnicode_FromString ("");

PyObject *args,

void *arg)

self);

PyObject *kwds)

0);

PyObject *kwds)

(Th& sl AT ol AS)
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}
if (last) |

tmp self->last;
Py_INCREF (last);
self->1last last;

Py_DECREF (tmp) ;

}

return 0;

static PyMemberDef Custom_members]]
offsetof (CustomObject,

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

bi

static PyObject *

Custom_getfirst (CustomObject *self,

{
Py_INCREF (self->first);
return self->first;

static int

Custom_setfirst (CustomObject *self,

{

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

}

if (!PyUnicode_Check (value)) {

= A

number), O,

void *closure)

PyObject *value, wvoid *closure)

"Cannot delete the first attribute");

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

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

value;

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);

(Th& sl AT ol AS)
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Py_CLEAR(self->last);
self->last = value;

return 0;
3
static PyGetSetDef Custom_getsetters[] = {
{"first", (getter) Custom_getfirst, (setter) Custom_setfirst,
"first name", NULL},
{"last", (getter) Custom_getlast, (setter) Custom_setlast,

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

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

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

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

bi

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

.tp_init = (initproc) Custom_init,

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

.tp_methods = Custom_methods,
.tp_getset = Custom_getsetters,
bi

static PyModuleDef custommodule = {
PyModuleDef_ HEAD_INIT,

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

bi

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

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

(Th& sl AT ol AS)
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Py_INCREF (&CustomType) ;

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

return m;

2o Ut

oY
ok

i)

R ERE LR

o

i

A, & (traversal) WA == =3 GC7}

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

return O;

-~

Tl FAg 5 A= Z} AB 7“Xﬂ°ﬂ EHOH A Uﬂ/ﬂ of A% & visit () f?: —2— T & oF FUth
5 }

SES A58 Py _VvISIT() WAZZE Aw @YUtk Py_VISIT() & AMS3HH,
Custom_traverse©o|A] #&F ¢S H A3 = JdF5 Ut

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

Py _VISIT(self->first);

Py_VISIT (self->last);

return 0;

Z3: Py _VISIT() S A28 tp_traverse A AR} o] &-& visitT} argE A &3} A 2] A ) oF
o

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

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

ol o] Yol o E

Py_ CLEAR A2 ARGl FHAHA 2. FE AFTEE 2]
o]E ] H E oA Py_XDECREF () & thAl

()
AR 1 A s ¥ ) NULLE A A 3}7] Aol
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AEUTH

N

3 g3 Zo] A4d3te] py_CLEAR() & o[ Ed o] AT 4= JdH5Uth:

PyObject *tmp;

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

Y E, o =) R ES A ©f $4py_CLEAR () AHEEH71 7L A4 A3 o# 7L A5 Ay
3] 43 A AL A A8 A LA vH A 2

o

e
rlo o 4>

o Al 7] Custom_dealloc A ERRES A2 w] 499 I=2 32T 5 s Uh o+
WollX <2 GC7HEE A E = A= -4”]“‘43]' GC+ = 371 00] by gtar 7k 817 wf 2o,
HE Z]—rﬂ Aol PyObject_GC_UnTrack () & E&3to] GCol A A& F4 & Al 3l oF Tt} th=
PyObject_GC_UnTrack () I Custom_clearE AFESlo] ThA] 28 H &3 A 71 Y t}:

]

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

ulzx] 9o 2 py TPFLAGS_HAVE_GC ZH 1 E Zd 2 Za 1o 71}

.tp_flags = Py_TPFLAGS_DEFAULT | Py_TPFLAGS_BASETYPE | Py_TPFLAGS_HAVE_GC,

A o s UTH AFEA A9 tp_alloco |t tp_free A 27| & AP H, &2 7] A A E 95l
ol FAs ot RS gL AFo® AlFH HAS A EY T/}-

225 T} o] AH e A

71E QoA HE A 2P 2 BE + 9FUch o] DLW PyTypeobiect & A7 AHEE 5 9)
o A, AR oA 451717 71 A5 U T B4 LE 7ol o) e} 8 PyTypeobiect T2 AE 5H37]

ofel e 4 Q% Ut

of el M= W 1list & 538 subLlist P& URUTh 2L J2 AN B LELL A3 28
= A h WE 7FEHE S7HA 7= 71 1ncrement() A =7 95yt

>>> 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;

(Th& sl AT ol AS)
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static PyObject *
SubList_increment (SubListObject *self, PyObject *unused)
{

self->state++;

return Pylong_FromLong (self->state);

I3

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 = {
PyVarObject_HEAD_INIT (NULL, O)

.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;

(Th& sl AT ol AS)
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HAITHA 3], 422 TEE o] 449 custon A S FAFUTE $ele TE Abole] 8 Aol 42
248 AdYrh

typedef struct {
PyListObject list;
int state;

} SubListObject;

oA A F2 2ol HL2 wlo) A AA F2A7F A AA gholojof Tt AYUth HlojAag 2
oju] LAY A& KEof PyObject _HEAD (>%§a EigiaR =

glo] W AA| 7} subList AAEHAL wf, PyObject * QB = PyListObject *2} SubListObject
*Uciﬂﬂ4ﬂﬂAa9AmAqq

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;

oA Hlo]2de] _ init_ WAEE ZEISFE=UHIS E
o] AL AH&-A} A9 tp_new} tp_dealloc WHE s
= AAZ tp_allocg AHE3H] A9 W RS WHER T

o) H el =2 o of It}

PyTypeObject XA+ Fo F74 H o] % 25 A Q3= tp_baseE AP ULE T2 ZHE
Aty AR A3, pyList_Typed st F2 2 G F= & A H AL 5 gsUth Usod BE

278} Fr4oll A 4 2 al of 1 o

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

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

Py_INCREF (&SubListType) ;

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

return m;

PyType_Ready () & E&317] Aeofl, & F+x2a)|9 tp_ bas <50
’%‘@EH,PyType_GenericNew()itp allocEE &A=

&g o,

I thE, PyType_Ready () & S&3}11

AAA QlojoF Fuith 71 & §2 5t
QT ol 2 g BT F47}

o
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2 Eo| F75He
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N

3

tlo J>

o]
o}

2P A elstr]: o7 7hA] A1

14 T 5 A g F viA=et 22 o] st Aol thsl] Rl E7E AlFst7] A Ad YT
S I A=A T ALEE = 8 =7 A= PyTypeObiect 9] Zo Juth:

typedef struct _typeobject {

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

/* Methods to implement standard operations */

destructor tp_dealloc;

Py_ssize_t tp_vectorcall_ offset;

getattrfunc tp_getattr;

setattrfunc tp_setattr;

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

reprfunc tp_repr;

/* Method suites for standard classes */

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

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

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

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

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

const char *tp_doc; /* Documentation string */

/* 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;

(B sl ol Aol A1)
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struct PyGetSetDef *tp_getset;

struct _typeobject *tp_base;

PyObject *tp_dict;

descrgetfunc tp_descr_get;

descrsetfunc tp_descr_set;

Py_ssize_t tp_dictoffset;

initproc tp_init;

allocfunc tp_alloc;

newfunc tp_new;

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

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

PyObject *tp_subclasses;

PyObject *tp_weaklist;

destructor tp_del;

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

destructor tp_finalize;

} PyTypeObject;

oAl FIAE 7} o} B UTh UT AR5 mhA e - B sl Pol Yo, of F AR 7RG
7hs Aol S 5 T

obut 2| G 74 o gel, o
B=o) £40) AT oA we 372 Aol sloiA), A old EArl2 AW ¢
o BeGBES G NAE 2 T A Fo 2A g WAHAAEE AR Uk

—

Zlol tief Ao B ohggk A 2] 7)o tha ApA g JHE Al Ad YT
r= 294

const char *tp_name; /* For printing */

G2l o] & — ol oA AFWFol, o AL o Rol A vhehhdl, A9 QY BAAU 1%

Aol £ g0l BEHE AL AHslAA 2!

= v

’Py_ssize_t tp_basicsize, tp_itemsize; /* For allocation */

o] A= o] o A AA 7}t thEojd uff DL R ge Aol L F Utk sfojd2 7hH Ao
TEAAA L AL, FE) ol e A dS st =T, ol tp_itemsize BEZF F I
o A2 Us el tE AUt

const char *tp_doc;

719 ol SAYET oby._doc_ &Aool SAEYE A W VAT AL (EE £HL)
F4)8 925 A&k

oA 7% § WA =0 sl A B AL Ukt Bggel AT A AU
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2.3.1 zlo]d ] A| o] A3} gt sl A

’destructor tp_dealloc;

o] ot P AARAY FE AFA002 FEX o] A A zelE A TS A BEHA T
ol SZH U oleEel Fol AT WE el 7} gAY SAT A e Rl 2Heo] o, o7l Y+
Utk AA AR E o) 714 A ok FU T o F49] o= T3} 2T

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

A Fro] 2T T AY F U AR S A E IHE A TOi of gtk A Yyt
AElZ e 7} sto] W 28& H A2 wf 9 s|A 7|7t A5 TEH 7] wj ol S Fh 28 o] (B4
A Q1 Whgho] opd) o 9] = Qlef H #4 uf, & oHXﬂ7l7} ol 2] 7} ©] 1&%75@0% Aees T J=T o=
AL oM AR £YE A FFUth Z7 A7 A F7L sto) W FEFAYE F YEF S
F7t A A7 AARHAETE FAT F AsUTh ol dHZYH M EF =S T 5T
o] & WA St SvkE WL A A R 2AE FH Y] Dol AF TA NS AGsty duEHA
EA3h= ZAJYth pyErr_Fetch () 8 PyErr_Restore () ¥4E A3l 38 £ QlH Yt

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);

—~

Far: Fg A el A FASA A 4 e A ell= A el AFUT WA, Fo] A =AE
A Y3HH (tp_traverse U]/“:—‘:tp clearE /\]-3‘6]]/\1) tp_dealloc 0] TSI o AF o 4R Ué]‘ﬂﬂ'

A A7} shol ekl = 8 4 QgL £, tp_deallocoll ), AA & R Aol A%
B2 05740 LIt (919 ol o] A 2 o]) A4 34 92 AA L APIE 5251 tp_deallocd ThA
27 H o], o) % A S FE o AT 4 ATk

shol 4l 34RE| L, tp_dealloco] Bite stoldelAlold =& YA 21, A 2L tp_finalize
Y A =2 AR EE= Aol 25U T
o ®7):
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reprfunc tp_repr;
reprfunc tp_str;
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static PyObject *
newdatatype_repr (newdatatypeobject * obj)
{
return PyUnicode_FromFormat ("Repr-ified_newdatatype{{size:%d}}",
obj—->obj_UnderlyingDatatypePtr->size);
}

tp_repr A2 7|7} AR A gowd, Az HE 9 tp_named AA| 2] 17 AE 7S AL
238 Awct

tp_str A8 7]+ str () ol tigk Zolar, oA AHstp_ repr 2%‘47]9} repr () 7H9 7*7119} e
AA QUL &, gl :’E7Pz‘1‘iﬂ?4 A2rE2A str() & ZET Eg%‘%‘:‘r 3
St ot w9 FALSA A EAFE S Aol AFEEHY] A1S AJ UL tp_str& A A3HA %}—“H,
tp_repr A8 7] 7} thAl AR U T

the-e 7hera o gl ok

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

23.3 oJEZHE A

NEFHEE XYE £ 9= ZE AAd gal, sl 2 A EGFETF 2 A = (resolved) WH S Al o
e s Ao YTk o E H%Eg A 5 = g (A7 FeEo Jud), JEHHEE
AR e FF(lEYRE Ao sl ttd) 7 lojof FUth A ERE A A+ 583 4§

u, 2 2] 7] o] ALH A gkol NULL?:MD}.
slol W& F o o EEHE 22| 7] E AFFULE A EGRHEE A Y3t F2 Ao stk 235

¢

Bug. Aolde @ gL ols B E o 28 char*2 A 311, T2 AL pyobject & WolE I ThE
AQUTh 7 g 7He) Bl o AgR AL LTS Az

getattrfunc tp_getattr; /* char * version */

setattrfunc tp_setattr;

VA V4

getattrofunc tp_getattro; /* PyObject * version */

setattrofunc tp_setattro;

A7) 0] o] £ HEol oA e 2o B4k 2R Qo]
349] pyopject* WAL AFHE ol AT 5 I AuA< e
o= e HE el 7o thek AA DAL A9 3] AtAA R AL Fs e A 2e Antk o] A
A HEE AN A SFE o A7) wol G
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i) Bga e ek o 2 RED AL 210, o2 RES el A BEE AL
FAYUAR FHe ok sk B 74 2 AT A5 ok
1. PyType_Ready () 7} S € uf] o] EZHE 9 o]%% oo}of 3t}

2. oEPlRES FAYAANLLS 1S o SAA A BRAA Fow] e A NoR 2HE
317 gkok= Huich
o) BE o OB BE g e ASE A Ei B HolE 7 A £ ol AR FA Lol
Fol s AL L.

