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2.1.1 ZHEhsh o

spam(Z | vpo]d A5 o] 7HF Foldte S 4 ) ol A BE s WAt 12 a C 2ol B g
4 system () o) gk sho] A QB H o] 25 SN ATk FAITH. o] e d T8 FAES AAR
Hota AeE gyt 2= o] I E thed Zo] FojHM e o JE At

>>> import spam
>>> status = spam.system("ls —-1")

spammodule.c HUE VEE ALE NHHANL. (VR 25 spanc| o2 3, Y -4
I =CgYge spammodule cgt gt} 2 E o]5 0] spammi fyA H ¢ Z2WH, RE o] 5L 1
spammify.c?—j —’F— d54yth)

B He T 2L eyt 2HyTh

#define PY_SSIZE_T_CLEAN
#include <Python.h>

o] 22 shol A APIE 7HA S UTHABTIA 259 B4 A2d B8 AFsE 742 24845
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Fa: spojlo] AR A|A~H] FF F Yo TS v A= IR DA 7] & FAT 5 oA, &2E
357} 235 7] Ao ¥t= A] Python.h& Z 33| of 3

Python.hS Z&3}7] Aol A PY_SSIZE_T_CLEANS Ao 3t= Aol L5 UTE o a2 3t
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F33st}: <stdio.h>, <string.h>, <errno.h> % <stdlib.h>.
o, g malloc(), free () Y realloc ()& AH AdIU

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

const char *command;

int sts;

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

sts = system(command) ;

return PyLong_FromLong (sts);

}
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2.1.2 9tZk=: oll2{} o<
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Hes O:]]ﬂ-/] (AHH F) (raise

vlol AE Zelg AA A Fa3h T‘fi‘% o2 @%
o 8] ZH(HE NULL Z 01 E])-S u3}s) o &

o] W=7} NULLo] ™ of| 9] 7} A &} A] of

of gt F WA A2h-& AUt # = 5}
olaio] & YL o] Al & sys 0 Ayt gistC 55 YUt (Il
grolB g g FH A2 Q= BE sysoll et AAES FRIAAAL). dl# 7 oA AL =2] o]§) 3] 7]
A= o] Eof il OP— Zlo] T3tk

v}o] M API= T} st g o] o 9] & A A 317] 9%k o e] g5 Ao

7Hg WA Ql A2 PyErr_SetString () U th AAE o8 7“x119‘rcfx}°ﬂ?ME} o 2] AR =

HEpyExc_ZeroDivisionError8t Z-2 njg] AojH A YUt CEXLL oo 92d& Ve
sold £x1e AR = W of sl e] (AT &) 02 A3F UL

= q—a 783 = PyErr_SetFromErrno () YUt} o] st o 9] Axput 3t A
/\}6}01] % S AL 71 dukA J 34 pyErr_SetObject () ©]
7H«1 AA AAE H k. o2 3 ol AEH = AA S Py_INCREF () & B2+ flsyth
PyErr_Occurred () 2 o7} A= o] =4 v st H o g AAE 0‘%14 E}. AR o2 AA
o] 9] 7} WA B A) 9Fgko W NULLL WFE3hy o). vkt %MW & = Qlojop A YkA o & T T E oA
g7} FA A=A &8l 7] 93 PyErr_Occurred() S TE2T Q= Q5K ‘/]r/]'

JR"“

OE @ s TS T f7hgS A E AN wl, £ AA 7 ol g (S NULL O] -1) & Wbkl of
SUTh PyEre_+ () @4 5 SUhE 52314 Skobok S th— gol o8 o] m] EEH LU T e fo
TEAE A PyErr_* () & Qlo], AH4le] T &AM A] ol 8] A€ e, o] & 4] A o2 A% Lr/}i
7MY T — ol e & 71 WA A g ol o 3l ol Y 7 A g A o] ]U] ERETAS R B =
At o 7} ghol A A Z e 9] A Eioﬂ 25, dA) A8 =9l glol W FEE st gol A
2 a7t A s Oﬂﬂ A 71E ey A=)

E9| AAZ t}E PyErr_* () TFHE TE31 © AASE A WA A E BATE 5 Q= AAFo]
’\1/]1:} 8w 28A k= Aol 5 UTh 2, gutEd pHo R o= A8 3HA &, gt
WA St = W ol A HRE 30131?474] YT g RE] AL tpFst o] f 2 AT 4+ dF5YTh)
A g S22 HAFE 2 S FASE Y, PyErr_Clear () & $&319] ol9] 24 & YA FHo=
AP gyt C iE7}PyErr_Clear OEEEdNotsleE FESul= A HE A Z g AE3HA
3 AxF RAE] HEdte il e A dUth (ot T E A A3t A Y, ol R A ZRE A k2
23 A).
2E A3t malloc() T "ﬂﬂi g]—ﬂo]o]: 6h/h’%*fnalloc () (EErealloc ()9 AH &
EAe ~22 PyErr_NoMemory () & S 23l Asf A 718 whaksfof it 22 7“141 34 g
(el & E°l,PyLong_FromLong ())+ ©] 7] o] &S FTHFEE, o] £ =malloc ()= AH TE+=
T Z Aol Al gk 3l gy o}

TS PyArg _ParseTuple () I L IFES £R3 A JE =gy

£ A9 ok, 4 AEE T
HHEHSEa, A3 A 1€ uHEkg ok

mpAuto 2, of 2 #4718 e uf (o] v THE A Py_XDECREF () Ut Py_DECREF () & T &3}o))
7Ha A& A g a4 A L)

ol oo] £ TAYA LA = AAH 2 o] AdYth EE WA hold o 2] & Fat= /‘}24 i

23k
A SR AN AE A G 0

C A (7}= PyExc_ZeroDivisionError) 7} =4, 2 zq A dF UL EE, A9 & d YA
AdsoF Bt — UL d 5 922 Foh v byfixe TypeErrorE A8 WA 2 (ohuh
PyExc_IOErrorojof @duth). Q1A H5of £A| 7} 910 ™, PyArg_ParseTuple () ¥5E A3 o=

PyExc TypeErrorE WA Al 7] U T}, %ALO] S 1 Hell slojoF AV o 27 WSl of 3=
QlAF7F Q1o W, PyExc_ValueError7Z} A g ).
2Eo 25BA A2E BT+ Ak o8 A3, ANH T 34 A o] B AA W4T

Addynt:

static PyObject *SpamError;

a2l 25e] 2713} @ (PyInit_spam()) ol o9 AA| 2 273}ttt
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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;

of| 2] AA| ] Flo]H o] EL spam.error Yol F SN A L. PyErr_NewException () &4+ (NULL
A & ZEP 27 AEE A &= 3 v o] 2 Z 3 2 7} (bltin-exceptions o A A H) ExceptlonOT =
~8WE S JEUT

SpamError HE4E A2 THE0] 3 o] S 2ol th st

FEE HAGNE FAFAAL; 0l RS JEH
Yrh o) % sE o5 o9l 7k mEel A A AR 4 97 W E

ol F 227 214 4 Spanrroz7} W&l

(dangling) 32 1 E| 7} & 7] 9} =5 52 r’JV\Oﬂ e F2E 42GT a7 g Unh g A7}
), o] 98 AN FEC RES} o] BE b o) m5hA) e R L Ao £ vt

o] A Z o] FI R Eo|A PyMODINIT_FUNCE 3+ Hlgigo g

A
k22 Zo] PyErr_SetString () & &5 5t B¢ 5| A spam.error o9& LA Z 5 A5

o}:

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. M|Atx} =3 Qi0| &%t QLS|
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2.1.3 GiRIZ E0}7}7]
oA 52 Eol7hA, o)Al of e He o] B ola & 4 glojof T Tk

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

IR} BEof|A] o8] 7} W AT A PyArg_ParseTuple () o &3 A Xq% | £] ol ©] & 8HH A NULL(Z A
FZRJAEHE RESst= 49 ol BA7) & WUt 2384 ko A 2k gho] Ay W
command®] HAFE FFUth o] 22 E1H ol 7he] 7] &= tx}"é%—?ﬁ A= <k H Yok (TekA
£F ColA, M4 command+= const char *command® &HFE A A A= of oF ).

O 282 92 5 system () & T E U], PyArg_ParseTuple () oA @2 #AE = AE@th:
’sts = system (command) ; ‘

2 9 spam.system() &
PyLong_FromLong () &5E& AH&3Ho 01%2—01@145}-

’return PyLong_FromLong (sts); ‘

o] 4%, A AAE AU (o, AF2AE Fol oA § A AAJUTH)
F& 3 AAE WEEHA] 9FE C T4 (voidE Whghet: &) 7t dod, S ool g None
wheksf o gyt 28 A W o] A&7 E R JHE}(Py_RETURN NONE M| a2 & FAH Yrh:

Py_INCREF (Py_None) ;
return Py_None;

Py_None& £ 1}o]#® ] None?] C o] ¢ Uth oA B gSo], tfrRo] 43toA (o) =
3= NULL 2Z €] 7F oy 2F A sho] 2 A A Y U Tth
2.1.4 D EQ| HAE HO|ED} 7|5} &

spolf 22 IO A spam_system () ©] A BA TEFH A Ho] AT FEFPFUTE HA, (A=
Blol &) o o] 53 F4E vdsfoF gt

static PyMethodDef SpamMethods[] = {

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

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

Al WA &= (METH_VARARGS) o] &9 34 A1 2. o] AL A Z g EoA C &0 A/ 22 35 F3L
dHFE= ZPgad Ut gHlA o 2 A METH_VARARGSUW METH_VARARGS | METH_KEYWORDSS] o
Futh; 0 g2 He AHEH Al % PyArg_ParseTuple () W@ o] ALSH 2 2w Th

METH_VARARGS ¥ A& off, & 3ol M =& w7} 7} PyArg_ParseTuple () & 53
Ao 3 @H = FEZ AEE A2 ZIhsl o Futh; o] ol o 3 AFAIEE A K= ofef of A

719 E AAE Fpol el oF 59, Al MA = o A METH_KEYWORDS HIEE A A3 4 9]
o] AL C L 7|9 aqqaﬂa A HMH PyObject * Uj7] W& wrol5of oF gy}
4ol = PyArg_ParseTupleAndKeywords () & AFR3FY] AALE 18 EAAAIL

WA= Ho|Be 2E Ao FRA A Z2F ook gtk

0 off
o ofy ot {4

o o

U,
U
B

static struct PyModuleDef spammodule = {
PyModuleDef HEAD_INIT,
"spam", /* name of module */

(Th5 sl A el A%)
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(o1 sl o] A A A%)

spam_doc, /* module documentation, may be NULL */
-1, /* size of per-interpreter state of the module,
or —1 if the module keeps state in global variables. */
SpamMethods
i

A, o] T2 A= REY 2713 ol A OTE% ﬂﬂi A s o] of It 271?2}?% o] o] F&
PyInit_name () o]0 ok Ut} & 7| A name-2> &2 o] o|v, & st Ao H F L3 H] static
S meloTo} g
PyMODINIT_FUNC
PyInit_spam(void)
{

return PyModule_Create (&spammodule) ;
}
PyMODINIT_FUNC £ &4& pyObject * ¥l33 o2 MAdta, TPZo| Qs E4 3 HAL
AASH, Cresl S F5E extern "cr2 Al gol 59344 A 2
o 2 ago] HF 08 BE spames YXEE T uf, PyInit_spam() o] LEH YT (ko] A W7ol
A= ofef ol A AFFYth) ©]+ PyModule_Create () & £&3t=d, 28 AAE ML 2ZE
o) of| A 22 B o] & (PyMethodDef T2 A9 1)< 7|uto 2 Y3 T4 AASS A2 BHE BE
mngr PyModule_Create () € W<€ 28 AA o] & 2AHE IS F Utk 54 o2l 49
B A0l o e £ S0 AL, BES BEAYA 271518 5 9ow NUILS BB £ Utk 2713
e B AAE TS A o)A wkgksf of by th 22 sys.modulesol A4 g U Th
glo] WS WA uf, PyImport_Inittab H o] & & o] gl o™ PyInit_spam() 7 AT o2
SEHA GHEULE RES 273 " o] B 71318 ¥, PyImport_AppendInittab () & AFR311,
dudoz Tred BES QEE Byt

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)
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(o1 sl o] A A A%)

PyMem_RawFree (program) ;
return 0O;

—~

sys.moduleso| A @& A ASAY ZEZ M2 1 AYNYEH ZES 98 JdH=ZEHZ
S (E £ exce () B A AN A B fork() B 2 ) A0 98 w50 BALTAL 5

Utk S B AR R blol 8] S8 25l 708 8 el of e

it o

P

gL AF A oA BE] Modules/xxmodule.cE 3o a2 v E o] £3HE o] JHF T} o]
S AET 02 ALEE AL Bes AAE 92 4 AU

Z1: spam A A 2} 2] xxmodule2 THAA & 7|3} (muldti-phase initialization)(30] % 3.5 22 7]%)
E A&y ). o] 7141 & PyModuleDef - Z A 7} PyInit_spamol A Wt8E 17, BE AL A Z E Z X}
TAG YT oA 2 7] 3o o g 244 S 82 PEP 4895 IR A] 2

A28 -2 AEE) Aol S0k & F 4R o] o Ytk AnAT shol W A 2H e B
54 298 AEAE, AR AGE A 2ol AR A 21 ~epdol net ek + g Uk 34
RES UL Aol B F(CH Crr 9P W= ) AT A=) BhE AA D A B oo
DR T/ AR (APl A C2Crr 9 UEH] B) B BRI L

FAEGS AT T YA EES Fold Az HY A FRECoE BEHW, A 282
WA A ZEE oA EM oY th & AL, o] AL FH20A vl gt &S+
A2 82 Modules/ Y HE o] Y (o & £90] spammodule.c)S =1, Modules/Setup. local
ol o HEY 3L S V&3 S ES FHAAI L

a8 A v EE g o A makeE A5t AE]ZFEE thA] A EFA A L. Modules/ A H T
A E g o A makeE AP T + & 2}11 uh, WA (make Makefile’ & 4l ) }04 MakefileS T}A] ¥l =3 of
= 5
o,

GHJI‘/]— (0] AL setup LS 283yt
R 3 FrtetolBE |7t B8 5HH, o] A% 74 3149 Eel UgE 5 AsUth dE 9

spam spammodule.o —-1X11

2.1.6 COIA m}O|M St

ol
[I}]
ol
N

A F7HA] ol M C T E TET 5 JEF st= d AFIAFUTE 2 W E F83th: ColA
Spo A G . ol AL B3l (2 S ANt holue el Ao G C 2
Hslol 2/l FUE AL A, FET oA FF kol A Zz e vlol A B WAUE S A g ot
FARA A UTH T CZUAA o 8 TH G4 E SEHoF GG OHE BEE AT 5
ENETES

thg 3], sol M B Z B+ AR CE A TEHH, sto]H T4 E TS50 BT dHH o] &7}
SlerIth (54 £ALE Q0% sjol 8 A E B2k W0l thal A th#A) shals o — Aol
Johd, gpo] W A FEo| A Modules/main.cd —c H8 & 34 FIS AHEAHAA L)
Shol#l B4 FEEI1S LU WA, oA T2 1L o LA £ of o] Hol A sl A B A4 T
A of FUth o] & 8] T (Ew thE AE T o)) E AFsH ot o] 57t of, A Y
AP (e ool B7]o AZ3E 3 ojroih o o] d T4 AR o] et ZAHE AFSH AL
(Py_INCREF () 8}l oF 3h= Zlofl Al 2)). ol & Eo, thg &5+ B8 F Y 47 5 syt
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static PyObject *my_callback = NULL;

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

PyObject *result = NULL;

PyObject *temp;

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

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

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

3

return result;

°] &= METH_VARARGS Z | ZE AHg-sho] JIEjZ 2|0 S5l of duth; o] A2 Ad =
Hl o] &3t 2 7] 5} ghofl A= o] lFUth PyArg_ParseTuple () &9 2219 A=
A7) R =287 Aol ArE o syt

o 1o
oo =,

B>
2

=

=

5}
=

W3 & Py_XINCREF () & Py_XDECREF () = AA| ¢ = %1—?% Z7H A A
o bAdUTh (2 o] W ol A temp+= NULL©] 0}% of st Al L) A Tz S50
ZpA| 8 A B 7F A5y o)

Ul drE 553, C ?: PyObject_CallObject () & T&%
O]_E1];E—$ delol spol A o that 2AH AYrt: sfo]d o=
dol7k Axpe] £l FZ AA o oF FUth QAL glo] sfold FE T ESHH Y, NULLO]"]’
AESAAIL; shte] AR Z T &5ted, & 5 FE2 AL L. Py_Buildvalue()
TAF o]l FZ Abolof 07 o] Fe] 2 FER FAEHAS W FES FHUL A E =

23
(o tlo

om
L30

==
1o
rO

[*]

F

=
Fel nf oot X,

SE o o 3

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 () & Jo| % AA 2AHE 93T UTh: o] AL Jojx o w3t gk
AUt} PyObject_ CallObjecu = A2t A (TR A FHA) QUL o] g AE=
PyObject_CallObject () && ai Py_DECREF () H £ AA HF 22 AMST A o] THEo A
S4Uth

PyObject_CallObject () 2] ¥F& gk (A A >><;g1/] c A A2 AR o) A Az 347} =713k
71 AA Gyt weEbA, L°ﬂ Hof] A ste] = 20l OW_ St A AR (E3]) 2 el Ed o] ld e =

A& Py_DECREF () 3l oF gt

a2, o] Y-S 3 EH7] Aol vbsk gho] NULLo] obd A] gels] of gtk Iy v, shojd de
9] & W A1 A 228 A YUTh Pyobject_ CallObject () 2he C ZE7hsto| oA &5 vk
oA ol TE AN A ol 2] FA|E WSk, QI H 2] 7}/‘5“ EfolaE At AY T & 8hE o]
HIAETLYE AT = A== FuUth oA o] B7Fsst AU v 8HA] koW, PyErr_Clear ()

E 325t A E Aot & 9
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if (result == NULL)
return NULL; /* Pass error back */
.use result...
Py_DECREF (result) ;

gho]f F gha=of o5l Pl Qe 3| o] 2of ulel, PyObject CallObject ) of] Q1A B2 S 7| 23] oF
5 YUt wol et A B2 F9 35 X F S 22 AE T o] A5 Bl Sto]H & I A
AsgUch 18 oh3 T A eF 22 ‘%“423 X%Z‘E}ﬂ AHEE 01"141?} o2 Afels, A 55
o8 AN FES FAMF T = s Uth ol #A sh= 7HE g Y2 Py_Buildvalue ()
E3E = AYQUTh dlE £, g oWIE =& ALY, thS Z=E AT F U

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) ;

T AL, o8 A A Py DECREF (arglist) ] s Xo] 49 & Al 2! T3t o AsHA D3ld o]
FE7 A A %}3 o= Fo AL Py_BuildValue () o] MR 7} £ 5 glo] A Z<ls oF
Eatiag

2 2te} 7)1 Y= A RS A PEHE PyObject_Call () 2 AHE 3] 71 PE A = d4E 52T 55
A5 UTh 99 oo A etto], Py_Buildvalue () E AHR3le] 9 S AT TH

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 2% 0|l M o7 Hae FE517]

PyArg_ParseTuple () ¥+ 23 2ol AAH Yrh:

int PyArg_ParseTuple (PyObject *arg, const char *format, ...);
arg A7F= T WA A C B2 AR & A2} B2 0] 2FE T2 A7 o oF FU T} formar A2be EH
27} o] o] of Bhu], B3-S Sho] H/C API ¢ 5 A 2 v ¥

o 9] arg-parsing°f] A o] YlFUH. YA
AR = 2 FAL ol ool Fo] ZAH = W] Foook .

PyArg_ParseTuple () & T}o] X Qx}7} @ 5 = 2 & 7k
B AT S JFUTh AFE Y, ZE7LFEFAU o= 1
a8y RASHA Al L

SEAANA Ags = BE gl AA FRE U2 (borrowed) F2 A FoHA 2 Fx2 A+E
Z o] A] U Al 2!

o =
:1

% 7HA oA B E

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

2.1. CL| C++2 I}0|M &&t517| 13
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int ok;

int 1, 3;

long k, 1;

const char *s;
Py_ssize_t size;

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

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

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

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

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

f('spam')

f('spam', 'w')

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

int left, top, right, bottom, h, v;
ok = PyArg_ParseTuple(args, " ((ii) (ii)) (ii)",
&left, &top, &right, &bottom, &h, &v);
/* A rectangle and a point */
/* Possible Python call:
£(((0, 0), (400, 300)), (10, 10)) */

Py_complex c;

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

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

2.1.8 23 S48 U8 IS 47 W

PyArg_ParseTupleAndKeywords () &+ o233 Zro] A A Yr}:

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

arg®} format W] 7Y M= PyArg_ParseTuple () 52 S L&Yt} kwdict v} 7)) H 4= 3}o]
Lol A Al HA 7] M2 A% 719 gAY gyt kwlist vi7) W= vi 7] ¥
AL NULL T8 55 YU ol 52 dFoX LEH O 2 formare] @ B H L} A

o
T
£
0>' 4
oi
ol
g_EL
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#5h3 4 A% ol 9]

t

PyArg_ParseTupleAndKeywords () = ZS ¥l8sl 1, 228X ko AR

A AR T

rE

Fa: ZIERJAE AT O THE FES FEEATD T J5UTH kwilisrol] gl 719 = wi7) |71
zZ

H
AGE A TypeErrorS WA A AU th

T} Geoff Philbrick (philbrick@hks.com) &] G| A & 7]¥F o & 3} 7] =& AR5 oA &Y}

#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

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

2.1. CL} C++2 TIO|M &Hx+5}7| 15
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219 Q9|9 gy& A 55}7|

o] 4 PyArg_ParseTuple () 9 ¥He] QU Th Thg.3} 2o A AH YT}

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

PyArg_ParseTuple () oA 91415 & A3 S AFE £ 9 09l A3 ALFA T, A @5 2ol
SLU1el 2192l 1th & ECIE1 7 o lof 24 ghololk ELIT), Shol o4 52 8C gl A el
A A sto] 2 AA & NI Tk

PyArg_ParseTuple () er,,] 3 7} A] Apo)l A T A= A HA QA7) FZ o] o] of &FA] wF (TFo] A 2l }
EE2Oo A YRAoT E 2357 IIH—‘?—?:] Uth), Py_Buildvalue () = 344 FES A A=
STk T B Ao E ol o] ok o7 T e 5oln L U= sy, ok Fajelol wo)
9109 None WHEHth; 83 shite] Zul w9 E EH W, 25l0] Fdol P £ B s}
Aeshs AAE R 2771001} 19 BES AAE HHHEE e, £9 2GS Ao
Tﬁ‘ O A) /\]_,_
A (AEF-LE ZTE0laL, LEEFLS I oA YU Th:
Py_Buildvalue ("") None
Py_Buildvalue ("i", 123) 123
Py_BulldValue("lll", 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_Buildvalue ("s#", "hello", 4) 'hell'
Py_Buildvalue ("y#", "hello", 4) b'hell!
Py_Buildvalue (" ()") ()
Py_BuildValue("(')", 123) (123,)
Py_BuildvValue (" (ii)", 123, 456) (123, 4506)
Py_Buildvalue (" (i,1i)", 123, 4506) (123, 456)
Py_Buildvalue("[i,i]", 123, 456) [123, 456]
Py_Buildvalue ("{s:i,s:i}",
"abc", 123, "def", 4506) {'abc': 123, 'def': 456}
Py_Buildvalue (" ((ii) (ii)) (ii)"
1, 2, 3, 4, 5, 6) (((1, 2), (3, 4)), (5, 06))

2110 &= 514

Cu Ct 8 22 QA ofoll A, ol A v 2 2)e] 52 St @ 3) 4] 8k e = e 7h gi gt C
M=, malloc () F free () TFE *P*"Lo}oi °] AJdE +A% er C++°1Wu A4FA} newst delete
CudRes gL ous A8H Pelt AdnL £og 0 A pE ATIAGUY,
malloc() 02 YHE HE WRe] BEL free() & HE3] F Wl 553k0] A8 7hs @ vne] S
250 F4E domBAY, fr

oz
Jd

HL3lE] o] of FHuth A Ao free () & TE8HE Aol =T B2 ee ()

%E‘Z%%}X} dod z2 o] FRE wj7tx] EES AA = WERE H/\F‘““F ReUth o)A

W 2 2] 5+ (memory leak) 2}l ?:MDP Wk o, Jil"f%] B2 U3 free() S 323} BEES

A AL5d, 2 malloc() T2 L E3 E=2S XH/\}*Q-U‘UH v% | B8y o) o] 2SS A E o = g

/\}%'6}71 (using freed memory)FJW gyt 27135 A G2 dolHE FxeE= A 22 YR A9 E
T .