PyType_Ready () 7} 529 uf, 8§ A7 7} 2281 3719 Ho| B2 Agsto] & Azl G0
ﬂﬂﬂLEAWE%%U%HWi”ﬂ*ﬂ%HLﬂé%AﬂﬂAQﬂEﬂ%Eﬂﬂ@ﬂW£%
AojgUrh. 7 elo] B A A UTH Al | 2EA NULLOl W, Be) ABAE o8 A A4H

oEZHEW ZHA T, tp_getattro tp_setattro EE NULLE YA Fo|ofu]o]Ad o] o]E

BRHES AT+ dFUTh
glolBo 3 Ao A =g HoE )

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

tp_methods 7} NULL©] o} W, PyMethodDef 2|2 vi 4 & x5 of Ut} Hol L9 7t =2
T T 2A 9 AxEF AP th:

typedef struct PyMethodDef {

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

const char *ml_doc; /* docstring */

} PyMethodDef;

oA A== Z =0l tsf shte] F=S Aoslof duth; vlo] Ao A A& v == &
o] 2234 ?%’Q‘Jf%- 2] o] 5jito] 'zr7]' FEol DYtk v d o E2 vet = Al el (sentinel)
AUt AMEEe m1_name B E = NULLO] o] oF gy th

5 A e B e dab o] A4H Holee] A4 vPE & o= HES ol s o AeH Uk
cheke /)8 Cyol AAH T, M At 97 Agol AL AT 2719 & dFUTh HolEe] TR

R SEEEDEEE

typedef struct PyMemberDef ({
const char *name;

int type;
int offset;
int flags;

const char *doc;
} PyMemberDef;

Ho] &9 ZF 5ol s, AT HE7F S Foll| FUHE A A"l A FRAANA Fhes FE2T 5
AA Ut} type EE= structmember.h 3| ¢ 9 7(4«13 P IE FHE :‘TL—@'%HO]: Fut; o] 3
slolx FE}t CHL Thell M Esh= WS 248 dl AHS- HD} flags YE+ A EGHE AN 2=
S Aot 8 18 A= dl A Y Th
U5 E8 1 44+ structmember . holl FoJ = o 55Ut v EE ORE AMHE-o1] A3E AUt

R il

READONLY & 4 sy

READ_RESTRICTED | Al3tH RE=ojA+= & 45Ut

WRITE_RESTRICTED | A|StH REOJA =& + 5ttt

RESTRICTED At B = AL & 5 syt
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tp_members H| 0| && A3} o] 4
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Mo R HolH HE O ERREVIGEE Holgo AEE A Fohe 2A0E AdAd S2ER S 7HE
F 9= YUy S8 22 a8 Y} /\}(mtrospectlon) APIE A}831l0] S| AA oA g3y
HE AW, 249 __doc_ AERE
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EAHEE] SAER S de + As Utk
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tp_methods H o] E3} n} 27} A £, name Fko] NULLS Al gl &2 o] I Q sk}

CEEEGE]

rL

i

&2
k3] 8h7) §3l, char* Hi 2k of 7] o] A 01]/\}6“/]‘3} name "7} M) & o] B o] 22| char* o}
PyO

Object* WA 719 §A & Aol AUtk o] o AL 919 W A} ERH 0= T2 AL+
A, sol 220 F7HE W AW AGIA Gk A7 B4t BRSPS AReuE,
7152 2gslof AekH, 7 AL ok B ol F 5 9L Ak,

tp_getattr A8 7] AAo AEYRE 271 2T v SEF Ytk F:;2Y _ getattr ()
WA= SEE = A 22 Ao TEFH UL

ol ke 2Rtk

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 A 7= & i OAE A9 setattr_ () o]y} _ _delattr_ () HIAE7} D
20t A=l RS ok A 2 i A woiee] BT, thee tas
WA 7] = o Ytk 017401 AER ool Yot= AF e, tp_setattr A 8] 7] = NULLE
ofof g ch.

static int

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

T2
S
AR

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

23.4 A v

richcmpfunc tp_richcompare;

tp_richcompare A 7|= v/l g o &HYch _ 1t (¢ e =
3| Z3l, PyObject_RichCompare () £} PyObject_RichCompareBool () o 2]

o] = F ) o) shol A AH 9 AXALE QAR AFR-S] TEFH UL @VW A4k2k= Py_EQ, Py_NE,
Py_LE,Py_GT,Py_LT =Py _GT F St Uth AHH A4AL2 F AA & vl w3kl v o) 4d-53tH
Py_TruelY Py FalseE, Bl 7} £ X gofow o2 A vlu Wl EE A T8 of 3t AL

et 2l Py_NotImplementedE, o2 7} A= W NULLS QHSHsl of S h.
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static PyObject *
newdatatype_richcmp (PyObject *objl, PyObject *obj2, int op)
{

PyObject *result;

int c, sizel, size2;

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

sizel = objl->obj_UnderlyingDatatypePtr->size;
size2 = obj2->o0bj_UnderlyingDatatypePtr->size;

switch (op) {

case : ¢ = sizel < size2; break;
case c = sizel <= size2; break;
case : ¢ = sizel == size2; break;
case c = sizel != size2; break;
case c = sizel > size2; break;
case c = sizel >= size2; break;
3

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;

A EY AA7F 2 AL e g AAA R ZFot e = 5t ¥, CH PyNumberMethods,
PySequenceMethods EE+ PyMappingMethods& ZtZF 8l T2 A F4AE v XYt} o
T2AE AN FOZ AN+ A2 Y A GUth gholH &2 wj £ 9 Objects o] & E 2] of A]
ol Z+7te] ARE O & 3HE 4 FUTh

hashfunc tp_hash;

o)) Al Fek7 = ATk, o] B4t vl ol el B el ATl zol v ek 5 4] 5442wk of g ok
O LT DR

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;
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return result;

of wel Mats Uule ¥5 9t A4 §YUrh tp_hashel A -1 WEsH
z 93 0L Wl WA =S Fo) 3 of Gt

ternaryfunc tp_call;

o] g dolH3yP e A2t Art“s27d w SESH Ut ol & £0],0bj10] Hlo]E T2 2ol
3} o] ) 7F 23 E o] Qi tp_call A7 7S o}

4:&:

W 23 HE objl ('hello'
e Al 719 dAE ok
1. self £ 29 4 tolg P Adxd AUtk $F°] objl('hello') oW, self £ obj1 Y

c}.
2. argsE T Z0 3 AAE 283 FZ2YUTE PyArg_ParseTuple () 2 AFR31o] QA ALE &
T4 Sk
3. kwds= G 719 = Q1AL Q*ﬂﬁﬂ ?3‘4"/} o] Z o] NULLe] o}yl 7] = QIAE A A5t
PyArg_ParseTupleAndKeywords () & A&t QRS FEIAAAI L. 7] ¥ & ARE A A3HA
okl o] Zlo] NULLe] o} U, 7|9 = 911}7} A4 A ¢h=the WA A 2 @A TypeErrors A
Al 71 Al L.

A3t tp_call +AL2 o3 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;

/* Iterators */
getiterfunc tp_iter;
iternextfunc tp_iternext;

o] g4~ % olH ol Z2EF Y& AFFYLE F A7 2F Z&3] st wi/) H, 25 =
2HAE FHo 3 A ZF2E NSyt o g7 A S, ol 9] & A A S NULL-S HEEHS) of U o).
tp_iter= o] _ iter_ () WA ZO | FS, tp_iternextE To|H _ next_ () WA Eo

E olHHE AAl= ol & ol B AAE vl oF 8= tp_iter A 71 & FE3MoF FYTh 2
ﬂ&imAﬂtﬂﬁﬂLﬁiﬂﬂ qq
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Fojjulc} A o] B &) o] ] 7} B o] A 31 WEEkE] of o S T}
i 2 AAH ol o] Mol a8 oz A3l AA = AnZ
gt A=z %133—3— HE3te] tp_iterE FEE 4 JFUT - webA tp_iternext A B 7%
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weakref ZEO| tet A A.
A7} FaA F2E = glogd, gP o] F kA AHE A8 o Gt
C )

1. 3 Az WAUZ AL
< NULLE A %°1°k :Mt}(ﬂ% tp alloce A}-&3oj

2. A= 7L ST 3 2
AW E CAA FE2AANA Aol dFge e euMor
= =

FAROR, e B4 BEE AL AR T

)
i_z
FN
1
av]
Y
O
(o2
.
D
Q
e
*
m'
l
i
f
i
o
>,
>
F
3
)
o
o
3,
X
Ir
©
X,

typedef struct {

PyObject_HEAD

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

g u ARoT HAg 3 Ao & wln:

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

T3 271 AHee =7 NULLe] of U tp_dealloc©] (PyObject_ClearWeakRefs () & S &3}
o) mE ot 32 A& Dot drke AUtk

static void
Trivial_dealloc(TrivialObject *self)

{

/* Clear weakrefs first before calling any destructors */

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

Py_TYPE (self)->tp_free ((PyObject *) self);
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2.3.7 =7} <}

A HolE P ol 54 MAEE TSt WS WS HH, CPython &2 I &
g2 &2 o] 53 3, C &2 3doA tp_ofl Yot 7155 B A (&
= AT A L. st = 7 5 .

A7 TH 5 G| T4 A
L. A e v Z2syth:

£ F 3 Al L. Objects
£9], tp_richcompare)

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

}

o B
CPython 22 P AE t}-& 2 E3H4 A Q. https://www.python.org/downloads/source/

GitHub ] CPython Z 2 A E, CPython A~ F. &7} 7 lhs] &= 3L, https://github.com/python/cpython

CPython®] C 732 2713} & Wi W= I/ ehol B2 JUTh (o & S°l, Bls2€ .so, 959+
.pyd).

AXE 4 glodd, Ff gho] B2l g 7} PYTHONPATHO] Qo] ok 3tH, B & o] 22 ulzl 4
£ B4 o] F Ao oF &t distutils & AF&-SHH, SHFE 31 o] 5ol AHs o AAH UTH

278 Pt e T e A9 25U
PyObject* PyInit_modulename (void)

4A35 2739 RE o] PyModuleDef SIAHAE ¥IESY T AFA 3F U] &2 initializing-modules &
BN 2

ASCIE ¥F o] F 0] F] o] 55 7H 59 4 ¢, §579 o] 5= PyInit_<modulename>o]ojof gt} o
714 <modulename>2 &2 °]§ 2 F X 23y t}. multi-phase-initialization & A8 & w] ASCII 7} o}
, 2713} &4 0] 5L pyInitU_<modulename>©o| W <modulename>

BE ol5°l 8 F Yt o] 4 =
2 AFYE I o] &5 DEE thAlF U th sho] oAl

]
2 3}o] % 9] punycode A7

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

o8 2718} §+8 B9 o] U 37 o nef o A ole] BES R £ AFUTE T, o] 52
Q= Shele Y YT} A8 B ARE S LS oF Gtk B A0 5 o Fof Pt
3y 2= 7] W E AU Th A S Ul 8-S PEP 4899] <@ efol el 2o ole] mE” A& AR AL
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2.4.1 distutils 2 C2} C++ 3 U =3}7]
2 252 vpo] Wl 2o distutils £ AHg-sFo] W= 5 55U T distutils 7} HFo] A 2] 3 7] 2] 2] A2
ﬂﬂ@ﬂ@*ﬂMﬁﬂ—ﬂﬂoHﬂﬂﬂHﬂ%ﬁ%%ﬁﬂmm&ﬂéLﬁﬂt%Qqq

diuis A7 A E 2ol 223G et pyZhE AU AAAL B S A2,
£ 2heheh A-9of o)A A gtk

from distutils.core import setup, Extension

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

o] setup.py< 34 demo.cE TS AP e

python setup.py build

demo.c% Aot build Y E 2ol demote &G ZES AT UTH Alado weh BE
L puild/lib.system 3+ @ E g o] Eo]7}1, demo.solt demo.pydet L& o] 2L 714
3ty

N

FTE 23 PP UTE o] A2 TS 7| H E QJAAE wols
2} AU TH FAR SR, o] o= 7| AE YESHY] H & e FHE
A3t A7) A &S AZFYUTH Ao 2, 57| A= Fpo| A ax BE, 4], A/ B 9 7] A 52
e F7F REO| azfg}%qc}. istutils 2] 7] %
TR AIL; o] Aol % 5

; A
EgfolW 2THES H A 72 i}ﬂﬂ F8l, setup () ol B AL vl 2] A4S Zo] dRbA dy
o

3t ext | modules ) A}= & 5L B AEH, 7—| R EL Extension? ¢l
"2 Urh o] oo A, It e Y a2 31 demo. cE A 3L St} W =Sl demo gt S
Ao gk

4%, B2 WESE AL © YUk U, #4249 AR 7] B9} eholmel 7}
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28 A7l W Z Pt ol ofef ol A A A F YT
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o 3+ 2FA| 3 22 distutils-index 2] distutils A & A £
A

i 55

from distutils.core import setup, Extension

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

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

[
4

ext_modules = [modulel])

O

o] ool A, setup () =
Aol thall A<=, Zﬂﬂﬂ

d

F7tE AR E SEH W, w2 7| X & Y=o & )
71 89, JAFF = v E g, geolBeje vdE e W gtol B g E A FFTh
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A5k e of whek, distutils = o] JHE ThFR POz FopAelo] ALGUTh o & o, fol M
b e A9 Bz oo & ST

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] 22 A A] F& A WUt} distutils A2 A= distutils 7} & HWFE A & & 3c)al WojoF gy th

’python setup.py install

BE #FeAs 22 7 AE s oF AUty a8 e, ol A At

’python setup.py sdist

wfol] whe}, 371 9t & A v zof Z3bef oF FTh; o] A2 MANIFEST. in 3¥g F3 g UTh
ZFA| 8F W82 manifest & F2 34 Al L.

4xwEAABH R YER Y, B vl o MEE BE 5 YUtk SRE mel, ol & )
ohe B 3 e A8 T 4 5T

python setup.py bdist_wininst
python setup.py bdist_rpm
python setup.py bdist_dumb
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B3 o] 28 A-8-3h A Th o QE|s o] Ak
2P AR AT AQUT. o) AL Al

#define PY_SSIZE_T_ CLEAN
#include <Python.h>

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

St ARE AEZE A & 7] 95l
' , 3tol A Qe Z 8]l = Py_Initialize ()
=399 sold ~adEA} APH . 29 0L

E%E?ﬂ;il%ﬂgﬂuﬂ—”ﬂiilﬂﬂHL%l

Py_SetProgramName () 6]—‘/[\“15 stol HEY 2ol
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g
rl?LU

H
WAIHES thE (ot HAE A7) 749, 9bd & vl olHu o] ) ol A 7R & 5= 5 U T
oA stold F=ES d= 21L& PyRun_SimpleFile () 5 ARG o && 4 e, W2 g
e et d Y8 S 2Ests HARES DolsUTh

DFE A o) AE & ZE2 WA o9 o] FES HAPT 5 = Y= AFoHAI R H 48
ool E S AEeE 2ol H HAFFULH 182 dettd A9 358 AMgd o Ut o B2
CraE AAMoFote A, AL & A 248 + A5t
ol WS FAste A stol Mg WS A2 e grol= B 3 522 d5 ol Fol
frofafl o Futh. o] A oA = H 2 FA = A3 FREFULH o] A BAIHH, sto] R oA C
2 FF IS AAZ = A2 AT EAANL

1. tlo]E{ 3k o] Hof A CE ¥ Esla,

2. A%H 2 AHES CRHORE 5 553 76,

3. 25 EolA & dlolE 3= CollA] gtolx o &2 WSt
ol Mg WA u, e o]~ T =E TS AP

1. "ol Bl g CollA] slo] W o 2 W33}
2. ASE FE AMShe] Fhol A QEj S|~ FHIO R
3. 23 EA A2 dolH 3k C

HAIThAI S, o] e A A 7} Qo] 7t A g o) ThE e
Fol A F vlo]e] Wk 7ho] EE e 2V S CFHS S
sde s2Fh

K

N




Extending and Embedding Python, & ] #] = 3.8.18

o] Aol A= stoj oA C= HlolH & W&at= Yy I Nt 2 o] Bl & W &ste Wyl #sli A<=
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dold 23 EdA Ao H P48 Adsle EE BT e

#define PY_SSIZE_T_ CLEAN
#include <Python.h>

int

main (int argc, char *argv[])

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

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

return 1;

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

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

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

if (pFunc && PyCallable_Check (pFunc)) {
pArgs = PyTuple_New(argc - 3);
for (i = 0; 1 < argc - 3; ++1i) A
pValue = Pylong_FromLong(atoi (argv[i + 31));
if (!pvValue) {
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) ;
if (pValue != NULL) {
printf ("Result of call: %1d\n", PyLong_AsLong (pValue));
Py_DECREF (pValue) ;
}
else {
Py_DECREF (pFunc) ;
Py_DECREF (pModule) ;
PyErr_Print ();

(F= soTA ol A
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(o1 sl o] A A A%)

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;
}
if (Py_FinalizeEx() < 0) {
return 120;

}

return 0O;
}
o] AL argv(1] S AHEte] sholwl 2TYES 2 E3T, argv (2] A FHE F4E TE A
A A= argy Wl @Y F2 FEYUth o Y o d s

=4
2292 @J}owam EEE NGRS
=5 43

=K 1Yt} o] =
callol2tal BFAI T, &3} 22 vho] W 251 )3 3= o] AF 3 T}

def multiply(a,b):

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

c=c¢c +Db

return c

a3 i oh2t Zokok gyt

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

meau] 75T A4ge 2 Wol AT, tfRE I=x 5o AT C Aole] HlolE WA e KB
e AU Tl d 43 A FrlRe REe oA AAgn

Py_Initialize();

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

EHZEHE 7|3} &, AT PEEPyImport_Import () & ARE3le] 2= Ut} o] &
o)W EAHE = _:Ci:r’-‘&]-ttﬂ, PyUnicode_FromString () Eﬂ O] E] Y3t £ES AFR3to]

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

if (pFunc && PyCallable_Check (pFunc)) {

t
Py_XDECREF (pFunc) ;

G 2ITHEZL =W, 92| 7F 2 9= o] 5©] PyObject _ GetAttrStringo%A}%‘M A4
Uth o] 5ol £k, whstE AX 7t FejE ol |, 22 o] ekl HAFA Mg 4 s uth 1
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e ZEIYL AR RELS AW PP ow PYF] APtk T T Tl A T4 EEL

o] @A o %ol }:

pValue = PyObject_CallObject (pFunc, pArgs);

i

AF7A WAE shol A Qe Ll E = o) Ze) A o 4 AR 9 7)o QAT 5 Q%L Tk Thol 4 API
EUAA AHzANE BAgonA o1 AS HETT. 5 WA AL 5 E 22 adol s
Agse 2oz g ch BsA S, 184 YA s SUTh A S§ ZE Ao
sholml JIE Tl B & A FAThE AL dolmel AL, oA, $8 T2 IUL An FHe] Hgoz
Zh5), Ak ol W A2 A4S AN Fol Mol A SRR AM AT S YES QD HEE
A4S AA 2. oS B

static int numargs=0;

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

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

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

bi

static PyObject*
PyInit_emb (void)

return PyModule_Create (&EmbModule) ;

EEmain() 5 HlZ Yol YA . T3 Py _Tnitialize () o )3t & Hof o} F
ﬁ‘ﬁﬁ}*&/\]ii

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

o] F &2 numargs H4E 271388131, emb . numargs () & WEH dho] A JAE|Z B 7 AN 2T
T AEF UEYTh ol S 8, gtol M ATHEE A 22 AYS AT 5 AF UL

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

AA S8 ZE2IAPANA], o] BHE S8 ZE I APIE Fho| R ol =ZFTh

3.1. t}2 2& w2 90| slo| A YAl 65

]
olo




Extending and Embedding Python, & 4] #] # 3.8.18

3.1.5 C++ 2 3lo]# Y73} 7]

Sho] g Cor 2T AT A /ST o] A o] o RA FAH A5 A H Cre A 2T
A Aol gl 5 UTh AMAOR CrrE M 22 19 RS, Crr AL e & AF8 5]
22298 7oA P25 of T Th Crr ASoto] shol 1l A7 thAl AorAT Aot geth

316 92 Ad A2 A Pskelsh P =5h)
spol A 2B & &8 2ol YRS Hsl Aopde (e FA) ol AT SHLE = Aol &
RSAL R UTE S8, 53] ol Wo] AAolA F2H CEA F(.s0 ) 02 FAH ol B
el RES 2EdfoF sy Wi dyth
o3t Ande| A SYaE oy, Ax date] B E YA H pythonX. Y-config AT HE
£ 298 4 YUt (pythond—config ATYER AE 458 4 A5 Th. of 22 Eol = of
Aol e, thEd 2L AEL o] A 03274?4‘43}:

* pythonX.Y-config --cflags+ ALY T ujY A3 A1 E AT}

$ /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 --ldflagse I3z & wjo AF =21 & AZT Ut}

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

B3 018 shola A7) 29] (53] A28 shol At o] d 2] 4 4 AT sfol 4l ko)) £k 9| 5He
H, 99 de} Zo] pythonX.Y-config? AU A2 & A3l Zlo] EH5 YT

o] @ﬂﬂ@ﬂ—i—%-ﬂ'ﬂé 57 k=T (RE Y2 A4 2

S0t ST, W B e BT, 54 90 we

Makeflle»]—(j_—&x]a zto 3 sysconfig. g makefile_filename () & ]—% ]—/,;]/\]_‘?_)5(5‘T ?:_1
£4E AN T ol syzcontio L el el AL 7 2 me ey PA o m
F2He o S8 w ot o2

>>> import sysconfig

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

>>> gysconfig.get_config_var ('LINKFORSHARED'")

'-Xlinker -export-dynamic'
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ol
>>> 5}y Aol AR slold 28 xE. Az H A HFPor AAY 5 it T ool A A5 2

e e AEL A 4 A&
s B2/ 9 FE B2 IES 4YT W), AL oL TEA (LT, HBE, FLT) oo
=8 9T o, v eole 44 Fo| th3lF Aol /¥ vo| A mERE,

e Ellipsis W& A<,

2t03 Bl H 2x TEE Thol 4 3x TEE MBI A e EFAE], AT PR B TR LA
EelE SASA AA T 5 gl R W TS thE Y Th

2t03 = & golB g oA 1ib2to3 E AFHYTH =9
Tools/scripts/2to3 2 Al Z Utk 2to3-reference 2 H A 2.

abstract base class (—",‘—/Q'HIOI./;%EH’\) ZFA ol E A= hasattr () 2
Ak o) oA R (A Sol, W E A=) 32, Ael sl o] 8 Bl 3
9 Ebo]E S Heghth ABC“ 7 AMBE ZHAE EYsted, A E ﬂﬁ‘}x] ?%2‘5/\1
X isinstance () @ issubclass () o] 93] ZAE & Jd+= Fd2&
£ HAS. E}OM‘iOﬂt ‘3%’3 H]%PABC—O] mete = o 477’0 AE°] A
), &

o~
[o
fru
>
@
4
30
rlr
[>
1
hiad)
[
rr

C X
”?’ x}g Tz

m

SIANE Ko

Zr RE, Ed 2, @'5,\—9] _annotatlons_ E 0]
A= W4 o] nH| o] A, 34 o] ' H| o] A, PEP 484, PEP 5262 I 2314 2.