Mool el AU e TEE 5 6444 A2 AU AE B, BoE e 2o
TS, o f AL Tk, BES OA AT 5 AUk oAl G50 e 27 Mg o] w7 of
oA £AL FASHE Aol o AAHE 745 G4k 270 HBE 5 A=F Gtk o £7]
922 2ATw, 55 Uge] =] 2749w, @EH e B22 A AL dolu Y] 4%
ok ol s b rt A uEoAw $5 e WG GAH A S Th ol e B2 AA T2 A2
BR o] g o ol A v, vl 52 0] 24 Al ~Ele] = Be A M e 7} ol A, 5 b e s AF
Mg e 28 AR £ =2 A 20| A v sk b o whekA, ol | B 59 o6 E =Y 4ol
Ak B3l FrhIASHA e B ol T g
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i

-
e rlo

malloc () 3} free () & Wol] ALE317| w2 of], W28 o A E WE e AHEES T3t
o3k AHE & F2R 35 M 7] (reference counting) 2kl FU T @8+ AUt &
FEE 283Ut 7FE& AA gl g 271 ojd 7o) AE w) S71star, 271212
ol ZFE 7L 0o =3hd, A A of of g upx] et F2 71 AFA o] A A 71 S Al E Yt

S 245 748 A =] (automatic garbage collection)©] 2t U T} (W 2=, IFZ 34 A 7| &= 718] A
olgtil s A, F 7HA & FHEH7] Al (AHE) & B A5 UTh) AE HEIA SR 9 b E
§4P} frec () B BAAOR 5T B9 ATk A % oA SE1
Seo) Mol AW — o] AL AT e AL o] o LIEE) THAS COl AP 2 85 A 7] o] 44

T AARE(Fmalloc () Ffree O EAZE A= d—ol= CHEE0 BATYD,
4 gle A% A 28717 Aok AU th AR CE 8] B2 o] 44 = 4T
715 AR 4 e AdUTh 2w 7HA], -2l FE e @A Aot d A YT

pes

A7) TR LA W, B2 B AA e

U\Ji-",_lwz
é_o,r?:
Ir
N, ko

1,

B>
9_@[‘

A

)
5

>
In)
&
v}
rlu

B X

A

Yrlo
>

X

i 30 B ooy & B N &
o
EICA |
[o
_[

>
2

LY
O e

N
N
R
X
>
o > o

rr
Y,
or
>
o
BN
Mot
o
=
>,
ofo
Ql‘,
£

T AE7E /IR 8 |8 5 AdFUL gc BE2 74 AdEH o]}t A8
A7kl &2 71 & v @A F st 7w oty et & 71 & Aot W (collect () ) S AT F
Uth <3 227494 34 S48 5gUth 712802 x3E o QAT U2 S5 (H
OS X £3H 9] configure 2T HE | ——without-cycle-gc A AF-&5lo] = Al v @43} & 4

Py_DECREF () + 315700 2239 A & Al 8171 = Pt FAS 93, free () & A 553}
A Utk — Al A B A (1ype object)l| = T4 ZAHE T3 T2 FUch o] £ (L 718D
= 98 e AA =T F AA ] g LA = 23H

ojAl & AEo] gEuth: AA| Py_INCREF (x) 2} Py _DECREF (x) & AHE U712 WA & 717 o] &
a5 U o= AAE (£ (owns)) SHA] k5 Ut 1 28, A A 9

<

reference)@ 5 A5 UTh. AA ] Fx A5E oA o) A NI A2 E 258 £ 2 A ALk F=
4fAE B #2271 A2 87 92 v Py DECREF () § SE3oF gtk #28) £78 FET 5
Rguth 243 B2 E QRS A 4 Pl %tk A, A% U Py DECREF () 2F. A%

H2E ARSA o e F47) AT,
A7) ol &k F2E L= (borrow)’ 2 745 Fieh F29] o] 2} (borrower) = Py_DECREF () & 5%
AL b HULh tef At MY A ARG 2o AR B S FU 2447 AR 5
WA G2 T ASE HAD W el S AT G0l ol A Arh s ok T,
Hzx afol NP W Bel7)e] ol AL TES BRI B RE YRl F2E ALY DL ke
AdUth— 3, 012 FEE AR £7] F2 Ao] £59 FFo] GFUTh L7 5 2ol vl
Welt 29 gL, duslols SuE SEAT, WHFE AR AAZE FRE ARW T 0
27 A8 4 Qe v EE 4] ek AYyTh
W BxE Py INCREF () B EEF0] AR FEE WAT 5 A5 U o FEE 0L 2449
AEjo] FFE W AA Rt — A2 e 4RE FXE VET, AR 484 AU Rol g (o] A
ARAHR o e A 2R A BRE SuhEA X3 oF FUTh

232 (2] (borrowing)) S5 A3 k2 A GUth 2 4AHE o 13 B2 RS AW gt

Sz A5 oA Felshe AL AFehA vt — B2 A5 AN AAD B 2ol Ag 5 Aol A e AR o]

2~
AAEE = dFUTH
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AQH 7

A7) 27 Y5 AT ADD Wuich, 2 fPe] FE9) YA ALY LA 137 FLA G4 A

s o] 2= WAl o] A%

Aol H F2T BBHE JREY FrE 2§ 259
(

o
= .
PyLong_ FromLong ) °o]Y Py_Buildvalue () & Z2 A A= ‘?J’E‘C NS 7 RE S E=4F
ZF AR o gk A Fx9
=
=

AZ FAANA ALddUch AR 7 AA 2 A AA 7L by H et o 18] 3)
Fde dFUH & 9], PyLong_FromLong () < &3] AF&5 = 3o 744

Feof st 2 E ek 5 5yt

0E AN AAE FEcte B2 -5 T2 A 242 ASF YUY dE =

©] PyObject_GetAttrString(). Ty B 7FA d¥EA QA Fdo] o go]7] uf & T9

o] W§ &332 &5t} PyTuple GetItem(), PyList_GetItem(), PyDict_GetItem() ¥

PyDict_GetItemString ()2 RE 5Z g2E Tt dAygdi] 2a F2E v3sh).

=4 =2
PyImport_AddModule O T AAe vt 4 & s ¢ JAT LA FRENEFT Yo
AR o Th8F 273 FZ 7} sys.modulesol A &ZE o] Q17 wj £ 715

o,
N
W
T
N o
v
o
|

AA FZ2E o2 g0 X*D‘%LHH AR o7 S oyRoz = Az=E
A 73l oF 3}¥H, Py_INCREF ( /\}9—6}04 5 4 x}ﬂ HUth o] &= F 7HA 583 o2 7}
AU TH: PyTuple_ SetItem ) 3} PyList_SetItem(). o] ¥ E2 AZH FE U 25dE
HAgUtt— AA A stEetx! (PyDict_Setltem() B I AFEL 2 5dE AR g5t —

ol (44 duth)

C g7l el T4 u, EEX}E Bl £ oxtof tist Az & WY Utk SE A= A A o o gt
HZ2E 4R Wi, ¥ 3z 9L g4 ansd uizbx 2P U o)y FxE
A s AY Ads)of & wj vk Py_INCREF () & £&3to] 273 F 22 whSojok gy}

slo] WMo A TEH C oA vtstd A Iz = 273 2ok gUtt— 4AFd2 oA 3222
AdE U

AlOiS

= =20

2R 7)o Bast e Fxo Algo] EAS o 5 = 2 7R Ado] dF Utk o] AL »F
2 0 o FAH &Y #AHo

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

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

o] 4= A 1ist [0

A gc). Balal w

2 AUOE, list (112 G022 v al, vpx|eto e A9l 425

o 12
227 SR W 1A kT
S

]
°]
S
ﬁ1£1 léLjﬂxﬂsluﬂ ﬂ;m

PyList_SetItem() C 29 Alo] 82 w7l BHAth g AEE RE 2o 3t IS LFa A,
FE 1S AR spose)oH°1E6“/1D} ol A A& FE 10] AFEA H] Fefxe
JAHAE}E 7HgstaL, Fel a7t __del () MINEE ATt o 75 FAITH o] S lad
29 Z‘Zﬁ*ﬂlo‘ﬂ ol & Hi‘—‘}fd_del_ HAEZF S ESH YT
ol o2 A7) wZoll, _del_ () MINEE 499 sto]H =5 AP 5 d5Uth 220
bug () ol Al iteme]] \‘41 #AxE RER = AYL 2P 4 027182 EEYUTH bug () ol A2
B AETZF__del_ () WAZA AN 7HE ST 7P74'6PE'4_, del list[0]9 &EFE FL RS
AP 4 9lon, 17‘101 o A ol e gk vpA vk Fxepa 7Sk, 1A ARE v R E Al ek,

JYPA itemS FEZ Yt
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void
no_bug (PyObject *1list)
{
PyObject *item = PyList_GetItem(list, 0);

Py_INCREF (item) ;

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

Py_DECREF (item) ;

-~

o] 212 AA| o] o7l YU th. o] W] mpo] o= o] Wj1o] My o] 2H o] Jlow FTF__del ()
A =7 A3 8t o]+ E Lok 7] A HCT%‘HH@W*O% AR Bl

1 Fxof —‘EZﬂﬂ%%%Eﬂﬂﬂ%‘T—t—/\ﬂl o & HP Ay kA

A e Hoste A Fo] glojA, st °1E1_F/1E1-°4 oy 2fes e AEe E‘°ﬂ 77] %
F 54Ut 28y, W32 2 Py_BEGIN_ALLOW_THREADSE A}&3}o] © A
Py_END_ALLOW_THREADSE AF&3lo] ThA] &R & = Q5 Ut o= E27 1/0

A eRE /g 0EE B O 2dE 22 ANE AT S AR S FUTh #1350 Fa
old gt 22 AV A5 Ut

f

3
Jh
fifo

S,
»
o
fru
:‘uJL_',
2
o
Rl

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 =9I

AR o AA FZRE JAAZ A+ T NULL ZAHE ALGT Ao 2 7|H A fon, 187
3 Fo]E H2FUthH(EE o] T Fo] G2 E Fgynh. AA F2E el Z
of 9] 7} A 322 e 7] 98 A W NULLS WU ok NULL QIAFS AALSHA] ¢ o] f-+= g
5 AAlo] r2 AR E th2 do ALe7| Wl Ed Uttt — 2 &7l NnuLLS AATE, 55
wol WSty =7} :FJ 711 AP Yt

NULLY 4= Y= ZAE 7 (A2 ANATNULLE HARSHE o]l £5 U ol & 59, malloc ()
°]‘)r°ﬂ94% AN D = ﬂ#ﬂl/ﬂ

"] 3 & Py_INCREF () & Py_DECREF () = NULL Z 9 EE A3 FS5Uth— oA g 159 W3
[e]

L
Py_XINCREF () £} Py_XDECREF () + &2y}
54 AA 7S %“’Jf}ﬂ s UHE'-E(Pyt ype_Check () fNULL

of g 7l sk= Foll vl AAE AAEst7] sl A&siA ol J;% kil i%'}% _?’_57]' LEOW,

AN AR o o BAE G WL e

CHFrIEMAYUSZC T AGdd AR FF (ol A= args) o] AU NULLO| obd & Aot
_ /\1 Zﬂi‘“ UGS E.:j__e?:] NN EZP%P\J \:].4_

NULL E Q6 & sho] A AL Aol Al (AU ) BEE AL A7 o @ gtk
edE) 28d 3& FHLSAE T u o] B RAS A iUt — ol A& o A3 7|E ZE oA Wol HAFYTh
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2 9539 Afole BAZEA GEUth stolA Rz HM 52T
extern "C"& /\]-36]-0:] ,_ﬂb‘ﬂ o gt} extern "C" {...}ZE
8= ‘31%143}— cplusplus 7| S 7} A HH (RE H A C++ AL H 7}
3412 AH8E .