T 212} (keyword argument): S &2 W “tﬂ?ﬂ-ﬂ- °]’°ﬂ 22 (9 E %Oﬁ,name=) Tr=
rx Qo B 9 E R 7@“3 = A2k A& 59, 33 22 complex () E&oA 3 3
55 2F 7195 Adxd Ytk

complex (real=3, imag=>5)
complex (**{'real': 3, 'imag': 5})
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] 91 A} (positional argument): 71 ¥ = A X7} ofd <1 A} Ql
LAY OEHHE Y Fof * E B AZT F AFUTh dE 5, bR 22 524 3
S E L E S

- 9]
U

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

Qb= G )9 o] F 28 A WSl P Utk o) theol AE5 % 7 A S0 Bha A= calls
g AL BHA0E, o BB AR AHEE 5 dFUTh T geol A< ol
o9 ek

Loj A9 v 7 ¥l 2T FAQ A2 QA x19} uf 7| ¥4 2] x}bo] 9} PEP 3625 H A S

asynchronous context manager (]2 7] YA E #Ae]x}) _ aenter_ () &__aexit_ () HAEEH
o) o M async with BoA] Kol FH S Alojdl= AA. PEP 4922 T = A5t

asynchronous generator (H]Z 7] Al @ o]€]) v 57| Ay @ olE ol ol & 58 FE 4. async
def & A5+ ZFH F-A 7 Hol=t, async for FZ7} /\}%f‘%—? A dd e
Styield A4S EFITHE Fo) OE YT

HE WS A E $55 AW, o Buo AL w57 Aol E olge ol e &
A A o w o of vl 7} WakalA] oS A, HAT B0l S AA RS AT

w7

Hl57] Al o8 &4+ await £H A I} asyne for w3 async with & 23T 5 5F

o,

asynchronous generator iterator (¥]£ 7] A& o] €] o]e]d o]¥]) v]5 7] Al o] g Sl wh== A A,
vl 7] olEfd o] E Qdl __anext__ () & E&3W oHolHE AAE =51, o] AL b=
yield £84 7H4) w157 A el ol e gl uir & A8 gh o,
Zyielar ANH o2 Aol D5, T HA (A W55 th7] £ uy-EEL ERoE)
Aoy e E 71 gy T 31%7] Adg ol e o]e ol E] 7} __anext_ () 7} E8FE E 39
olglolHEE AN H, Wt o7 Bt PEP 4922} PEP 525& E/\ﬂﬁ.

asynchronous iterable (B]£ 7] o]€]2] &) async for ZoA AF2E = U+ AA. __aiter_ () WA
E=ulE7] olHHolH & EHF ok Ut PEP 492 E =5 35Ut

asynchronous iterator (8] 5 7] oJe]#|o]E]) __aiter_ () & _ _anext_ () WA EE Fds= AA.
__anext_ E=ogolHE AAE S FHoF gt} async forE StopAsyncIteration o9
7} a2y & EﬂWPX] H]-5 7] ]Ei HolEH 9 __anext_ () WAEZLEHFE A oEHEES FYTH

PEP 4922 % 5 95U th

attribute (6] Eg]HE) AT I AL A L= o202 FxHEHE AX ) 283 3L AdE S0, AA o7}
ANEZHEaE 7AW, 0.ax ¥ Z2H U

awaitable (o]0 E18) await FHA | AT 4 Q& A, 276 o] _await__ () WAE=E A
AR 7L E 4 d5UTh PEP 4928 HA Q.

BDFL *}H] 2-¢ £ Al = 2 X} (Benevolent Dictator For Life), 2 Guido van Rossum, 3} o] %1 2] ZX] 2}

binary file (s}o] U] ] She) vlo| = 7 7452 9
U] EE ('rb', 'wb' T "rb+") 2 g8 T OE‘ Sys. stdln buffer SysS. stdout buffer,
io.BytesIO & gzip.GzipFile & JAAHAE & 4 Y5 Uth
H 121N

str AAE d1 & 5 A+ Y AA o of

bytes-like object (B} o] E Q& 7 A)]) bufferobjects & A Y5t C-A%5 M E AAFTE T 5
5% memoryview 7“ AAEL EE0|1 bytes bytearray, array.array AAE
“}O]E‘ﬁ T AA S vkel v HolHE = A8 7R Asksol A2
vhol g std 2 A ZJ, 2ASFHAE 2L Zi%o] AsYTh

o AtE2 vtelv g HolH 7L 7t A Y 87 st o]d Ao ABAE T35 “gal-
» 7| Hlo| EQ R AA" gt EAF YT 71 W9 AA|Y o &= bytearray 9 bytearray 9
memoryview 7} Q&5 Uth ThE QAFE L vloj g dlolEl 7} B AA (“ 7] AL Hlo|EE R
AR o AAYEE Q@ FYTH o]d AEY 2= bytes® bytes A A9 memoryview 7]-
e,

At Eie 59 = FEsA 8.

4>
30,
)y
A
T
27
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bytecode (H}o] E F. &) Tlo|H A4 F == ulolE FE 7 AT YE =], CPython ¢ E 3 2§ of| A] T}o] %
22 I YR FHFYUTH vl E =+ .pyc 3ol A Hof, B2 32 7 A AP o
o el 2] Al T Yt (A Ao A Blol E I ER O] A AT LS 9T 5 AFUTH. o] T A" &
ZHuto| E = of tf 38k 7| AIE A et 7 71 A oA A Etty B nh blo]E =+
A& T2 stol A 71 71 Al A 2 E A2 7SR =, sho] A i & Tholl b A o] A &= ghrh=
2ol 2] 3l oF Fh.
Hlo|E T & o] 5o BEEL2dis BE YA g Uth

callback (F1) QA2 A== vlef o] o] Aol A AYd A8 2d 3

cass (Fe2) AHEAH Y AR S WE7 AT Y. FHE A= Hs S dadasthide
Aidste A= A s

class variable (] A ¥HS) 29
Aot =A==

A~
T .
coercion (Z.o] ) 2 P9 F

o
[» M
)
i
A
o

oA BoE il Fels 5 (5, FWg a2 47 ofy e o

QALE bsl= d4tol dojute 5 S Fo AAHAEE Yo 2

SAA s st A ol & 59, int (3.15) £ AFE A 382 WAL ShA|wh 344.5
oAl A, Zt A A= T2 o] AL (3= int, T2 dfb= float), & T 3H7] Ao 22 P o2 W &3l of
Utk 28X oW TypeErrors o Urth Z oA glol&, T3 = JEAE 2018
W7l 2L go 7 Hggs|Fojor gyt o & 590, 2 F 3+4.5 3= tAl £loat (3)+4.5

complex number (¥-4:57) ]38 A A 2H 0] S, RE KAV Ap R s tor Y
AUtk SR = AFd S 3 1Y AFDE FH AN, TF5 A= 18, F8el A=
JZ2 Z2718U T FolHS T2 Z7HE 2= BAFE V| E ALY 4R 5 JuAE
EA9A E71F U Al E €0, 3+1j. math BEY BAa¢ WA o] 83, cmathE AFEFU T
EAFY 82 5 52 5584 VledUth 288ttt 7] K Sohd, A9 g4l E] FA
= FHYCH

context manager (Y AE #g]2}) _ enter_ () & _ _exit_ () WA EE AT o Z R with £
A Kol 83 L A o)sl= AA. PEP 34322 T 9= 95U Th

context variable (AE| A E W) AE 2B mg} g2 g 7M1 = e Hlp. o 4 AY 2y =7)
W] s o e 7 = e 2d -2 AFask v U 28U, AHMAE USE
Fal, shte] A Ag = o] AHYAET QIS & o AHAE HEo £ 85+ FAIA
H 5 7] el a3 oA W& F4 8= A YUt contextvarsE FRSHAA L.

contiguous (<) ¥ 3= A &3] C-A <S5 (C-contiguous)©) A} LE T A <5 (Fortran contiguous) 8 o <5 0]

=

gl AU G W= C-AS5olHA 2ER ALY Uth A wjdoA, FEESS
Aol AR, 0014 Al =Fel 2 8 A glelxe] ¢ A2 W 2ol v 3% o] of g o). Tl
C-AL v QoA vl 2 F4Y SAUE FEES T o vpA 2 Qe A7 7Hd k2] W th
SPA T, £ B9 Q14w Qo A, A WA e} 7 e Wk

coroutine (L F8) I FH-2 A B FE 9 o] Iutsld JFefJuth A BFEHL 3 A F oA st oh
AdA dEFct I 5
=2 async def o2

coroutine function (Z € 8t5) 726 AAE S F =4 IZFH T4 =
4 9131, await 9t async for®async with 7|9 = +
ol o] 3} = 919 9135 o

CPython 3}o]% =& 12w Ao 784 Ql & <, python.orgol| A v =5 Yt} o] F+& S Jython o]}
IronPython 7 -2 t-& A& 8o} “CPython” ©] AF-& Ut}

decorator (d|Z#o]¥]) t}-& T+E E Qurapper 2 S A L3 4w ow

) ¥} staticmethod () ¥YTh

dmdole 23S 94 Wl 2 YUk TS F §5 A v go R F5FUG

)
i
e
9[_:
I s
ko
N
X0,
filo
&

o~
ofo
A}
<
=
fin)
R
vy
%)
nj
1o
ot
ol
2
rlr
Q
—r
QO
[0)]
[0)]
5
(0]
oy
(@]
Q.

def f(...):

f = staticmethod (f)

@staticmethod

(F= soTAT ol AS)
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=

(o1 sl o] A A A%)

def f(...):
22 Mdo] FEladdE SR A T, @ 2FF 2 Q0 Ut dlZ g o] g o t & t] A S &2 T
Aol o Fefa g o AHAE B FYth

descriptor (] A3 HE]) WA E _ get_ () o]y __set_ () o]t} __delete_ () E B 3= AA.
ZH2AEYFENYA2THE L ul, JESFE 23| = 58 A2 #8S 4oyt B,

ab® QAL 2 AL, AA St 488 W, asl B2 GA A beke oS Bold A&
Suth AR ALY, g e gy WA Eeg s Haadhe

OlOHﬁ} <= v}o W"ﬂﬂhﬂz—‘_ ojso] A4 e, =, WA E, 22 E, S WMAE, 2HE
m A = %Jﬂ Zeha Az 5o B 59 /EE o1 97 gEIY T
H2aagE e HA=Eo ‘:H Sk 2k & U] -8-2 descriptors of] U4 T}

dictionary(“"/‘%‘—iﬁl) 49 71 & ol g A1 71+= A& o F (associative array). 7]+ __hash__ () <}
_eq_ () MAEE e BE AR D 5 AUk Dol A Ak 5ok

dictionary comprehension A compact way to process all or part of the elements in an iterable and return a dic-
tionary 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.

HAE7tEHFE= A

0)
4o g Al F e, 9
LR PNSE R E A

dictionary view (9 A 42] H) dict.keys(),dict.values(),dict.ite
Ase 9 e Fetar £5Tth ]Zﬂ%%“/‘ﬂﬂﬂ FESof o st
qelh M9 o, Bt ol Make g arke EYvch A B
list (dictview) & AF23}H FH Ut} dict-viewsS H A &
docsring (S2E9) Fel2, B B 3 WA LAY 2% YIS BAG A, 29 =7 4
g o= FAIE AR Aot ol o A FH o] R Fes, T, BES __doc_ JEIRHER
FAT U A=z 2002 S5 A48T 4 Yone, AR AHALE AT FUAL T2 AT
duck-typing (%] €}o] ) 2ulE AHH oA E 7HH =R Aot AAY FE A e 22T
28Y; tAl, des] A= 1)r 03 HREZFZSHAUY ARSI YU (“LEAH Kol LAY

X %
o
=
=

Ay, AL 22lth) AW P Al Aol A% px oM, L AAE DEE Y
EREEEEEE TP A% % 15U 8 Bl 98 cype () ol isinstance ()
S 87 BALE SITITh (975, Eo|Gol 24 o]~ Fo] A & 86 4 5800 55161}

Y th) tAlol, hasattr () BAY EAFP Z2 2892 & Uth

EAFP &2 X = A4S 317) 7} ¢ t} (Easier to ask for forgiveness than permission). o] &3] & 4

gol 7Y 2L, SuE 7Y ol BB RES A E MRS, I 7ol SRl o9&
Yt} o] Zt}ﬂa‘]-_ﬂuﬂ]-e 2B E 2 W2 trytexcept w2 EAZ EA A AFYTE o] HAY
oF 22 thE B2 Aol A A /\]’*O“Q = LBYL 2~} 4 7} o v] g Y th

expression (X3 A)) o] zto g L34 5= =
o], A ERE WA, A4kl ﬂ/\%
e g ddgzdqor, BE Qo] ¢
CENEE T YU EF E UYL A

extension module (273 2 5) C U C++2 ZAH
e AT AT

f-string (f-2 A1) '£' U} 'Fr B ol 29l TZ}“ ZHEES &3] “f-EAg olgt HEsd, 2
2219 g d o = %1%9;141:} PEP 498 & B A 2.

[r
Sl

o i
r

fins
kA
M
ol
or

<l
N
~

oX

N X
> -0,
BN

M)
g

i
ﬁ

e

o

ok
EE

=5

o

>

,ﬂ

filo -
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v

N

rir

E

‘

ko

B>

et 1

filo

o

o

fifo T

[ J

sy o
[}

°

k)

=
ol
>,
ro
pa)
rlo
(]
o ol
T
v
=
iy
'_l
'_l
D
gﬂi
=
r U
1>

te
1
S
o)
&

o

file object (3} A A)]) 3} 2ol th & 3Jr°1 A A API(read () Ywrite () Z2 HAEE)E =&Y
= AA. “P~°i 2 3ol e}, 9t AR = AA a3 A st oy thE AR AU S Al FA
(ofﬂ S°l, 2% 459, Q-vEE ¥, 2, o]z, FF) ol e A2 FAZ + A5t

g Ax L= st = ZE?‘(ﬂ (file-like objects)\} 2~E & (streams) ©| 2}t = & H U},
“Zﬂi“ ] F59 3t AA =0l AF YT Faw) vho] ] 2] 31, ¥ 3] & (buffered) vlo] v 2] 314,

g~ E gt o] 59 AHHA o]~ E 1o BEOA BFUTE Y AAE HE= FHAA IS
open () f&—?g—&% Adyrt.

=
file-like object (3} AA) =} 7 4] o] w23 L.
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finder (3}21t]) dxEE RES S =0 & o g1 A3 AAl.

gfol % 33. o] F &, F FF A7t JF YT sys.meta_path 2} T AFE3shE B A =
31T & sys.path_hooks I} @A AbEh= 4 = A E 2] 3}l H.

o 214 & W& PEP 302, PEP 420, PEP 451 o] 13Ut}

floor division A Y Ve A4 =E 14]31 sl 48k A U Al A2 Al dazl= // o)
d&gol, ZAA 11 // 49 g2 27 HA A A2 2. 758 =8 F Uk (-11) // 4
7F-2.75 WH st -30] Hof %Q%HOF%H%D}. PZSS%EH]EL.

function (35) $E 4107 oW 7LS Selze Y] BRE. qLAY 2L o) ake] <14 7l AerE 4 Qe
o, vt o] Aol A2E = 5yl w7l A 2 v A= &) function A A= B A Q

function annotation (g o] =g o] A) T4 w7 H ) B3 Zho] o] :mH| o] Al
P4 olnrolde QAR B AE 2 A43H U o F 5], of #4E £ A9 int ARE
drol=d Ao 2 7|t a1, FAl int 2 ZHE S Ao =2 7gig Yt

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

Sk o] H| o] A -2 function A of| Al A gt}
o] 752 AWt W o H o] 4 I} PEP 4845 T x8HA 2.

__future_ =2 I W 7 AR Az E L T3T R = A o] E
M RE.
__future_ BES IXEIFJIL I HFEY FES A, Al 7150 AA A o2 Aojof 7}
H AL, AAFE 27 0] 7] Rl HE=A E 4 s uth

o
et

Mg],é-l-_/': ol & F }

o = A=

r[r

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

garbage collection (F}1] 2] 5:71) T AF8] 7 94 ] 22| B whgahe A sho] AL
e S0 A 28 2 G S I S AN E B A A A A
AN go BEE AEHA AT 5 ATk

generator (A U gl o]E]) A o]E ©
2 Ut Eyield B34S 23
P52 @ ol s A 4 s,

o
g l-N
L
o
N
=
Y

= &5 Rt A g Hol=dl, 4¥9 3E
Uth o] ZFEL for-FZ &2 AL AL} next ()

HE Aol g 8 7t 7| AW, o' FH o A= AlvE ol H olE | olH £ ZFe Rtk o=
B oful 7l HEEA) kL AL, AAH G2 MA BERS YAt}

generator iterator (A U] o] €] o]E]# o] €]) A d o] E 471 whe = AA.
Ztyielde QAIH 2 A2 S 3L, 2949 (A Wissd 7] S uy-25& ZE8HE)
A3 RS 71 guh Ade ol olHE oY ZF ANEE, Wid e gyt (EE vt

A2 A &= <) i) g U o).
generator expression (| U #|o]E] & 2]) olH e oE & ST+ Rd 4. FZ A5 HY
for A} A2k 7lsdtif Hol Flo B= dul 234 AE HYUch 23t 2342

9% %5 BT

>>> sum(i*i for i in range (10)) # sum of squares 0, 1, 4, ... 81
285
g 5E

generic function (A g 34) 22
uf o™ FRA] AHEE A= H
AZ 29 %] o5 &5} functools.singledispatch () B Zd o] E]} PEP 443% R A Q.
GIL %19 QlEze]E 5 & BHA|S.

ALt %HE oE ol disl FET oY ez 748
239 2] &

kY

7
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global interpreter lock (A< ¢le] Za]e] £) 3 Holl 2 A 1} ~H =7} glo] vfolE T & &
S5 BAst7] 938 CPython 1] Z 2] 8 7}k /\}*"ko}— HAUE. (dictd 22 S8 WZFTEE 3
""0} ) A Bdo] BEAH o7 FA| AA| A0 tf5f] $HA 55 BFE ] A] CPython —?3&
EUth Az HAAE e A2 Az HE thsad E3ter] A we+ vl o
Z 2 AA 717417}111*6}L WEAdY B —‘%E’ 328 3ok
SFA L oW A 2 &
o= GIL& 3140}

jmﬂﬂwﬂﬂovﬂlﬂéﬁﬂ%WQIEﬂ}%Efm%meWﬂirﬂH%%%iﬂ
o)A EYrul, £3 B Z2 A A 299 A5 A5t Aok7] w £

D0 o] 4 ol n s S A e R A B el Bl f A W8] A Cold AS s
S AR 2 5 Th

hash-based pyc (3] 2] 7] ¥ pyc) &4 8317 5 31T 42 o] HE 54 A 7ko] obd A S
AHg 5= ol E .= 7fA] 9} Y. pyc-invalidationS & 1A 2.

hashable (3] X] 7}5) 27} QA 1 gho] MskA] ¢ A g2 231 (__hash__ () WA =7 B8 FY
o, 2 A HEE 5 QoW (_eq () MAZI ALFUTh, A 5ot G 2

b W ] = A s 8 AR5 e] S| gt Zotok stk

A AL AAE GANRIS A ARel WAR A E 5 970 sk, o] A TR Eo)
F08 AALE A BT

o2 stoj o) W W AAE =) 2l 22 ol &
28R g (R oerrozenset 7‘%)%% AeolyE& 259 2450 A 7t wfut
Al 7hs gy o /\F‘?“XP gol Zefad A x AA S 7T RAC R
A= Algstaes) 2 = ohe oy 02 T, A id() 2 HE TEo gy ok

IDLE 3}o]#1-& ¢35 3} 72 317 (Integrated Development Environment). IDLE-2 3i}-o] 1 ] 3 2= ] 3 ghof|

ofr
>

N
—_

[L}F/]'_?_% 7]2_—1?_] d3 719k ez ey 4 Ay

immutable (BW¥) T HE FS 2= AA. EH A= A4 BAE, F2E 283 Yh old AA &2
HA9 & gds5Uth A e ZJZPOPF}]“} A AAE T o] oF Ut W 8HA] b= s Al gke] qlofoF
St oA T 2% 4TS FUTh & =0, gAY 7.

import path (Y X E Z=2) 4= 7|0 3l 7 JXE T RES 37 Sl dAets G5 (e 4=

dE) O 55 d2E e ¢ ol F2SY 552 HF sys.path ZHE U, SHA T A E

712 o] B HE A7 AS] __path oJEIRERZRH = JAFUTH

importing (Y2 ¥9) 3t EE59 sto|H I =7 thE BEQ sto] I =o)X AHEE & X st A X

importer (Y3£¥]) REE 27| 30l 2 E 17| & df= AA|; s Aol 3FQl T o] &} =T A Yuth

interactive (3}%) o]l d2 thaly Az 2|HE 2ol Qletl, Bz B ZF 2 Eo|A DZ}“JFJIL@
A A8 i, SAA8E 2RE E 5 dvke SdUth AR flo] &A pythong A3 5t

=

mg<%ﬂ4fw oA sk A 15U, Al ofoltlo} & AAe AU mEH
A7 A& Sl ThR L o9 2 3 QU TH(help (x) B 7] 54 2).
As

interpreted (QIE}Ze] €] =) vlo) = SLE Azl ) A wl o] 71 7ol 528X 7] & 5 %, sl W
£ 93 ol hohuih ARz E el gt ol 2le A Aew A9 FUg wEs) g
bastae A A9 5 ks ST 2 22 180 B 6 488 ARH AL A, e

Zee] dolt BE At Ao B g AW WA 7718 2 0518 £ BAL

1nterpretershutdown(°lE1 e £8) 228t 23S 0S o, glo| A AE Z e = £33
Adsted, = —'—‘é“ oL} o 2 7]—;<] TR YR F2ER L2 2E 23 Ad=S 9A
HEUTh £, 7 A A7) & o

4

=
:{t:‘:_/] A]é‘g o /\]zl—/\];'l _/;: o]%

>
i
N
of
ek
-

>< §°

R ey

0]‘4-74 7“1 ':o ‘41'/]')
SlHzZEH £5 FH YA A= main_ BEOIUY2IHEZAIE ZU= AJYh
iterable (o]E]8] &) W &L 3l Ho

SR S8 E 4 A= AA. oJHEHEY o2+ ZE (list, str,
tuﬂeéﬁ)ﬂﬂ*ﬁiadﬂtéﬁ%ﬁﬁﬂlN%é(%54P1ﬂﬂ __iter () YA
Ade TAFE _getitem () WASE AN 43t R E Fej2e] AASo| Pervich

72 Appendix A. &3



Extending and Embedding Python, & ] #] = 3.8.18

OlEiH%% for FZ o ALgE £ S&J- AdAE 28R 3} B2 X (zip (), map (), =)
FUth oH#E AA 7 U ¢1ter() JZ}E AgEw, 1 AA 9 oY
Ut} o) 1E131]°]E1“%k‘:91§b}% A 2] = g3t olH#ES
,HE L iter () & 3&3A U, olEdl ol AAE 2 %%‘/“45}. for—Er%
0174%% o] HES Al A XPEOEﬂZLHLTi—E%% o] E

A8 Tyt ofH e o], Ald s, Alddo] B = HAL.

iterator (o] E]#|o]E]) tlo|E o 2EHZ FH3= AA. o|E#E o]HY __next_ () HIAEETHEAHS
2SS H(EE ‘417“' e next () 2 AGH) 2EH J=FEES AHUHZE =54 o
0] /9] EﬂO]EW} S uwj= thAl StopIteration o8& ?ﬂliﬂ‘/l"/} o] 2] ol A, o] E Hl o] E A
A= AR, 0]—‘?—9/] BE_ next_ () HIA=EZEL StopIteratlon of| 2] & tiA] 4o 7] 7| qt
Fch o]E g o] Bl = o] El g o] E| A XH‘_] SEHFE_iter () HMIAEE7HE Aol 2 7H 7]
ufjZof], ol #l o] E = oEl & o] 7| = st thE o HH EES ‘%‘:‘0}‘: o] thF9 oA A2
T AFULE a3t ool = oy MY o]H o] S Al ZEYYTE (1ist Z2) ZH oY
7“7<ﬂ Titer () ¥ E AL A LY for Fxof| AFST wjuitt A} o] H # o] H & THEY T o] |
AL olE g o]l thafj A S~ et o 3t W, At o] Bl | o] Mol ALEH o] ] &AZH o]HH o HE
=8F A1, ¥l AH oA E Ho] A whE Yt
typeiter ol T ZpA|SF W -§-o] lF Ut}

key functlon (7] 5lr) 7] Sk == g o] A (collation) == A H (sorting) ©] U ¥l & (ordering) o] AF-&-=

sHFE ZHEYUY o9& £9, locale.strxfrm() < 2AYL SA YA S H=2+=
x* Eﬂ 71E e = gl AR E Ut

sol o) phe £ 77l R2Eo] o RA $A AN AL Fol=AE Aol57] As 7] gg wol
=duyrh 0] A ASo|l=min (), max (), sorted (), llst.sort (), heapq.merge (), heapq.
nsmallest (), heapq.nlargest (), itertools.groupby () ©] UdF5Yc}