+
A,
o

o N+
o fob oy

E
é
nj
R
O
L mlo B
o M
i, ok
j}
rlr

£
=
B

C API ®|=5}7]

N
o
Job
0
3]
N
HIIO
ﬁ

o
>
>
ofo
ek
>

ol
>
o
D)
=
2

L
ot
o
o
i

N lo
=1
[
N

(o |

(g o rlo
Bl
¥ X
30
oy
orx
Iy
2
il
[l
2, ol
b f
N
offt
o
rlr

gf&m
g;.
KU Bkl
=2 fot

I~

o ek
>
3

o Loorlo
O:

A Lo

o2 S o b o
1
(2,
oft
2y
o m o
ﬁlo';l
i
Ao o 034 o
o3l
i g rlo 2
=2 0 f) ot
>, v _>|:, ﬂllO
SN2
2 [m r{r oj
BN g,
D (>
ok e [
4> R
3o py ®
rir 4

o,
SN
rlo
A
Mo
S,
_>|’1_'4
fults)
4
i
i
T
s\
X,
%
¥
i
)
oX,
e
kJ
@

£ staticS AA3A ¢kar), 433 H
%01 G- gtol Qe zeEE el Ao R
/\}%5}2’3, st RE HoH 7|57
A A ol whef thF U TH o E Al AE2
/\}*‘15} U (& 0] 959, o

S A Y (AIX 7} 8] ol Y Th,
]Eﬂ%ﬂ‘lﬂ'z—i S 2 HolHetE, &3 &

RO Y-

e,

m
N
k
o

K
o)
2>
=
il
>
ol
i)
<
O
S
>
>
o

P
o I
Iz i
e
o
o b

1

S
>
oo
o
oﬂ,

of{ rlo
N
o

=
e
iv
lo
23

bt 12 o
2

i, e
rlr
N,
fol
o
l
o, it
>
L
{o

| 9,
i}i
)
It
2 o
AR
nig
]
al
%0,
krt
[t S
d
°
x
=
4z
5!
1o
rfy 4o 4
LA
[y o
H
oL
N

[
i

Choig o 4 1o 715 7140 Sl A
5L st BEY 273 G458 A9
SRR G R EE RPN RERE e
A2 ot She 158 BE P oR

pac)
o
-
A}

J'&

Utk o] AL T B4 mE 3t of
713 E statico E A A3
]) I3 ol uE g 25 A

nﬂ:ﬁ)oﬁ,mo
td
i
Lo fo
td
r[n

o
1o
=

o,
T
Iy >lr1

l-r

iy

§g

o
=2
X
(oA

o of,
M

]
o,
AN

vjol W Lo 8 B ‘j?__roﬂ Aoe S RE
o} 7,Bg(Capsule) &L ZAH (voi
%am Bk ThE a1 oA A b
FZHA ol Fol Y 4 AF Ut th& &%
=, AEA 2AHE 7HAE 5 A5 U h

o hu
@]
N
)
o
I

! [o

N

et

S 2
&

o it
of
-

lnl
41difk

S
o

r
ol

m‘;'
-l>
30"
N,
f
i)
rlu
=)
o,
%
N

i it
A
o
fot
o
il
o
N Ao
o
rlo -l i of

flo nok
o ¥
Ml yo
I xfy
o L

-
X
©
O :
ol
fo
=y

rlo S o
O
t o, (I

I
i

94 e CAPIE &bt o] A2 A8 ahe ol olF A7 gk 2 847k Al v
ANes QAW EECAPLZIEHFAZA g F4E FHEZ AXNET & stk 281 ZRAEHE
At A= b st A2 A EE ATt BREG ZeoldE BE o o8 Ao g ibd
sl ek
o W& A e, AE ol 52 SHlEA XA Z ol LT UTh PyCapsule_New () 8=+ name
tj 7] W= (const char *)& F YT} NULL name° AT = QA u o] 2L A AT E 7} 5
AT AAeA o) 2 AR L ol Ao A AT AALS A BT 51 o) F g
Aee e P 7Ee 4+ At AP e dsun
53, CAPIE F713kE ol AL & Aol o 7 2ol ubet o] 82 A g 3hok gt
modulename.attributename

F3l AEE CAPIE A 2= & & A0 e

Ho] & PyCapsule_Import () E AR SHH &S T
o180 o] 33 AN LAV TG o) $4E CAPLABAANA Aol 2.2 8 Aol 2oE
API7} 2 3te o Jlth= S4ls FUth

i
(@)

OHg oAl S H ] REe e BE) Aol Fi R L HojFed, JNAOR N8
2ol efe] 2Eol Agehich A& ol N void EAE2) v Qo] £E CAPLEAE (o] oo
ST & ARt B ol ek AlH UL BES JRE 53 CAPLEIHE A0
W% & AF T, Feol B wE-E CAPLO] A2 57] o] o] W% & 5554718 o8 L o

20 Chapter 2. ®M&x} =3 glo| &% BHE Y|



Extending and Embedding Python, £ A| B{7 3.8.13

PH S BES A 10he o] o] span BE-S 4 AU Th span. system () G55 C ehol 1
i = PR s (74 2E el (spam)
ySpam_System() Y2 F23UTh of §4 PySpam_System() & THE

s
4
[}
Y
0
@
[0)]
5
o
N,
2
g fol
e
=)
N,
rlr
2,
-]
i
2
Hu
Ir
v
I
o
ol
N
2

+
av]
=
n
o)
o))
5
n
<
[0)]
@
D
5
rlo
ol
e
&)
@)
%
s
o
=
iv)
rlu

BEE AT Zo] statico 2 AAFJHF YT

static int
PySpam_System (const char *command)
{

return system(command) ;

i

A stA 449U

spam_system () 5

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

const char *command;

int sts;

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

sts = PySpam_System (command) ;

return PyLong_FromLong(sts);

259 AF LR A, Th F 2 Thgo]

#include <Python.h>

e T 22 o 78 oF gtk

#define SPAM_MODULE
#include "spammodule.h"

#define2 3|t gtdo] &

Seto] Q1= B o] obd R BE] £3E S delt o AHSH U BhX
Bog, BE0 273} 4= CAPL X :

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 A%
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return m;

PySpam_API+ staticl @ MAF YT 228X O™ pyInit_spam() o] 85 uf] Z g v & o]

Aretg] U e
ZH] R EL F ¢ 31Y spammodule.hol 9o, o} 25

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

#endif

/* Header file for spammodule */

/* C API functions */

#define PySpam_System NUM 0

#define PySpam_System RETURN int

#define PySpam_System PROTO (const char *command)

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

#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
3
#endif

#endif /* !defined (Py_SPAMMODULE_H) */

PyMODINIT_FUNC
PyInit_client (void)

(B sl el Aol A%)
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PyObject *m;

m = PyModule_Create (&clientmodule);
if (m == NULL)
return NULL;
if (import_spam() < 0)
return NULL;
/* additional initialization can happen here */
return m;
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#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",
.tp_basicsize = sizeof (CustomObject),

(Th& sl AT ol A%)
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.tp_itemsize = 0,
.tp_flags = Py_TPFLAGS_DEFAULT,
.tp_new = PyType_GenericNew,

bi

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

bi

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

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

Py_INCREF (&CustomType) ;

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

return m;

oAl g ol wi ] of & Zlo] WA, o] F3} 3| Bl 7] Hhguth o] 32 Al 7HAE o e
Yt

1. Custom Aol = A : CustomObject FFR A o] ™, ZF Custom I AEH AW

ﬁd
i)
gg
(L
)
i
oft

. . CustomType T2 A 0|5, 54 A4ke] 8 3D u] Q6 = 2] 7} A S
Zoh1s) 9 EoE A3E Aol
3. custom BE& 27|38 8l= WY PyInit_custom €542 # ¥ custommodule -2 A Y Y o

R AR A

typedef struct {
PyObject_HEAD
} CustomObiject;

o] Z1o] Custom A1 A| o] 232 ZA YUt} PyObject HEADE ZF A 24| 8] A2t F&o| d4Hor
+ Zlo]H, PyObject B 9] ob_basedt= BEF H 5o, 3<§ AA O et 2AE e} T2 S4+E =
513} qu}(o]ﬂ S22 747 wj 3 8 py_TYPET} Py_REFCNTES AH& 319 0“/\1]/\ 5 JFYEh. o Ao
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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,

Fa: A7 27 9= BREPyTypeObject BEE UEA 3l B= AA TAE A 22 ko,
A&} o] C99 ~EFY Q| A] 7 (designated) & 7| SFAHE AMS-3h= 2 o] 5 YT

object .hof] Y=PyTypeObijectd AA| Ao= o] Aol we dr & zh&yth Umx I=&=
cAztde o o 002 A AW, BootA] o YA AR A AsHA] b 2 o] &

o] @ BEA w2 o2y 1 Fhch:

’ 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",

2 FY ol F. o] A2 AA 9] 7|2 HAE RHN AR ol wA Ao YEFEU T o & 01t

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

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

B0l £F 0|3 2 Y oL L ZVIE FO2 FLA AFYN AN o 32
BEL customo] L 2 Custom?] ﬂ-/ﬂ 3 o] &< custom.Custom@ & AUt} 3 o] pydocH}
bicie M AR R A e e S A e B Al 52T

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

o] AL MZE Custom AAEAE 5 1) 5}o] Ho] Tekat vl )
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Fam: sl AolN L B ZA T4 9718 A5ka, Gol o] 2P 2L tp_basicsized 7MY,
o5 Aol A7} 98 5 gtk 3] Stol B AR Zel At pases o o] B2 WA BaAsiol

Fuch 28A o o glo] ¥ _new__ () WIME=EES th Po] wloj Ay H o}

3=
£ tp_basicsize %k% ZEe 5 oto] o] EAIA S 98 5 dsUth tEEY AF, o] AL B E WS
e, Wol2ag o] object o] ALy, 2 A o HlojAF e HolE] W E 73t 278 H]7]
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.tp_flags = Py_TPFLAGS_DEFAULT,

ol ¥TE %aﬂzoi] iﬂ;ﬁ °f ?J‘JD} 7‘401 Thol A 3.37b2] Ao H BE WWE EAsR Yt

A7 AR S 715 Bhel W, tp_new A 2] 715 AT ok FUTh o AL Fhol M WA E _new__ () 9
B2 oA 7, WA A0 2 %) G5 oF U Th. o] Ao, APl T4 PyType_GenericNew () A A1ZaHs
R TEE TEART 5 YT

.tp_new = PyType_GenericNew,

PyInit_custom() 2] &7 Z=E A9J3tal, std ] th& & W82 56 of gyt

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

o] 212 Custom ¥ 27|13} 8k=tl, Aol NULLE A AT ob_types £330, o2 W E 223

A

ZNEFe = AUt

Py_INCREF (&CustomType) ;

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

—~

HS 2E YAy g o 2718tk custom ZHAE T3] Custom AAEAS BHE F 5=

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

oA AR AUTH Holgls AL WESE A UTH 1) LEES custom. ceh Fo] Y

from distutils.core import setup, Extension

setup (name="custom", version="1.0",
ext_modules=[Extension ("custom", ["custom.c"])])
£ setup.pydhe g ¥ oS S

$ python setup.py build

Ao A JEstd A E gl 31Y custom. soE ANk FUTEH T A EH & o] F 3o 3}
WS A ZASHA A 2 — import custom & 4 911 Custom AR 2 = 4 Y5t

IEA AP A st 18R ez

EE, @A Custom B2 12 1|54 sUth tlo]g 7t gl obF A= o814 ks th A B Fejd =2t
& sy ch

Fa: o] AWAECHFS NERY) JT BF distucils RES Hol FAT, A4 ALE Aelo] A
A E3 57 el 7k 2 H setuptools eho] B e 2l & ALgSHE Zlo] F5th o] A& S A3k ol
3 2B AL o BA WAE FoAAI shol M 574 AHE A A LA NA RE 5 AU Tk
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A thE 7152 745k A BE custon2® B A AU T

#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) ;

-~
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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

(Th& sl AT ol AS)
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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] o RE& o7 7k WA Aol AF YT
083 22 27} 78 (include) < %—7}@1%14 2

#include <structmember.h>

ol £3E gl AWl AAY I ERES Aelshe ol S AL AT YL
Custom oAl C FZA Oﬂﬁ rst, last X number2] A| 7+A] vl o] ¥ o] E 2] R E 7} A5 Ut first 2} last
ol A+ J U T} number E B RE=C A5 YU th

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

} CustomObiject;

o)) T2l el ol el 7t 7] wjEol, AR Tt B Aol B 6% Aok BT 23, B
a4l vl A =7k 2 2 o

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

& tp_dealloc WH ol thY gt}

.tp_dealloc = (destructor) Custom_dealloc,

ol YAMEE HA F o] AEGFEY FX 3 4+E A3 YT Py _XDECREF () & U A7F NULL Q]
A (tp_new7} S 7o Aujstd LAY 5 Y AFYh & SutEA A8yt 189 v A4A 3
(Py_TYPE (self) & A4t UthH ] tp_free “*‘Bi% T Z3te] AAe W2 E AT A 6301
CustomType©] obd 4= 2o Fo AL, AA = B S AdadAd 5= 7] W Ed YTt