7] &5 HEE e o] B ol dFUth dlE S0, str.lower () HIAEE AolA & gle
AES *45} 7] T2 AEE syt tibF o E, 7] e lambda EdAORT WIS S
Jde=dl, o]d AJdUrt}: lambda r: (r[0], r[2]). ESH operator BREL2 A 79 7] &
AAAE AlFd YTt attrgetter (), itemgetter (), methodcaller (). 7] 4= f&—‘;—i
AH8-3F= ol t) 3k o]l 2 Sorting HOW TO S H A &

keyword argument (7] 9] & 212} <A} & B A Q.

lambda (2th 529w ghol ZHAAL shibe] BA4 o= FAD o2 Gt dlerdl A, P BAE
N B2HL lambda [parameters]: expression YYrth

o] 2.2} (Look before youleap). ©] & AELYL T Z 0|} 23] E 617) Aol HA|F o= AbA

}\].‘61»1/]1:]. ] QFOIOEAFPX—I:L@JJ,I;HH]QJ_,U}O lf"r‘-/] XXHE 1011017&\4\3}

F 28 = F oA, LBYL H2H 2 “H 77 “H 7" 2ol A 205 WA 2 Al s
o & E0], FE if key in mapping: return mappingl[key] &= 7"/\]——?‘—01] SFA uk %3]
£ 28 27} keyE mappingol A A A5 Ao & 4 sruich. ol @ ol 4 So| L} EAFP
A=W 8ROz o128 4 dw ok
E) W gtolx Al A 2 o]FolE B, dae) thak AAA7E0(1) 0] 7] wi#of], AZ
B] E (linked list) . th= T2 A o] v &3} F-AFE U T
list comprehension (2] 2 E A Z |3 A) A|A20 A4AE AR = AR E A3t a2 A3E 2R
=8 FE= 7H23 . result = ['{:#04x}'.format (x) f ran ge(256) if x
5 2 == 0] £ 064 255 ARl Y& BEE2) 1675 (Ox) EL £
RS if A AR 4 5t AT, range (256) o] & B E 8 AHU.
J

loader (2¢6]) R ES Z2E5F= AA|. load_module () o]2t= o] E9 HAEE Ao gt 2=
HE ygloly 7F 28 EUth AA 3 Y& PEP 302 &, A v o]~ F 94 = importlib.abe.
Loader & HA| Q.

b
?2

lo[‘
uﬁ~

magic method (W ) Tl A=) 5 5] 4] = o] vl A A Q) w5,

mapping ("]3) 4ol 9] 7] 23] & A ¥} Mapping ©] U MutableMapping 574 Wlo]2 S8
off AAAH HAHNEES FASt= AH oY AA. o2& dict, collections.defaultdict,

collections.OrderedDict, collections.Counter S & 4 95U rth
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meta path finder (W€} 7 2 5}QIt]) sys.meta_path & A o] Z&jF+= ThQlH. HE F& 3 H+=
Ax =2 591 9 peAw o] 97: s g thEg LT
HE A2 37t = HAEE A= importlib.abc.MetaPathFinder & H ¥
g,

¢

metaclass (W€} S 2) Sefne] Sefa. SHA A= Fedls ofF U 9M e wolx S As
o E52 wEYrh UﬂE‘r 2tz o] Al AAE WopA] FHAE NEL A S FUth R
AR AFY 2237 Ao 5L 713—??82 ATt ghol g EHaA e A2 ALY
e SdAE we  doke AJUth RE AR Al A o]l =77 A9 28 AR 487t
A2 o, Ve 292 FHtu %0}5& AHE AFFUTE A EFE AM 29 27 (ogging),
2= A Y 271 AX AP 4, A2E FER EL T AFol AHSRE U

metaclasses o] A T ZpA & W& T ASsUTH

method (441) 912 v o] 4]
I WA= A HA A (HE
AFZT Z2HAL

method resolution order (WA= ZA ¢4 WA= 2H A= 233}
R TAYYUTh 23 AR E Fhojxl <l
Python 2.3 Method Resolution OrderS H ¥ F Ut}

module (%.5) 3071 =] 223} th9] & T A7, RES Qo9 sholul AASE T o
208 2%UTh 252 91g 220 2 Aol nos weg.
712 = BHA L.

module spec (L& A¥) ZES ZT =0 AL
importlib.machinery.ModuleSpec & AX2HEH A,

MRO "4 = 2% =4 & HA L.

ul(if

mutable (7}H) 7PH AA|= gho] & 4= JAIHid ()  LAIA FATYULL EH T HA Q.
named tuple (V] Y & 5Z) “named tuple(V] Y &= F &)’ 0| 2h= §oj= FZoA AESHaL o] & B2 oJE
AREE AR QE2 5 i g0l AAL T4 Pb BE Bol} Ze2o] 4B L

Folug Zxef= 7]35 RAE T AFYLh
time.localtime () & os.stat () 7} ¥k&al ZHS £8510], o 8] YA o] Y A= EZ Q)
T O} & o= sys.float_infoYyt}:

>>> sys.float_info[l] # Iindexed access
1024

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

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

True

““ﬂ“C%%%mﬂ-ﬂLMﬂQQQJEfwwewﬁ 4357 o] 2 Be HAT 2 AHolF=
A ZHAAHYR VY E FEL U F AdFUTh o) H :'EH/\h A At AU HE e 4
collections namedtup e () EWE £ AH5Y 1’/lr. 6?(]--04 712 AF A A WA A=

REANE 22 5 gt 2 A 2 HAEE

namespace (0]% B7) W57 41745 & g2 gAdeE FAR UG A4 F74
B2 (AAS o) Bk ohleh Ao, A, W ol & B1bo] Ytk o F BRSO F &
WA REAS YU} o E S0, ¥4 builtins.open J}os.open 0
<J3 W REo I E FH}=AE EYoHA v
. £9], randomn.seed () & ltertools islice
2t 2 I S5 0] ZFZF random I itertools BEO 9 & FEE 12 o] WEE U}

namespace package (¢] & 37} 3l 7 x]) _?_?i, A
ol T H 7 A=
7] 4] 9= chE U o,

ZE LT HAS.

i)

A
~
_<,>L
=

krl

i
<
o

=
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nested scope (53 % ._ELE) S A A M4 E FRFE S5, & S50, 02 TF YRA A
gd g o Jde MFES A2 T stk SR 2F 27 EHe R s 7“5‘?}
7Fe 3, t Y2 H A ghethe Aol R Fuch A MpE2 7P YR ATz oA g1
SULH 022, A M5 A9 o] & F7HA A3 U Th nonlocal & W 230

e AL ST

new-style class (F+ 2 €Y 2] 2)

Ag BE WL QA AFEH L 9= Sl WA o d o

. 2719 dold WAoM s, 23 FAEd S __slots_, I HE, ZHH,

__getattribute_ (), F¥ 2 WA E, 2HE WA= 2L sto)HY AE T YT EE
/\}__9_61-/\ 0104H1,]1;]_

object (AA) ] (AEHEY gh) S 23 T2 (WA E) o] Fojd BE oy, =3 BE ek

S o] AE A ol s ZH AU

package (3} 7] 2]) A B REE0] Lh AAHCZ MR AN ES ZZT FUETFo|A BE. 7|&Ho =,
H7 A& __path__ ol ESHET Qi ol ZEAYT
5t 71 A & o] 5 3¢ ﬁHﬂ 2= AL,
parameter (W 7] 8 ) o (5 ﬂﬁmﬂAﬂﬁﬂ*ﬂ~%¢ﬂ%ﬂﬂ&fﬂ{%%%ﬂ%ﬁ%
A3 o] & %% °iF4El oA 7 w7 H 7 A5
» 91 X]-71 ¥ = (positional-or- keyword) A A A2 7] A= OJ 2 4\“ Ae AAE AR

ek ol Z10] 712 FEe) s a4 ch o £ 5ol of

’def func (foo, bar=None): ... ‘

Ub

o Y X-A L (positional-only): Y X 2 A F=E 5 9
S Hoj o v S HEo / FAE 238l 1
ol A posonlyl =} posonly2:

rlr
[o]

1418 A ATk 92 DG v Ass
o A 5 A%Uh ol Bol e

1)

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

71N - & (keyword-only): 71 EZ T A2 4 e AAE AZFULE 719 =-2-8 wj 74
WA S B v A BF oA kel she] ZFH-91 A i A x5 IR 23 A
Aog 4= dF Ut A& £, b2 A kw_onlyl 2} kw_only2:

Lo

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

« Z19-91 3] (var-positional): (T2 VI 7| M-Sl o34 o] ] WrolE o] 2l 913 xSl H )
AL 45 e A AR Q1e)o] NAAE A AT ol A w74 v w4 o) Bo
2 ool 24 AP 4 A& Th o2 o] thE ol A args:

def func(*args, **kwargs):

o 7PR-ZI ¥ = (var-keyword): (T}2 UH7H@Z,\—%O1] ol § A o] 1] Hlo}l S o] A 7] 9] & Q=S o] T3]
Asg 4 9 Qo) A5 ANYE AAES A FUTE o] A v AsE v RS o] Eo
x5 grof] oA Hold 5 AU Al E =01 919 ool A kwargs.

MRS A A 9% 7 B ok g A Aol A B4 ARELS AT 5 A%

L4t+. il =

1A} ‘9‘0171{:] q&2 oz} v ) H 9] xpolof L} 2= FAQ A&, inspect.Parameter Z#| 2,
function 2, PEP 362% H A 2.

mlo

pathentry (B2 QEzZ]) 4= 7|03y 7t A2E S REES 37 A8 Fuste d2E A= A9
ShLte] .
path entry finder (% & Q& ﬂ g}elt]) sys.path_hooks ol Y= ZFHE (S, A2 dEZ =)ol B8 F

=9y A, FJ X A2 dER 2 RES =S €1 Jd5yth
AZAEZ Q5o +AI}E=HAEEL importlib.abe.PathEntryFinder o] U3 4 Th

path entry hook (73 2 ﬂzal %) sys.path_hook B|2Ed &= ZHEUY, EH 2 e A =

F2 R0 23 vt 4 dee vld B SeE U

NSZ
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Fe
o
L

path based finder (3 2 7|9t 5}Qlt]) 7] & v e} 4 = skl 5 F sty 2 E J2 oA 2E

Z Ut

path-like object (J 25 AA) 5 A2d F2E Uehhc A7 A2F A& F2E ehhe ser
Ubytes A o] A} os.PathLike T2 EFS TH3E AA YUth os.Pathlike Z2EF
= A ¥dh= A= os. fspath () F4E TE3A str iy bytes 3t AJ~8 AR 2 dd ¢
A5 U Al os. fsdecode () 9 os.fsencode () = 747} str U bytes 35 B dH=H|
AHEE S 5 YT PEP S92 =4S 5y th

PEP }o] 7)1 Ao, PEP= 5ol 4 ARV Elo] A0S A 557k sol 1 me A 4w B
of het A28 7153 AHehs A EA AU PEPE A e /5ol B @ A% /1% At Y

ZAE A8 oF T

PEP= 2 MEZR 7|55 Alteti A0 ti e AFUE 8-S Tty ste]yof S0zt 47
AR S L,ﬂiﬂ‘:ﬂﬂ?;}ﬂ%tlﬂ?]u]%%‘qr/}.PEPZ—,”‘QZ}%H%WHlﬂﬂ]Aﬂi}ﬂ%?%ai
Wl o S BAE E Ade] Yl

PEP 1 Z2 34| 2.

portion (1) PEP 420 ol 4] 4 2] 8 A4 %, o] & 27 7] Aol o] A sz shrie) o e e elof] Sof Qe
S50 W (p Lol AH = A% 7Fs Y

positional argument ($] ] ?12}) QAL & H A Q.