Z+31: CustomObject * QRS FH3J}EE Custom_deallocS B YA tp_dealloc T4 ZQEH
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= PyObject * AAE TS Ao Z 7|U|3t7] W&ol 919 destructorZ2] A A SN2E7F F Q¥
o} 2187 ¢ko, u«ﬂro‘aﬁ]/ﬂ A7 AU o] A o] CE st AA A &F tha A Y tH

Fele 4 olgol Rl FALE 27]3H =5 8t A oA, tp_new 7d& Al 3 FUth:

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;

}

a23 I5S tp_new WH o A gt

.tp_new = Custom_new,

tp_new A 2]7]= B AAE (271318} thulsto]) A sk A LS A Uth stol @A __new_ ()
HAEZ = EFHUTh tp_new UHE FTd I+ glon, AA 2 B2 2432 99 custom ?ﬂ«l 3
WA B Ao A28 PyType_GenericNew () & AAFE 37wk Uty A 2L tp new A2 7] S AF&3}
o] first9}last JEBHEENULLO] o} 7| &gt 2 273t

tp_newe J2”A B HE P HE Feha7t A2 3 HH, EEA] CustomType d 2+ U5
Uth# 3o 322 v d2d BE AA7FAZH o, ThEofd AdadaE st 2o g 7]“1%‘145}
tp_new A 2] 7]E F4 A A% 71 E AAE WopS oA, FF AAE FAISL AA A2l & 27135}

(Co tp_inityp gpo] e __init_ ) WA =A@ ‘41’/}-

%}'_T_’_: o E1 ﬂ Eﬁ 7]_ ] 4 ol 3\4 O] ﬂ—/ﬂ, tp_newe Ug /\] Z(L,]_Q__‘?:_ tp_il’lit‘% ﬁ%{s‘]’?ﬂ Qr 51]:] ]’] q

tp_new 72 tp_alloc €52 S &3] R & Gt

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

w5 e] Fgo] AsHE 4 glol A, AW 3k7] Aol tp_alloc AF7NULLe] obd A Selsfof Fuich

Fa: P+ tp_alloc €S AF AA ZdH Utk Al pyType_Ready ()
(NNEBAOZ object YU TP ol A A&31e] o] & AUt dlE 2 J2 7| o d2kS AFe 3T

3 Y tp_newo]2P Y tp_newt __new_ () & EE3E Z2DE TEE FF, A3 A7
HAE 4% ¢AE ARt S2 S A EE AR5 3L 614 ot Futh 4 od FS 587
Aoz ARG, 2249 tp_news A FH, EE type-—>tp_base—>tp_newsE T3 S E5H4 A L.
o] F A stA] gkoH, thE ol < 3]1"‘: F&ohe o e P stol A A B FeATE SuE A
RE A 02 5 AL UL (55, TypeBrror & UA FE WA, ol 1B A B 2] ALBAE BEA
294 YUt

30 Chapter 2. HM|&Z} =3 glo| &H&F OHE Y|



Extending and Embedding Python, £ A| B{7 3.8.13

Argng] 2GS AFHE A4S WolEol& 2719} F4= F Gk

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) A
tmp = self->first;
Py_INCREF (first);
self->first = first;
Py_XDECREF (tmp) ;

}

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

}

return 0;

o] 2 tp_init X< AMFUth:

.tp_init = (initproc) Custom_init,

tp_init X2 FolMolA _init () MAEE =g Utk AA7 s & 2735+
AREEH U 27132 s 4 A2 719 E AAE okl AF Al 0 = ol # Al -1 vh&sf of

.

tp_new A 2] 7]} &, tp_init 7} obel]l SEHA &S & AFUTH (A E S0, pickle BEL 7]
BHoz o328 AxA2A _init__ ()8 354 @5Uth. 4 M 528 2% dFUY
FrUE AAY __init__ () FINEESET T AFUTE ol o] FE, M EYRE =Y
w = Zha e 2ol sl of gtk of & So) first WHE 0}e3} 2ol dAa 1 & 5 Az
if (first) |
Py_XDECREF (self->first);
Py_INCREF (first);
self->first = first;
i
Aol e A@ U $o B rirst W] B AFHA Yok, BE F7 AR D 5
A5Uh first W o] AM A H I A E5h= T E7HAYEH EF sk 3 A7 A& = AFUTEH
& S Aph A QI Z e e S AR ohE Ad S A AAel QA 23T R T 9ol
FEAAY S T4 A5
AR S Aol Hi o] 7He B2 RE 8 AAS BE5H7] &, $elv AY T4 FR AFTE £017]
Aol FHE ThAl th g Tk A o @A 3] kot B7be?
- A2 57 IHT AT 22 B3 S 9w
o Az FFHAA T GILE HAABAE 1 P Z=E A SEFAE FSS S AW’
« T8 MR F=AE A DA B B tp_dealloc HF 7oA FR ¢S A D o’

=
£ AR EADO| Y FE £0AT 2L ARG oleks AL I 9w FYYTh
= X &
=

]O%U}X] 7] wj&oll, o] AA | A= tp_dealloc A 7oA o] AL AL FAF YT
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static PyMemberDef Custom_members|[] = {
{"first", T_OBJECT_EX, offsetof (CustomObject, first), O,
"first name"},
{"last", T_OBJECT_EX, offsetof (CustomObject, last), O,
"last name"},
{"number", T_INT, offsetof (CustomObject, number), O,
"custom number"},
{NULL} /* Sentinel */
bi

183 tp_members £X° A E EH U

.tp_members = Custom_members,

o] AW B L shol W o= HEe] YT+ Ak AN F2 AVY AL ATHA hrrhe
AYUT S AL EALD A0 AT A T, BE shold AME TFE 5 ASUTh £ o] =
SRES AAT 5 &Yt C EAEE NULLE AR P Th NULLe] oby GHoE WM E 2715 ¥ 4
QA o=l RS A4S WA E NULLE 23T 5 AF Tk

o187 42 olol el A o] Fo% £t B WAL Custon.name () B2 Tk,

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);

o] I =& Custom (FE+& Custom A H Z ) AAAHAE
H A== At 9l E*/\gxq HA JAALZ H G ok v 15
Agol= 0}-‘?—&4 FokA] kotA 1A AR FZoly 71 =

o WA = T} 2L ol vl A =9} 553 Tk

Az Aok C Bz 2,
5 9139} 791 2 AAE ABA, o
SRS A

A A
L—:z
-

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

first8} last A7 NULLY 7S5 A S &9
NULLE AP Yt o] A EFHEL AA
FHULH o2 Al Aol A o] & 3 8= U

ul

oAl MM E=EE HSF T A= A

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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o

o

($ 2= METH_NOARGS & e L& AF&-3to] WA =7} self o199 JAAE 7| 3HA] &S YEW
T AN L)

J2]3 tp_methods €X° ¢ &Uc}:

’.tp_methods = Custom_methods, ‘

Ao 2, -2l Y M B S wolx FlAaR AFEE 5 QA e AYUH 2= A7
TS oA AG ARSI 9l= AA S Foll vis) 7H S BhA =S MM ES S A AE

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 FXRA| oA & o] &S
74418t al, PyTypeObject FRA| A AA| 2 o] 52 741 Th

At 2 A R E-S =] 913 setup.py FES BAF YT

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 OI0O|E {ER|REE O MY5HAl 01517]

o] A A+, Custom o AN A £irst e last o = el HEFL 25 & 342 o AL A Aol Tt
o8 WA EEAAE, AAEA WS first 9 last B BAG0] o g2 AATAY AR T S
& Utk o ol E el HES A 4 EA L] P S 53 A& Tk

#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) {
PyErr_SetString (PyExc_TypeError, "Cannot delete the first attribute");
return -1;
}
if (!PyUnicode_Check (value)) {
PyErr_SetString (PyExc_TypeError,
"The first attribute value must be a string");

return -1;

(Th& sl AT ol AS)

34 Chapter 2. MK} =7 Q10| &% OHE 7|



Extending and Embedding Python, £ A| B{7 3.8.13

(o1 sl o] A A A%)

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"
by
{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;
}
firstflast O|EEREE B ZHH 02 Alofst7] 9af, AH&AF A 9] Al E (getter) £} A E (setter) T-E
A& first O ERREE AA LR AT F4E T 2H U

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

Py_INCREF (self->first);

return self->first;

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

EEE

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

& o], ZE2 A9 dHo]go 7|ultdle] AL AL AAT JEZ R
AlE (setter) T A S 753k gy th)

A E] (setter) <420l = custom AA], A 2+ @ 22 A (closure) 7} AZ-F Ut Al g2 nuLLQ 4= 9o,
o] A% o] E g HE 7} AHA P U th AlE (setter) of| A, 8] = o] E ] HE 7} AAE A} A gho] E214 o
of e oS LA AUt

PyGetSetDef F+Z A9 wj¥ L w5 }:

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 SEFY}:

.tp_getset = Custom_getsetters,

PyGetSetDef FZA| 8] npA 2t FH-& oA AF3 (Z2A) Tk o] A%, F2AE AHE LA
S¥obA, NULL R A 23 T

w3 o)) g o = Bl that WK H S A AT

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

bi

3 BRI AYH SR tp_init 2712 A oF G

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

(Th& sl A oll A%)
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Py_DECREF (tmp) ;

}

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

3

return O;

oz MA2 3, flrsti} last U“HU} A ) NULL o] o} e}ir BHAIE 2= 9lol A, Ao m=
< 9| Py_DECREF ()
A3 A4 tp_dealloc oA 2],

R B S ETE 1ﬂﬂfﬂﬁ BE 278 %49 BE 0|82 w1, setup.py 3o
27} Aol & 27T

22.4 =2t JHH|X| £H X|H57|

shol wlol & 22 9157100l opd wl= 2B AAE 42D
ek o] Ae AR 7 o] Fol @ w) o 5 AF Uk o2

>>> 1 = []
>>> 1.append (1)
>>> del 1

of ol A, AN S EFet= e|~ES BEUL AT A AA Z27} dauh B3z A5}
002 WojA x| oLich B2 AAE, shol Ae] 23 7hul A A7) = A 2 2} 7] A 9L
ol 51 3 4 2 o,

Custom A2 F AR H A=, BE 7 AAE first} last OJEEHE AFE = RS
Ui, Althzr F A2l Al iR Ao A=, customE A E Q"/H"‘ SR, AE FEHlas 499
01 PREE F71E = JdF U o] F 7HA] o] f F o= A 225, Custom 7“74]—%3?}01] ol 4=

% uth:

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

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

T2 GCT7F R 8o X“’% 3= Custom Q&
FAL FFEFES A ol 2 S A EE S 1S A5 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

‘g olEYHE}RAY AAHAR AURH FYolE, A Q)Y str A8 FH2E ALT 5 glolH ol We] B2
22319 UlE 2~ o]
'\’:\_E\_aTMuqr/]’
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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 *)
if (self != NULL) {
self->first
if (self->first NULL)
Py_DECREF (self);
return NULL;

{

}

self->last

if (self->last NULL)
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,

type->tp_alloc (type,

PyUnicode_FromString ("");

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->last = last;
Py_DECREF (tmp) ;

}

return 0;

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

bi

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

Py_INCREF (self->first);

return self->first;

static int
Custom_setfirst (CustomObject *self, PyObject *value, wvoid *closure)
{
if (value == NULL) {
PyErr_SetString (PyExc_TypeError, "Cannot delete the first attribute");
return -1;
3
if (!PyUnicode_Check (value)) {
PyErr_SetString (PyExc_TypeError,
"The first attribute value must be a string");
return -1;
}
Py_INCREF (value);
Py_CLEAR(self->first);
self->first = wvalue;
return 0O;

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

Py_INCREF (self->1last);

return self->last;

static int
Custom_setlast (CustomObject *self, PyObject *value, wvoid *closure)
{
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;
}
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;

Eﬂ
°
o

Zholl

bl

}od

]

F e A AR 3 L 5 S

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

}

return O;
}
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static int
Custom_traverse (CustomObject *self, visitproc visit, void *arg)
{

Py _VISIT(self->first);

Py_VISIT (self->last);

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

tmp = self->first;
self->first = NULL;
Py_XDECREF (tmp) ;
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static void
Custom_dealloc (CustomObject *self)
{
PyObject_GC_UnTrack (self);
Custom_clear (self);
Py_TYPE (self) —>tp_free ((PyObject *) self);
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.tp_flags = Py_TPFLAGS_DEFAULT | Py_TPFLAGS_BASETYPE | Py_TPFLAGS_HAVE_GC,
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>>> import sublist

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

>>> print (len(s))

6

>>> print (s.increment ())

1

>>> print (s.increment ())

2

#define PY_SSIZE_T CLEAN
#include <Python.h>

typedef struct {
PyListObject list;
int state;

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

self->statet++;

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;
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typedef struct {
PyListObject list;
int state;

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

AolM wWelaBe] __init WAES ZEsE YRS B T Y5Uth
o] &2 AFgA B9 tp_newdttp_dealloc WHE 2= FS AT ] F2FYrh tp_new A 27| &=
AAE tp_allocs AH&3to] AA| 9] W] & w54 T, wlo RIES 3

A el st 5 s o Itk

PyTypeObject XA+ B 74 #lo]& % 28 A A3 tp_basedE ALFULE T2~ ZHE
Antde] AE QA pyList_Typed st FxE HF F=5 A A& 5 dsth s B8

278} 4ol 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;
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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;
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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;
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’const char *tp_name; /* For printing */
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’Py_ssize_t tp_basicsize, tp_itemsize; /* For allocation */
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const char *tp_doc;
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’destructor tp_dealloc;
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static void
newdatatype_dealloc (newdatatypeobject *obj)
{

free (obj->obj_UnderlyingDatatypePtr);

Py_TYPE (obj)->tp_free (obj);
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static void

my_dealloc (PyObject *obj)

{
MyObject *self = (MyObject *) obj;
PyObject *cbresult;

if (self->my_callback != NULL) {
PyObject *err_type, *err_value, *err_traceback;

/* This saves the current exception state */
PyErr_Fetch (&err_type, &err_value, &err_traceback);

cbresult = PyObject_CallObject (self->my_callback, NULL);
if (cbresult == NULL)
PyErr_WriteUnraisable (self->my_callback);

else
Py_DECREF (cbresult);

/* This restores the saved exception state */
PyErr_Restore(err_type, err_value, err_traceback);

Py_DECREF (self->my_callback);

}
Py_TYPE (obj)—>tp_free ((PyObject*)self);
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reprfunc tp_repr;
reprfunc tp_str;

tp_repr Ag|7l€ &9 22 RH S ek AL AA S EE oF Ut v 4EE
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static PyObject *
newdatatype_repr (newdatatypeobject * obj)
{
return PyUnicode_FromFormat ("Repr—-ified_newdatatype{{size:%d}}",
obj—->obj_UnderlyingDatatypePtr->size);
}
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static PyObject *
newdatatype_str (newdatatypeobject * obj)
{
return PyUnicode_FromFormat ("Stringified_newdatatype{{size:%d}}",
obj->obj_UnderlyingDatatypePtr->size);
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getattrfunc tp_getattr; /* char * version */
setattrfunc tp_setattr;

VA V4

getattrofunc tp_getattro; /* PyObject * version */

setattrofunc tp_setattro;
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1. PyType_Ready () 7t &€ ] o] EZFHEY o] 5 &otof Futh

2. AEFRESE AV AR S 7| St vl SER A7t 2o A oy e 7|Nte g RAE

BHA] okot= Huth

o] FEZ OJEYHE G, 2 AAste AlH e #H ol H 7 AE = ol AlskS T4 k5ol
YAl L.
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struct PyMethodDef *tp_methods;
struct PyMemberDef *tp_members;
struct PyGetSetDef *tp_getset;

tp_methods 7} NULL®] o}YH, PyMethodDef 22| 9] v E-& 23 of §Uth H ol LY 7+ 52
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typedef struct PyMethodDef {

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

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

const char *ml_doc; /* docstring */

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

int type;
int offset;
int flags;

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

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

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

{
PyErr_Format (PyExc_RuntimeError, "Read-only attribute: %s", name);
return -1;
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richcmpfunc tp_richcompare;
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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 Py_LT: c = sizel < size2; break;
case Py_LE: c = sizel <= size2; break;
case Py_EQ: c = sizel == size2; break;
case Py_NE: c = sizel != size2; break;
case Py _GT: c = sizel > size2; break;
case Py_GE: c = sizel >= size2; break;
}

result = ¢ ? Py True : Py_False;
Py_INCREF (result);

return result;
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AAAA e 5 A5

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

oA EY AANN 2 NP2 =3 AANAY 2532 3153, CH PyNumberMethods,

PySequenceMethods B+ PyMapplngMethods% 7 G E FRA Y F2E v XYt o]

TEAE AAT FoE AYoe AL o AL JUth sfo]x £ wfa g Objects ] 2 2] of A
o5 A7 ALg ol E Fe T zla‘%p}-

hashfunc tp_hash;

o 2ol Alwst7| 2 AdE T, o] s dlol B F 9 dad o vt s Al AHE Rbgdel oF gyt
2 ZhEk o Yt

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;

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

return result;

}

Py_hash_t+ EHF] et Wat= ynle] 7% 9+ A5 YUt tp_hasholA -1& whastd
oA E FAISNA, 919}k 2ol s A] A4t "é%?ﬂ%ﬂ WEhehA] S o8 oF g o

ternaryfunc tp_call;

ol - HolHP Y JArdAT(EE) D w TSP YT oAl E £, 0b319] HIOIE% Fo Qadioln
gtol W AT FHE| objl('hello') 7 2&E o] YW tp_call A 7|7t E&FHUTh

o G4t Al Ao} AXE ATk

1. self = 52 A2 tolE e AdArEAYYth 2] objl('hello') oW, self= objl Y]
Yrh.

2. argS% T g3 AAE 2= FZ9 Ul PyArg_ParseTuple () 2 Ab&3to] QRS 25
&5 Adssyth
3. kwds= AGH 7)1 = QA2 QHL%FJ%MD} o] A o] NULLo] oY1 7] E AAE A A5t
PyArg_ParseTupleAndKeywords () & A&t QRS FEIAAAI L. 7] ¥ & ARE A A5HA
oFa1 o] Zlo] NULLe] o} U, 7|9 = "JXVP A1 AH A gh=the WA A&} 3 TypeErrorE WAy
/\] 7]/\1/\] Q.
A3t tp_call 73 o3 25Ut
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)) |
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;
ol e olHeEolH 2 EF AU AFAUTh F A2 7] BF A& st mi) W, S =
AL 3 A AT el 7} A, 51 S A5 UL 8 A T
tp_iter= o] _ iter_ () WA ZO M FS, tp_iternextE To|H _ next_ () WA Eo
g o
EE oHHE AAE o]y o B AAE vkl of Sh= tp_iter A2 7] & FA3 oF FUTh T2
shol W Zej ol % A5 & 35 AP AUk
« 48 MY 59 olHHOHE A A ¢ e DA CIE B rES} 7TE) 9 B9, tp_iters
S =S afjuith A ol &l o] B 7} vkE o] A AL ¥EEEE of of Ytk
P g AR =S 43l @B A AAAY oA 8 A o2 A AT 222
e A28 H2E NEB] tp_iter® FAY 5 UHU T 0FehA tp_iternext A7 %
TAF G

23. =& ™olsh7|: oizd 7HX| F=HA| 53
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BE olHHolE A& tp_iter® tp_iternext & BF F &3 of Futh o] #H o] tp_iter
28l 7]& ol # ol g ol gt Mz FZ2E vt oF gUth tp_iternext 8 7]& o] #H o] A9
o2 A (Aohd) off T gk Al FRE wkEsloF gt olE#l o] o] Fol =3, tp_iternext+
o) 9] & A7 34 93 NULLE &8l A o}, NULLS uhghehe Ao el StopIterationd AR 5
AF UL A9 & 93t AJso] I 4D 4 dFUth AA o7 LAYS Y, tp_iternext+ FA
of| 9] & A 43}, NULL-E WHEHS) oF g Th

o B7):

1. oFgk = v A
2

typedef struct {

PyObject_HEAD

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

Jgu ARz AAE & A9 ST W

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

& 7} NULL©] o} ™ tp_dealloc®| (PyObject_ClearWeakRefs () & 3 &3}
o) BE oFsl AR E A& F Q7 = A YUt

ne
ol
i
N
N
Ni ‘|>:’
ot
rlo
i)
[

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 F7I N2t

A HolE g EF HMAEE FAEE S w29, CPython &2 T =
ﬂﬂ‘ﬂrﬂio} *EP— C o gt A tp_o Adke 7= He A (&
S AN L. A EE T4 A E 2S5 AS HYTh

AR 7L A FA PO P4 A2H2R1A] Flslof 59, PyObject_TypeCheck () TE ARG Al

2. 4% ol e gt

(_'_

E L5l 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 &~ F. &7} 7 kx] &= 3L, https://github.com/python/cpython

CPython®] C 84 2718 §4 5 WE U & 55 2ho| B 2] AT (o] & 5], 5 A% .50, ESE
.pyd).

° F§ go] H e8] 7} PYTHONPATHY| §lojoF 311, BE o] &S
ol of Futh. distutils & AHE-31H, SHHE 1Y o] Fo] AHFg o H 244
o o

27 2e AYE 2
PyObject* PyInit_modulename (void)

4A35 273" REo| Y PyModuleDef SIAEHAE HIESH Yt} AFA| 3F U] & -2 initializing-modules <
Bz L

ASCILE ¥} o] F0]3] o] F& 7HX 2§ 94 AL, 49 o] 5L PyInit_<modulename>©|o]of g}
o] 7| Al <modulename>S & %4 SIE=3 Y D‘r multi-phase-initialization S AF& & uj] ASCII 7} o} d
‘_]i— \__
A= = v

[o
rl
Eﬂ

BE o]Eo] FdL2E Ut} o] 4%, yInltU <modulename>©°] ™ <modulename>

h=]
2 JJr 14 ] punycode Q7.3 0= JH I sto]E2 EEE HAIFUTE sho]HollA:
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

oe] 2718} P48 o o] B FF ol ne el 4 ole] BES WEY + AFUTh T, 052
JEE e 482 A2 87 Bo) QEEE A8 of Gtk 71 A o2 5 o Fof el
F4Ed A 7] W AU Th A 8 - PEP4899] (@ eho] Befelof of o] mE) AL RIS
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2.4.1 distutilsZ C2} C++ =2t 2= 517]
7 252 vpo] ol 23 distutils £ AHg-sto] W= 4 Q55U o distutils 7} vFo] 1 2] 9 7] 2] 2] A4 2
x] °J 0}7] rcﬂ~r0ﬂ AFg A= S-S A A 51H7) 918 & A ahd E &) distutils 7F 2 2 3FA] = sy Th

distutils 5 7] ] ol & =2}o] W ~ZHEQ setup.py7t £ AFUTH o] AL B e shol A w2,
BB e A9 o e A9 UT:

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% AotY s, build Aol demogts &4 RES A4 T Alade me,
HdE& build/lib.system 39 Tl A E o] 0|7}, demo.so demo.pyde} T2 o] &8 7}
BN

X g
<>

setup.py°l X, BE AP L se tupi%—’%% S &3] P UTh o] AL thekel 7)Y = A ALE ol
AUt A AoA= ETFASFYLE FAF LR, o] o= Jﬂﬂ A€ WESH| A AHE
A Q3L 3 7] A 9] W& ZVJUH/]E} AdutA 0 2, 9 7] A = Ffo| ¥ A BE, TA, A B I 7| A] 53}
e 27 2Eo] 2FH Yt distutils &) 7] 59l o 3F 2}A] 8F U &2 distutils-index 2] distutils A H A &
BEAAAL; o] AAAE g RS WEAE AT AF I

Tl 2IYHES 1 ZF23}17] f6l, setup () ol thEE AAHE ] 2] Al4bshes Aol kA JuTh

—HJ o o) A, setup () o o) ‘]- ext_modules A=A 259 g|l2~EH, Zt 2E L Extensiond
A2E QYT o] o °ﬂ/‘1 2EAETY &2 I Y demo. cE AIYLEHY W ESH= demodt= S

Aol

B2 A dFS A A2 o Sk duetd, 718 A A A8 7] HY ) etel B g vt

28T 5 A7l W dUth o= ofefoll A A FY T

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] oo A, setup () = F7tHEt AEE TEH 1, vl X 37| 2] & W =3
XPZﬂOﬂEH*ﬂHL,ZdZMﬂ7@4,01"“—‘: e e, gtel el g g 9 gfol
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75192 uhel, distutils = o] P HE THFA PY O 2 Aol AP A& Fof, 2ol A
b e A9 Bz oo & Sy

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 oAl HH U B YUt distutils AFE A= distutils 7} S W2 A TS Fhrkal Yo of gyt