provisional API (ZF4 API) 74 API+= R & glo| B2 B A T34 BFo
@ 3

ﬂWGOMﬂ1*43ﬁﬂﬂl% A A A otk HA1 = 2 7o) A )
23tk A aehE ) S840 FASA G WFo) dojd 4 gk 1A WP L 2

8 A0 2 Dol S A It) L APLE 5 87 o] A S eh e A ) o

WA F e o A

GAAPNALAL, A ERG0] A5 A T ABL HF £ 02 AAY -0

A28 FAS] ol B SBYLS A P Foelt BE A= AYH YT

o) AR EE ol ne e ol A7 5 L2H A L Fol BE FE A G AT 5 YLD

R Ut o A2 82 PEP 4112 2 Bt}

provisional package (24 3] 7] A]) &4 API & B A

Python 3000 (5014 3000) 5ko] 2 3.x ] & 2<1o] 8w (8174 32] Wl E7} W vlefe) o] op7) | A Aol 7
S0}z o] Zo|T}) o] AL “Py3k” & Fo] 27| % Tt}

Pythonic (z}o] AThe) T}e Ao S04 AAQ AP EL AJalA 2=
ool A 71 A5 AL & o T 5 7ol 2 ofolH ol ZE 27k o &
N Az 2 oS for B2 AR o HHEY RE 248 2o AL B BL
Aol ol e FRo| THE| glon®, shol Mol %3t G AFEL Aol 27} AL E

A28l =

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

o 2E, shol Atk Wy ol F & th

for piece in food:
print (piece)

qualified name (J 373} o] &) REQ AG AFZA ZE Ao Fd 2, S, HA = o]l2=«F
E7E HAF= Ho®r R o] 5. PEP 3155 oA Pt H 49 T 2y 4o,
A3 o] 22 AR o] £} 2Ltk
>>> class C:
class D:
def meth(self):
pass
;;; C.__qualname_

(Th& sl AT ol AS)
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(o1 sl o] A A A%)

YC’

>>> C.D.__qgualname___
'C.D'

>>> C.D.meth._qualname_
'C.D.meth'

2EZ 71E 71 =l AHSE o, @8] A3 o] (fully qualified name)-> BE R 5 ) 71 A &2
23 RER T ZJEE EH o5& YrF YL o & £9], email .mime. text:

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

reference count (=R 3142) Ao o3 =R M. AA Y AR AF7100 2 “9011]?1, W &2 2] 7} vk

“%‘4‘:} A2 A4 FHE AutH o7 sto|H I of 2 EH A & FA T CPython 73] 34
849Utk sys B52 % £ getrefcount () & A
regular package (3 F 3|71 x]) __init_ .py F4S xqs= tdEbE g e 2L AE5A < 9 7] A.

o2 BN E HAL.

slots_ Fo1 9] HAUAH, Q28 R ETE A FAL v Helen Andn g
O A e el 5 Ao oA E ek, 6] 9 A o] Fed 6 e
SRS} 5 A 8o\ A ele] A $ B g el P ol DAL
=99 492 B R0l FUTh

sequence (A1 W2) __getiten_ () 55 WAEE B3] 45 AYAE 4GP WE 84 AN 1S A9
32, A0 Aolg BAFE _len_ () MAEE ASE o elel . B0 W ADAES

_ 0
Ugsl B, 1ist, str, tuple, bytes 7} AH5 YT dict =3t getitem_ () I _ len_
= X]TJG}Z] OF, 23] o] A thAl 49 29 78 AFESH 7] wi ol Ald AT oYt w2 H
ZH T R0 Fol ok Huk

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 ¢ in 'abracadabra' if ¢ not in 'abc'} generates the set
of strings { 'r', 'd'}. See comprehensions.

single dispatch (42 t] 25 %)) T3 o] 31t Qo] Ho 7|2 A AHH = AU g 35 ) avhA

St 3 H.

slice (&2o]2) HF AU o RS 38t AA. Sefolaes HE 2T HE 7Y S AHSIA Ws
Ut} variable_name[1: 3:5] A=, [ A of g 7H./] FAE ZECE EYPUL. 2
HNBE2THE) Z7H2 HF isllce AANE AT

special method (54 WA &) o]y °] oj o] 04"}0 , Gl e, Al ol j?*];q OS2 5EH=WA
E. oM EE F Y BERE A AL & ]%% zka1 Q5 Y th 54 v A =+ specialnames
of A E T A °]A1/]D]'

statement (%) =& 29 E (ZEQ “E5 (block)”) & FA5te FEJUth 242 234 o] ALt
7| EE AHE S 04‘31 7HA F2E F9 sturgd Ut 7He if, while, for.

text encoding () AE Q17 4) FUFE EXNYS Hlo|EY R AFAYs = 79,

text fle (22 349 sz AN E Y2 & % 9512 A7, 35, 9LE AL QAL HOIE AT
olEl 2= L A 2akn e AE Ql5d & AE Ao gch g2 e ei dAs nE
('r'EE'w) 2 99 99, sys. st dln sys.stdout, i0.StringI0 9 AAEHAE EF JAH

et

Hlol =5 A4 B 92 4 9 5 Aol tisiA £ o] V2] 519 £ FE A L.
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triple-quoted string (A% ‘T‘}%E HEAY) g3 ()
w5 3% SHUE SR EAE ol %i“ 7
FUTH o]&aA o] = H x| ok 22

EAS 22 9k o] Zof 43

%ua

type (&) stol AR G 22 o0] oJd FFHY AMNAAE 2 Fol gl
AA Y] P& __class_ o|EFRER AAN2T 5 YA type (ob]) 2 & F AFUTH
type alias (% o] Q] o]2) B2 4 axto] B Y dhe] o] A& Fo] o of
P ol dejolat o U EE el ol 8 o 51
from typing import List, Tuple
def remove_gray_shades (
colors: List[Tuple[int, int, int]]) -> List[Tuplel[int, int, int]]:
pass
=t 2ol ¥ g7 g4 v &+ s uth
from typing import List, Tuple
Color = Tuple[int, int, int]
def remove_gray_shades (colors: List[Color]) -> List[Color]:
pass
°] 7]%s& A Y= typingT PEP 4845 F =2 MIL
type hint (J F12) W5, Ze)2 o Bl HE D 34 v M ke gre) Aois & 3L AT o) =
g o] A

P AE= A9 AHE 01“4 spol ol A A A= FF Utk sHA R B4 @ £4 =0 7851

=
AY LS AYdsty, A9 WE, Zgx oJEYdRE 9 F49 § FELE typing.
s
=l

o] 7]1%5S A Yal typingd} PEP 4845 2314 S
universal newlines (WA & @3] th3} 2L AES BF £9 Zo2 X3, HAE 2EYS
A= BT SUA RS B2 B \n', YESR B \r\n', | A I EA] Fe| '\r

F7FA Q) Abgof] B3| AlE bytes.splitlines () ¥vk ol 2} PEP 278 & PEP 3116 & H A 2.
variable annotation (H o] o] A) Hy = FP 2 oJESHEL] o] - H o] Al
HeEeZdlaodERE ool S 2ol th -2 A8 A Y th:

class C:

field: 'annotation'

W5 ofwElo]de AMA o o Y= AR UTH o E o], o] WSt int g2 A Aow

7l Ut

count: int = 0

W o] ;o H o] -2 A A annassign ol A 42 8 g o

o] - E| o] 41, PEP 484 2 PEP 526 =z 314 .

ol 7S Ao o

virtual environment (7} $+7) s}o]H /\]-*QLX]-Q} S& Z2 o], T2 A aH oA A E = thE F}o]
WEE ZRIANEY & JFE FA ?%th/ﬂ shol A vl S| 7| A &S A XA Y 28 o]
Tote A 7hsotA Bt @A o ® Aejd As 2.

venv &= E.}\-"J_L
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https://www.python.org/dev/peps/pep-0278
https://www.python.org/dev/peps/pep-3116
https://www.python.org/dev/peps/pep-0484
https://www.python.org/dev/peps/pep-0526
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Q]
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%)

virtual machine (7} 7| 7)) 2 EQojtto =z ol H ZAFE. sfo| W] 7 7| A= vlol|E I = AT
=

&7} 293 vhel =

i S
Zen of Python (3}o] 4 A) z}o]d T 241 %rﬂﬂﬂ s
HUth o] 552 3}y 23

55 Qv Aol & ol o} 3h AHg sk o] =gl
JR=]

kel 2 ¢y ek,
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APPENDIX B

o] AT Aol st

o] A AL reStructuredText 220 A BHE 0] X Ao 2 slo] W A YA S 93] E83] A 2E A 2 a7
2l Sphinx & AHg- 8% 1T,

A9} o] B 93t EA 9 A2 sho]# 2A| 2} u}xﬁ}x]; 2 QB A ALY g Q) 7] o5}

AT, o] W ol th & %E reporting-bugs 3] o] A = } A9, MEL AYEAIR= A A L}

2o 3h oy

S B0/ Be BAE =dUG
* Fred L. Drake, Jr., 92 sto]H A A = 3o 2 o)A w2 Zrl=9] 27}
« reStructuredText 2} Docutils 29 EE Y= = Docutils ZZ A E,

u—

* Fredrik Lundh, ~2.2] Alternative Python Reference = 2 A & of| A Sphinx 7} &2 o} o]t o] & L ¢l &5 Ut

jEnu

B.1 slo]d AwAle] THAES

Aol 71l FFUth 7o Ake] RE A Q)
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appeENDIX C

oA A9} o] Al

CA 2zEgeld o4

g}o] -2 ABCgt:= Qo] o] T A A& 4] v 2HE 9] Stichting Mathematisch Centrum (CWI https://www.cwi.nl/
2+ %) 2] Guido van Rossum©l] 9] 3l 1990 o] Zuko]l W& o] F <5 Uth Tlo| Mo = thE2 AlgE9) W 23]
o] 2= A v, Guido= Tho] # o] 8 AR} o} 9) A»]D}

1995, Guido+= Virginia 2] Reston Oﬂ @)= Corporation for National Research Initiatives(CNRI, https://www.cnri.

reston.va.us/ Frx) ol A zho] x 24 74] a1, o] oA oy AL AZEAE SAYFYTH

200049 59, Guido&} 3}o] A & /\\3] 7H 2 2 BeOpen.com 2 2 -& 7 4] BeOpen PythonLabs ¥ & T4 35
Yt} e 3104, PythonLabs 2 Digital Creations( & A} Zope Corporation; https://www.zope.org/ FZ) &2
A5 YTE 2001 d, ko] A a3z E 9 o] A H(PSF, https://www.python.org/psf/ 3FZ) o] A HE A5t}

O] A= ol FH A AAEAE AFSES 5838 AP v 22 YTt Zope Corporation-&
PSF9] &9 3 dYdUth

RE golH wlZHAL FN AAFYUTH(E 22 A9 of ths] A= https://opensource.org/ S 234

o [¢) H

A9 GAH O R, BB (SHA R ARE obUeh vhol H Wl £ 8-S GPLI S8 ) obee] B
e M ERe 2 ke AUt

uf == A" x| 3l a4 GPL & 217

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

13~152 | 1.2 1995-1999 | CNRI yes

1.6 152 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

212 2.1.1 2002 PSF yes

2.13 2.1.2 2002 PSF yes

2.2 o] 2.1.1 2001-# A | PSF yes

Fa: GPLY} z&dtE A2 2| 7FGPLE o] d 2 v x3ohE S dnstA = syt EE
ghol A gholAla= GPLI 2] of 2o WA S 37/ 222 WA G A vdS w2 5 A
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gttt GPL €3 glo] Al 9lo] W3 GPL 3ol Y d T2 2z EF o] & 2¢s 4= oA & o2
A2 194 5t

Guido®] 2| £ 5}ol o] W EE 7H5 317 BE BL 9% AARAAF oA A= F T

C.2 shol el A 25kA v} 4H&3t7] 913 0|8 o

lo] A 4z E g o] @} A A= PSF License Agreement o W} gho] Al 7F R ol FH )

glo] W 3.8.6 7 F, AW A9 oA, 225 Y 7]} T == PSF License Agreement 2} Zero-Clause BSD license©l|
e} o] F gho] Al A 7F Hof gt

sto] Mol F3E R Az EY ool = thE gholAlart A8 Ut gholdlas S gho] Al 8 Fst
= IZES A dEFEYTh o] H 3t golAl A ERAT HE52 25 Az EQ oo tf g gho] Al Y
S UE FRFAA L.