’python setup.py install

BE #eAs 22 7| AE s oF AUt 2, o] FA AFF ot

’python setup.py sdist

wjof] whek, 71 9t ds o2 w2 o S| of Fruth; o] ZY-2 MANTFEST. in 3 E& Fall 3 F Uth
ZEA F Ul 82 manifest & 234 Al 2.
sxplZAAAZA oz AeE W FHE A= vlol v E] M EE BE 4 S U S Y2 ulel, o] 2 95
e B ehE A 4 Ao

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

25 A =20|AM C2} C++ E& HIE 517

o] ol A= Microsoft Visual C++& AF-831o] 3o & A5 S B ES o= H S 73] Ay

3t o] & REQ] A Ao vt Bk M st w4 AR E Als Ut A9 A5+ vho| A F4S

EIR=Ro S ‘i" S = ﬂJ—T JEZFJME}%%&E} Qe BT TRz UE T etz
E 9o Zﬂx“’ﬂ Aol JdEe= 2 z2 0 BFoA F8F

2y
BE A 4 RS LEsted o] AMA At A o4l distutils 2 A AR S A 0]
E54YTh ﬁrol’i‘i—% WEste o AHSE C Astd el 7t o 8] E 2T} B8 Microsoft Visual C++
duch

3 o] o= I gd sto]H A HTE 235l o8] I o] 52 AFF YT o] 7 9]
XYE U H A HE=Z & ;A =

slo] A v EZ 2] H (minor) HA ME AUtk o & 5o, gfo] A 22,1 & AHE31HE, Xy AAZE 227}
Ayt

=]
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251 Q2| HM2H

Fe2AAE, A=A FF BRE5S WEsh: F 7HA FI2W ol s yth: distutils W7 A&
Fo 2 Adghrh distutils WS )RR o A F 25
52 UEdta 7] R ek= W ol o 3 A -2 distutils-index o]
AHUTh £EO 2 AT Sute] Tt winsound £ Bo| W2 REY R AE 3}Ye AT e

2ol Qe I AP 2o &3] 2 Y hd S ALFUTH FHo2 2= T 5
Je BES HUEFHL AL ] A, Al2d 2F A& a1 9o oF gt

FH2oA, T/ LEAE ((so) G2 Z2 TP AR T Tl 22 oA 2S5 202 o AdE &=
ot ol 9] o] §& UL Bdo] 2o AFT uf, 5o T = = o) v o] B
RE ZFzx7La5st ol v R el FolA P =2 aH A AA YRS 7t 7| == W AP YTh
oA 7| EA R YA AAdYth

A= Lo, 52 A4 gtolBe g (.d1l) 3 Loll= vl 22 (dangling) =27} lssUth tiA, Sy
o o] Bl of] T 3 WA A= = H| o] E (lookup table) & 3] o] o] H 1t} welA DLL =& =2 73 9]

HE2E F2SEF A At £ 227 sy tiAl, 25+ o|v] DLLO = HolE<
ARESRaL Qlar, AF Al Zbel Fx Hiol £ o] dretHIOH E 7he] V1= 5 A U

]
74A f3@ e glolB ] 31 (La) B e, ol 2

o, @ HAE 59 (.0)8) ZEF} EFE YT
ZFH oHAE B (.50) S HEY 9 A2 DA, DAL AR YA AAE L 5 922
BAY 5 AHUTh AL olueele] enAE Aol TAES HEUh AW, 1 endE
shelo B E SEE £ T

AL L, F 744 489 grolnefel, 34 eho| e el YEE vro| nef el YHUTH(E T . Lib
g gth. 34 goleles 92 2ot 9R 25Utk Be ¥ W 238 =0 S dFUTh
QEE vl Hejel s 7| R A 0% S 487t g Aol wDLLe] 28 ) 22 1o] £4 5 Bk
SAZ A7 7] AN T AL E LTk mebA] AL QEE eho] Bef 2o 4 E AFShe] DLLe
EFS A S AEAE A B2 Ho] B A $§ =2 adol}DLLY AP W), Y=
rolHelel sl HEol R 4 % Uth o] AL S8 T2 I W0} DLLY] B S AFEaE, o T RE
DLL o] A8} o g o}

eSSBS AS FRSok e, F Y 54 25 REBYCE ek L Th S5 204k,
B.so%) C.sool thol YA A.a8 ADetA] uth A5 B C7F 27 2pAI 9] BALES 21
Ho] 5 W E3eA FUTh AESoIA L, A.d11E WESR A LibE EF T 2L B C
o thel A2 A 1ibE AL TUTh A Libk F=E EFehA] otk A8 Azo] A2 Z=of

-
AL oA, YEE o] B ef 2] S A FHE A2 inport spam AHEIHE A7 HSFUTH o A2

239 o] Fofl BN AT 4= =5 3HA| T B EY BAEE BEA = 55Ut FH 204, gho]l B g}
YA 212 from spam import *&} T HlZFUTH HES HAMHL S ettt

2.5.3 DLLE AMZE AI235}7]
AES Fho] #-2 Microsoft Visual C++ 2 A EF JFUTH U2 AFLHE AFS = A2 588 5 91
JHA A4S TE JAFUTHEAEE FH = A ZATh. o] A Ui 2] FF-2 MSVC++of| vt 3 G o

A=A DLLE ¥H& uf, pythonXY.libE B A A@afof gt F 7] DLL, spam 7} (spam o
Je CFTE ARSI nE LEs Y, th5 Hde AHE + dsuth:

% (i

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

AR HH 2 A M de WEYSESUT}: spam.ob], spam.dll @ spam.lib. Spam.d11-2 1}9]
P
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roh

11(ZL8] Al .obje}t . 1ib) & TrE 5 U th spam 3} gfo]d A3 vpdo X d8

F A g ni.d
s e ¢ dsyn
EEAEAE Fx HoEEZ YEWA = 5 YT e B8 (Fol 23 o] AEAE & 5 AUl 8t

2 W, void _declspec(dllexport) initspam(void) Y PyObject _declspec (dllexport)
*NiGetSpamData (void) A3 _declspec (dllexport) 2t A A &) of ch.

L.

Developer Studio+= AA| 2 B2

282 msvcrtxx.llbé ghol B g o 7134 Al L

ShA] e w2 JXE gro| By gl & A Yol A A3 5t ol ¢k 100KE
Z 73t} o) A E£ AASE A, 22 AE A )3} ARES T3 ignore default librariesS 2| A 3H A L.

25. FAT=20M C2l C++ =& HIC 517
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CHAPTER 3

e, Fol M Az HE el §& Z2aW o8 ARESEA I bl A A e = S v 4],
CPython 9B} S ¥ & §& Z 2o st Ao upad Ut o] oA o] AFHeE
Fyste ol Bdd 2 A AlF APl el ARyt

o) 8 Aol A= 7ol B S SB35 C 4] vhol el e)g shol o] A AT o] W) )5S
spg s ol el A AU T T R E RS U o sol 48 WA A C/CH 3§ 229
F2 oA BE S QUL AL C LU Crlopd shol 4o 38 meads 4% 5g FATE
59288 meadel AU ol AL A FA0= A5E 5 STk 8 4 o AEAR
ooz ~aREE G0l S8 me 18 e Baol wA 24T 5 9 S AU DR A5
SholH o % 24377kt ATHE 24 S Sk deih
Shol A2 U4 SHE AL Sho AL BT AT RAUITHE, o} % 22 & Itk Fol A2, shol A2
S S8z 1] F eI of 45] shol W B Z el th, WHo] sho B S ] ohE =
=2 198 5o A} ob Belo] YLtk T Al 8 e 19 ARo| A 2HE sold 1= F A7)
S8l stel M AH=Z | HE TEF o
A Thol g WAASTHE, o 2 F2 Ao W Ql L2 TS A ]—‘—5}74] Ayt o] w9l 2 T30 ol sl of
& A F o stol A A E ZEHE 273 8t= A YUtk HASHPy Initialize() ¥54E T =380k
Ut gtolRof] ME & JAAE APt A9 A S50 %%‘4‘3} Jd ohs UFol S8 22139
o BEAUJEZEHE T2 5 A5 UTh
Az e e s 5EaE FHolE ode AR As Ut HolN BRE ERGE RAAE
PyRun_simplestring () o AREA, sulio 742 QI Els) A (o2 Wl AL o8] AL 914
& pyRun_simplerile () o] A9+ etk £, o8 Bl A AR A+Ee] ANE T2
Shold AT WE W AEE 4 YEUT
o B7):
c-apicindex 3o] A19] C QI3 o] 2ol Th3k A4 B hEL o] Wi Qo] A5UTh DL F R} Bl
BESELES
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shol M€ W s 74 hek e el vl D420 B H o A8 A S AT o] dE el Ak
Sg =T A AT 48T D glol ol AAYES AR N7 AAYT o] AL o E
So] 5ol tha of | A4 S AT ol AHEE 4 ST

#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;

AZE AEZEEANA L 7] 93]
, Fol W QB LBl =Py _Initialize()
" ol aagE/AYE YL 19 g,
z Hol Btk AA z2 o= I

Py_SetProgramName () St dfo] 4 FELY ol
Py_Initialize ()Xt} WA

]
Py_FinalizeEx () T&o©
Ol ATHEE T2 Aan(

[>

=) EE dolHuH o] ) ol A 7FAZ 4= 5T
oA shol W I PyRun_SimpleFile () &E AHEsHE B & 5 9l=d|, A&7

CTE A
— =2 T u
72 FFon Y E2

31.2 B2 D4E RS HolM: He
D57 QEsol st S8 Z2 I A 9o ol TES AYT 4 Ax IS ATHA, Haw
dolE e BT o) 7 AAFH U 29D ANTA A5 20 522 ALeloF T o B
Co=g A4slob s thAl, A BE A2 BT 4 Y&vTh
shol & ekt AT she] WS Y AHE AL ThE o mol = BT 5T ¥ S22 BFoleht dof
GolafoF gtk o)A Aol A ol d PR E FAI = I A3 KRG o] 24 AW, Tl Hol A C
29 Y IEA A Z S A AAH LA L

L dlo) B gt shol Ao A C2 WHs),

2. ABE G GO CRUOR B5 TES S AR,

3. 2520l H QL HolE e Coll A sl i oz WEF T
shol Mg AL o, B o) & TEE TheS ST

1. tlo]E{ k& Col A Sho] oz W3,
2. RS & ARE St kol QEF o]~ FRIOE F
3. AZENA @2 dlolE gk C

o
HAITA 3, Hlol B A8 BA 7L Qo) 2 A0 ThE WS £ 8517 18 s mBP Uk f AT
Aol A % vlo]E] W 7ho] BE e FEQIUE $AT e CFHE BE ek, )3 v vpol 4
£8g 523
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A0 22 e shol M AA g gl B4E AWsE AL BEE U IS 1529 AL
ol Fak Ao A gk 7ol, ol M AB Z & T A AT 3] AT A8 A AU Th(EA T
ohe "ol A ukd Ay Th.

shold ~ag BN oA 4T AWshe TEL LT 2EUT

#define PY_SSIZE_T_ CLEAN
#include <Python.h>

int

main (int argc, char *argv[])

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

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

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

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

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

if (pFunc && PyCallable_Check (pFunc)) {
pArgs = PyTuple_New(argc - 3);
for (i = 0; 1 < argc - 3; ++i)
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 BEL argy (118 ALEE0] ol W £AHEE RESN, argv 2] H BHH FLE TR
A% QA argy W 2 qu—1zi:%gﬂJM4za:1m«%@%@@vg%

SERERIEIEEY
callo]ebil 3-8 A Th, W%%% oW 239 E2 AAshe v AL 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

a2 dibe vt ZotoF

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

T

ful

= 9} W7} C Aol o] Hlo] B WA o] W E
o the A | AR

Zg o] 715 R} ARE = Ho|X

A% Ad Yt sfo M‘iﬂ] |

)

=
KeX

J

o
2

o 4z

z fo
4e Ly

i

qw

Py_Initialize();

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

SIH=ZEHE 273813 &, AT Y E = PyImport_Import () & AM§3te] 2=H Ut o] &
sholH EA LS ﬁ—?—‘&]—ttﬂ, PyUnicode_FromString () Uﬂ °] B W 8 S A3t

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

if (pFunc && PyCallable_Check (pFunc)) {

t
Py_XDECREF (pFunc) ;
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e mEade Qe FES YA PHoR st AW YUt T b ol i $5 B EL
o1 ol Fol ok

pValue = PyObject_CallObject (pFunc, pArgs);