C.2.1 PSF LICENSE AGREEMENT FOR PYTHON 3.8.18

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

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

3.8.18 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 3.8.18 alone or in any derivative

version, provided, however, that PSF's License Agreement and PSF's.
—notice of

copyright, i.e., "Copyright © 2001-2023 Python Software Foundation; All_
—~Rights

Reserved" are retained in Python 3.8.18 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 3.8.18 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
3.8.18.

4. PSF is making Python 3.8.18 available to Licensee on an "AS IS" basis.

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

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

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

USE OF PYTHON 3.8.18 WILL NOT INFRINGE ANY THIRD PARTY RIGHTS.

84 Appendix C. & x}¢} glo]AlA



Extending and Embedding Python, & ] #] = 3.8.18

5. PSF SHALL NOT BE LIABLE TO LICENSEE OR ANY OTHER USERS OF PYTHON 3.8.18

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

MODIFYING, DISTRIBUTING, OR OTHERWISE USING PYTHON 3.8.18, OR ANY.
—DERIVATIVE

THEREOF, EVEN IF ADVISED OF THE POSSIBILITY THEREOF.

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

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

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

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

trademark sense to endorse or promote products or services of Licensee, .
—O0r any

third party.

8. By copying, installing or otherwise using Python 3.8.18, Licensee agrees
to be bound by the terms and conditions of this License Agreement.

C.2.2 BEOPEN.COM LICENSE AGREEMENT FOR PYTHON 2.0

BEOPEN PYTHON OPEN SOURCE LICENSE AGREEMENT VERSION 1

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

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

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

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

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

6. This License Agreement shall be governed by and interpreted in all respects
by the law of the State of California, excluding conflict of law provisions.
Nothing in this License Agreement shall be deemed to create any relationship of
agency, partnership, or joint venture between BeOpen and Licensee. This License

(Th& sl AT ol AS)
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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.

7. 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

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.

2. 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."

3. 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.

4., 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.

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

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

(Th& sToAT ol A%
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with respect to Paragraphs 4, 5, and 7 of this License Agreement. Nothing in
this License Agreement shall be deemed to create any relationship of agency,
partnership, or joint venture between CNRI and Licensee. This License Agreement
does not grant permission to use CNRI trademarks or trade name in a trademark
sense to endorse or promote products or services of Licensee, or any third
party.

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

C.2.4 CWI LICENSE AGREEMENT FOR PYTHON 0.9.0 THROUGH 1.2

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

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

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

C.2.5 ZERO-CLAUSE BSD LICENSE FOR CODE IN THE PYTHON 3.8.18 DOCU-
MENTATION

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

THE SOFTWARE IS PROVIDED "AS IS" AND THE AUTHOR DISCLAIMS ALL WARRANTIES WITH
REGARD TO THIS SOFTWARE INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY
AND FITNESS. IN NO EVENT SHALL THE AUTHOR BE LIABLE FOR ANY SPECIAL, DIRECT,
INDIRECT, OR CONSEQUENTIAL DAMAGES OR ANY DAMAGES WHATSOEVER RESULTING FROM
LOSS OF USE, DATA OR PROFITS, WHETHER IN AN ACTION OF CONTRACT, NEGLIGENCE OR
OTHER TORTIOUS ACTION, ARISING OUT OF OR IN CONNECTION WITH THE USE OR
PERFORMANCE OF THIS SOFTWARE.
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A C-program for MT19937, with initialization improved 2002/1/26.
Coded by Takuji Nishimura and Makoto Matsumoto.

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

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

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

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

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

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

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS
"AS IS" AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT
LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR
A PARTICULAR PURPOSE ARE DISCLAIMED. 1IN NO EVENT SHALL THE COPYRIGHT OWNER OR
CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL,
EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO,
PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR
PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF
LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING
NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE OF THIS
SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.

Any feedback is very welcome.
http://www.math.sci.hiroshima-u.ac.jp/~m-mat/MT/emt.html
email: m—mat @ math.sci.hiroshima-u.ac.jp (remove space)
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C.3.2 27

socket BEL getaddrinfo () & getnameinfo () T4+ 5 AFR YTl o] 5-& WIDE Project, http:

[lwww.wide.ad.jp/, A A & EE A2 3tY =2 I 5] 5T

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

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

modification, are permitted provided that the following conditions

are met:

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

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

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

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

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

C.3.3 vlE7] &7 A

[>

asynchat3¥ asyncore R 52 th33 22 F9 AMS 233U

Copyright 1996 by Sam Rushing
All Rights Reserved

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

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

%
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C.34 F7| &=

http.cookies REL T} 28 59 A3 TR Th:

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

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

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

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

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

C.3.5 A3 >3

trace BEL U2 2 39 AL EFLH

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

Python 2.2 license.

Author: Zooko O'Whielacronx

http://zooko.com/

mailto:zooko@zooko.com

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

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

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

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

Permission to use, copy, modify, and distribute this Python software and
its associated documentation for any purpose without fee is hereby
granted, provided that the above copyright notice appears in all copies,
and that both that copyright notice and this permission notice appear in
supporting documentation, and that the name of neither Automatrix,
Bioreason or Mojam Media be used in advertising or publicity pertaining to
distribution of the software without specific, written prior permission.
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C.3.6 UUencode 4 UUdecode 3+

wu BEL The 3 2 79 S EPTh

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

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

Modified by Jack Jansen, CWI, July 1995:

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

- Arguments more compliant with Python standard

C3.7 XML YA Z==2AA 5&

xmlrpe.client RES TheT 22 29 A3 e

The XML-RPC client interface is

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

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

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

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

%
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C.3.8 test_epoll

test_epoll RES b3t 28 79| AL ZFFUh

Copyright (c) 2001-2006 Twisted Matrix Laboratories.

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

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

THE SOFTWARE IS PROVIDED "AS IS", WITHOUT WARRANTY OF ANY KIND,
EXPRESS OR IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE AND

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

C.3.9 Select kqueue

select BE-2 kqueue Q1 E 3] o] 2ol thal The 3} 2 9] AgHS ERFU T

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

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

modification, are permitted provided that the following conditions

are met:

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

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

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

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

OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT
LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY
OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF
SUCH DAMAGE.
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C.3.10 SipHash24

39 python/pyhash. ¢ ¢+ Dan Bernstein ®] SipHash24 €17 2] = 2] Marek Majkowski 2] =& o] 3Z 35| of
AsUT A7)l = thF 3 22 W&o 2FH o] s

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

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

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

Original location:
https://github.com/majek/csiphash/

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

C.3.11 strtod 2} dtoa

C double 7} 219 71o] H3S 93 C T4 dtoa &} strtod S A|-Z 5= <Y Python/dtoa.c = X
http://www.netlib.org/fp/ ol A A& 4= 9J+= David M. Gay 2] 7‘0 o] £ 9] 3} Y oj| A] A 95t} 2009
W3d16¢o e Y& gdfl =t 22 Asd ¢ lﬂ'ol/‘ﬂé FA7F 23E o] JF YT

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

*

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

*

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

*

* Permission to use, copy, modify, and distribute this software for any

* purpose without fee is hereby granted, provided that this entire notice
* is included in all copies of any software which is or includes a copy

* or modification of this software and in all copies of the supporting

* documentation for such software.

*

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

WARRANTY. IN PARTICULAR, NEITHER THE AUTHOR NOR LUCENT MAKES ANY
* REPRESENTATION OR WARRANTY OF ANY KIND CONCERNING THE MERCHANTABILITY
* OF THIS SOFTWARE OR ITS FITNESS FOR ANY PARTICULAR PURPOSE.

*

***************************************************************/
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C.3.12 OpenSSL

2 E hashlib, posix, ssl, crypt = 23 AAZE AT 5 A s 719 A5 $1 3 OpenSSL
glo] B g] & AFSE ) Tk 529 W OS X o] A A X L2 732 OpenSSL 2ho] Hefg] AHES
T glong o7 OpenSSL grol Al A S Zesh )

LICENSE ISSUES

The OpenSSL toolkit stays under a dual license, i.e. both the conditions of
the OpenSSL License and the original SSLeay license apply to the toolkit.
See below for the actual license texts. Actually both licenses are BSD-style
Open Source licenses. In case of any license issues related to OpenSSL
please contact openssl-corelopenssl.org.

OpenSSL License

Copyright (c) 1998-2008 The OpenSSL Project. All rights reserved.

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

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

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

3. All advertising materials mentioning features or use of this
software must display the following acknowledgment:
"This product includes software developed by the OpenSSL Project
for use in the OpenSSL Toolkit. (http://www.openssl.org/)

4. The names "OpenSSL Toolkit" and "OpenSSL Project" must not be used to
endorse or promote products derived from this software without
prior written permission. For written permission, please contact
openssl-corelopenssl.org.

5. Products derived from this software may not be called "OpenSSL"
nor may "OpenSSL" appear in their names without prior written
permission of the OpenSSL Project.

6. Redistributions of any form whatsoever must retain the following
acknowledgment:
"This product includes software developed by the OpenSSL Project
for use in the OpenSSL Toolkit (http://www.openssl.org/)"

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

NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES;

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

HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT,
STRICT LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE)

FE R ST T S N S R TR S N S S S S S S N S S e T S S S S N SRS N S T S T S
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ARISING IN ANY WAY OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED
OF THE POSSIBILITY OF SUCH DAMAGE.

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

L R

Original SSLeay License

Copyright (C) 1995-1998 Eric Young (eay@cryptsoft.com)
All rights reserved.

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

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

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

the code are not to be removed.

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

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

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

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

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

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

OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT
LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY

ECRE T A A I S S N S N S S SN T N S N N . I T e N S N IS S S S N T N N T S S
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* OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF

* SUCH DAMAGE.

*

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

* [including the GNU Public Licence.]

*/

C.3.13 expat

pyexpat 82 W & ——yith-system-expat & FA 34| &= o E3H expat 22 AR S AL

shol =g ok

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 @FL WEE ——yith-system-1ibffi B FASA 9= 3t 3 libfi &2 AHES AFR

shof =g ok

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

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

C.3.15 zlib

21ib L A2 H oA WA dib Ao YT eefs o] A o] A8 4 glow,
A2 Abg el e U th

ki
i
i
N
S
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 o &8 A= & Al Hl o] 22 & -& cfuhash Z2 A EE 7|Hko 2 St}

[kl

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

(Th& sl AT ol A%
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from this software without specific prior written permission.

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS
"AS IS" AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT
LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS
FOR A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE
COPYRIGHT OWNER OR CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT,
INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES
(INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR
SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT,
STRICT LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE)
ARISING IN ANY WAY OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED
OF THE POSSIBILITY OF SUCH DAMAGE.

C.3.17 libmpdec

de01mal % W & ——with-system-libmpdec & 74 3}A] ¢+ Sk, 234 libmpdec 42~ AFE

2 ALgstel MEPUTh

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

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

C.3.18 W3C C14N g2 E A ¢ E

test 7] X Q] CIAN2.0 H|~E A9 E (Lib/test /xmltestdata/c14n-20/)+= W3C ] A}o] E https:

[ Iwww.w3.org/TR/xml-cl4n2-testcases/ o A 7FA 22 v 3-7 BSD z}o] Al 2 o] vl 5 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
following disclaimer.
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* Redistributions in binary form must reproduce the original copyright notice, this list of condi-
tions and the following disclaimer in the documentation and/or other materials provided with the
distribution.

¢ Neither the name of the W3C nor the names of its contributors may be used to endorse or promote
products derived from this work without specific prior written permission.

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS
“AS IS” AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED
TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTIC-
ULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE COPYRIGHT OWNER OR
CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EX-
EMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO, PRO-
CUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR PROFITS;
OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF LIABIL-
ITY, 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. Z3d 2z E o] Tt glo]AA L 59l 99



Extending and Embedding Python, & 4] #] # 3.8.18

100 Appendix C. & x}¢} glo] A A



APPENDIX D

sho] 3} o] WA
Copyright © 2001-2023 Python Software Foundation. All rights reserved.

Copyright © 2000 BeOpen.com. All rights reserved.

Copyright © 1995-2000 Corporation for National Research Initiatives. All rights reserved.
Copyright © 1991-1995 Stichting Mathematisch Centrum. All rights reserved.
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