F4 7 M8 W, praluet NULLO AL B4 0) W gol e F2E EFYUT g AED F
4= ANk FU T

3.1.4 LYAHE! oM &5

AF7A WAE shol A Qe Ll e o) B2l A o) 4 AR 9 7)o QAT 5 Q955U T Thol 4 API
tUFE Qe zHE IO o A2 HEFUTE 5, WA Az eHE 3§ Zz oA
AZse Feow 3ggUch BAsA AW, 134 JuAE dEUch ZA 3§ =20l
shold QB e B A BT 22 dojmegAe. thA, S8 BRI AE £ ggow
ZH3haL, Ak shol W B A4 AHEY sl Aol A G Felo] AN AT S =S Ad nEg
A el A . o8 S

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) ;

oo

EEmain() 4 02 Yol 4AFFAHAI L. T3 Py _Initialize () o] s E& Ao o} F
A

EES

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

o] F &2 numargs WS 2718313, emb . numargs () & WAH sto] A A Z B 7 AN 2T
T AEF HEYTh ot S 8, gtol M ATHEE A 22 AYS AT 5 AF UL

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

AA 3§ Z2ARONA, o PHS 3§ ZE A APIE sho] ] ;= E T Th
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3.1.5 C++ =2 IlO|M L EHSI7]

Sho] AL Cr+ m2 o AT A% ZHsFUTh ol o] of @A £8H A= AL§H Crt A 28]
AR Aol ge dgUth ANA0 R Crr2 9 =219 S A4 53, Crt A3 A ] & AH§ 3]
o =

=2 9e Aok P25 o G h Cre2 A 5to] stol A RIS thal Astd @ Bt ot
3.1.6 FEA AL A|A=IOA Hurnt 23517

ol B zEHE S& =2 WAty Ao Aarde (S FA) ol AZ T ZHIE = Aol =
ek A = gkl th 55, 53] sholAo] AHAIA FTH C A B0 )02 7T eholn
g BES 28 of ] WUt

dastAsd e A %EH Ezoyy, dx date) dHZ WA H pythonX. Y-configATHEE
AP 5 A5 Utk (python3-config 2T HEE ALE 7 5 JFUThH. o] 23 HE = oY
Fdel o, o2} 22 74‘: 2 ool A F& AYUch:

* pythonX.Y-config --cflags+ A3Y T A4 S 1 AFFch:

$ /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 3 dujo dF Y1 E A2}

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

Far: of g go]W A X 7] (53] Al&H ho] W of gt o] A oAk sholH 71e]) Tk 361
H, 9 9] o9} Zo] pythonx.Y-config? At A2 & /\}3-31-% Zo] F5UTH

o] A7t oA B E-& #3h
Utk A, W BT

Makefile} (I YA & Zo W sysconfig.get_makefile_filename () & ARSHHAI L) Antd
£E AN VT ol syscontio I CTelitol AU 24 U8 K204y WAL
F2acd §89 =7 o2

1501 STt (BE fY2 AQ BRI 453 AL BEEA o
sl th, 54 P20 B A2H) ABAS AE Aol

XN'MNJN

>>> import sysconfig

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

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

'-Xlinker -export-dynamic'
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g0
>>> 0313 Ao) 7|2 ol gz e, ez fatgoR AYY 5 e = oA A7

F Ut

s B2/ 9 IE E50 IES 4YT W, AL oL TEA(LF, BE, FLT) oo
=8 9T o), v a6 44 Fo| th3lP Aol € so| A mERE,

2t03 FholM 2x TEZ :Jrovﬁ .
el BN 24T 4 9

2t03 = B & ol B g oA lletOBEZﬂlg‘f]r/}
Tools/scripts/2to3 & A-&H Yt} 2to3-reference = E AL

e Ellipsis W& A<,
3
O~

rr
& fu
4z
Ae
o
o
fol
rﬁ
m{o
ot
v
v

:LVE
O
[o
ut
i,
0 0
ok
4
37
rlr
[>
1
ot
m
rr

abstract base class (34 H|o]| A Zel|A) FA W o|A Z e At hasattr () T2 HEHIYS EHE}
AL o BapA 2RE (12 S0, v 4 WA ) A9, Qe ol 2 AT PHL ATTO A
S Epo] 7 & WAFUTE ABCE /M AE 2o 28wl ZAAE ASHA FouAE
isinstance () £ issubclass () o & ZAR=E = A= ZH2EYUT}; abc BE AHAE

= C
BA8. stojxol&= g2 ‘H%*ABC So| et oS T2 5‘\%01 A5
(collections.abc REA]), A (numbers EEA]), 2EH (10 EEA]), &
20 (importlib.abc BENA). abc BES AFE3A A4l W] ABCE WHE % 5 U Th

annotation (o] = E|o] A) FFof| ulet & S E B ALEH = WP, U2 oEYHE T g4 v/

LRk 3 A A9 ol B Yt
AW oAl A ] AALY F A AY A G2 5 3 o) of
HolAd2 27 28, a2, 8842 __annotations__ E4 o E EHE}‘EOﬂ X} FE U

o

argument (¢12}) 45 &2 o] T (EE= VM) 2 AGEH =L FERFY 9_]1}7} 91Ut}

= AR} (keyword argument): T 5= W *“:‘3}]-7]- Qlof] &2

*x 5 Qo] B YR ALE = AAL A& 9, b33 22 complex () E&ol|A4] 3 3
5+ BEF 719 E A Ut

complex (real=3, imag=>5)
complex (**{'real': 3, 'imag': 5})
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o X R} (positional argument): 7] = A X}7} ofd 21 A} ] ]
U AU o2& 9 ol * & 2o AGT 5 A5 UTE & 59, thaH 22 EZF4 3
&5 2T A ARG YT

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

A= T4 vt Y o] § 22 A Y Bigo thdg uth o] thgdell 85 = 7 2ol thall A<= calls
e uAe. BHACE, o Aol d A ALE 5 Atk FIA gol Ao Aol
==
B9 w7 F53FAQ A2 ko) vl 7)W= 2] Zfo] 9} PEP 362%= HA| 8.

asynchronous context manager (] S 7] ZAYAE #e]A}) _ aenter_ () __aexit_ ()

930 2 M async with Bl A Hol& 78 Ao|s Al PEP 4922 =45 gl vink.
asynchronous generator (¥]5-7] A&l o]¥]) v]& 7] A& o] o] & o] & 58 F+ T4, async

def 2 Ao|H = ZFH T A 4H Hol=d|, async for FZ7} /\}36‘ e dEY FES

WEL yicld RAAS TR Fol BT

HE W57 AydE el &+E& 7He] 71 AT o] H F WA &= v]5 7] Alvd ol o]g & olg &

el S el ool 7} W eke) oS A9, AA e ol B MM R L T

v S 7] AlYd oy g4 await EAAF asyne for 3} async with & T8 4+ I5

e},

asynchronous generator iterator ()57 A1 ll o] €] o] el olEl) 1] 5 7] 4|1l o] E] Y47} wh=E AR,
Hl 5 7] o]Ef & o] E] Qd] __anext_ () & EE3tH ofdlolHE AAE EHF, ol AL v
sield A A NS AN ACTH Yool el QAT
Ztyielar ANALE Al E ST, 2 HA (A WSET 7] F9 0y 5L EFIE)
Ay e E 71 9T 31%7] Add ol 8 o]e o] E] 7} __anext_ () 7} E8F & E 39
oldlolHEZ AMEHE, Ht Loz B gttt PEP 4922} PEP 5255 E/H]L.

asynchronous iterable (8] 5 7] o]E]2] &) async for FojA] A2 —,— %1 AA. __aiter_ () "HA
=57 olHHolH & EHF ok FUTh PEP 492 & £ 9] Syt

asynchronous iterator (¥]5 7] oJE]&]o|€]) __aiter_ () ﬂ_anext_() HAEE L= AA.
__anext_ =09 olHE AAE Z&HF oF I} async forE StopAsyncIteration o9
7} Ay HH”PX] H| 5 7] o] 51 HolE e __anext_ () WIAEZF EHFE o olHES FUTHL

PEP 4922 T 9= 915U th
attribute (6] Eg|HE) X F AL A}L3H= o]

AEZRE ag 7AW, 00X H I HD}
awaitable (] 9] Bl ) await T3 Ao A} 2T

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 (v}o] 2] 3t4) violELF A=<
Hg] 2= ('rb', 'wb' EE 'rb+ )E del ¥
io.BytesIOP»]-ngp.quJFlle 9 e~H

or AAE 93 2 4 2 5H2 A HAA S 4 59 = B

bytes-like object (W} o] E Q5 A A
&% memoryview 7“ 73]%
Hlo|EEE A EL ulo]
vholy g st & 7<1 , A
ol AMNE2 H} olie] tlelg 7
»7) o | ELGF AA Y 2t TAF )
memoryview 7]- JdsUth & Ar=E
AR AN A €S 2P o] 3
AESSIEY

nlm
0
it
N
B

Gz = AA e 2e gL oAlE =01, AA o7t

Ae AA. ZFE oyt __await_ () HINEE 7R

g

Al) bufferobjects & A Y3 C-A1E5 HE S AAXE S5
2 B2 bytes bytearray, array.array AAE .
o 2] H o) B} & k= of o) /4A] AAE o] A 4 itk 4R,
59 A% 22 A5l dauh

B7E7NAQ B A5 o) d A%o] ARAE FE (21
X 7hH W AA Y 2= bytearray 9} bytearray 2
Zutoly e dlolg 7 B9 AA] (7] A& vl EERH
AE9 o 2= bytes bytes AA 2 memoryview 7}
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bytecode (H}o] E F.&) Sho]# 24 TE = ulo]E T = 2 75195 =], CPython 91 ] = 2] ] of] A] 5ho]
Z2 I YR TP vlolE TE = pyc 3Ll A Hof, 22 YL F AR AP u)
o ek A BHE U T (0] A HholE IE 2 o] AATAS T 5 dUrh. o] (F3FAel)
£ 7 vko] E o) g et 1A S Ad ke 714 717 Gl AR E Tk B vo]E AEx
A2 ke sholpl 7 A Al A A58 A0 R 7t EHA E, Shol M W) Zhe] QA H o] A = gk
Zloll 2] 8ff oF Pt
HlolE R Heo]So B dis 25 A Aol Y Th

|

Aol A3d qH 28 b

o

o o
Lo

9

I

AT FHE = H

coercion (Z.o] ) 72 o] F AAE Fuksl= dito] dojys 5o G o AdadAE 2oz
SAAo R AstE A olE £0°],int (3.15) £ AFE AT 302 AR YTh AW, 3+4.5
oAl A, Z+ QA= th2 § o] AL (BFih= int, TF2 3FLbE float), 58 T 317] Mol 22 P o= W 3sfof
Futh 2182 ¢¢ow TypeError® 42Utk ol Qlole, S8 = JERAE =2 18
W7t 22 gog Aste|Fojor FuUth o & S0, 1F 3+4.5 3=t Al float (3)+4.5

complex number (¥ 45) 538t A Al2g Y|, BE KA/ AFR SR oz 59
AUtk sl A5 &5 A 1Y AFDHE FH AU, TF TN = 18, A=
2 271 Uth gpol A T 2o YW E 2 BAFE 7|2 (G UY; d R AuAE

]

i 1ot
T
IS

#3t4 715Yurth 2 1A

= EHYCH

context manager (BRI AE A2 A} _ enter_ () & __exit_ () HIAEE HoTdFo 7N with Fo
A Hol= 37 & Alojst= AA PEP 34322 =5 5 th

context variable (AE| A E W) A8 AEo] wet g2 S 71 5 Qe W o 4 A8 A=t
Heo giaf O S 7 = = 28 =-22 AFae g ych 28U, AHA2E H4-E
Foll, 3tvte] A Ag = oy AHAEV IS 5 o AHAE Hpo F 85 = FAA
v 5 7] B30l A4 FA8k= 2 YUt contextvarsE FERTAY AL

contiguous (A<%) W 3= A &3] C-A < (C-contiguous)©) AVt LE T+ A<

i o AU Th G N H s C-A%ol WA EEE A% YUTh A Dol A, T
A 2ol AL, 091 4] Al ZTSHE © 8 e Qe 0] AT e) 2 v 2] of w1 5] o] of ek Thakel
C-Q1% W ol A, M2 340 A2 FEE2 B2l vk o €27} A4 we] v o,
A uh, EET A% W Dol A, 2 AR Qe 27k Ah we] Wb,
coroutine (ZF¥) T HL queee o dwsd geduch AR
O AR 2EF T 22 0L o thE Aol A, BE

o] AL async def ¥ & AL & UF L Th PEP 4928 HA L.

coroutine function (Z# ¥ §4) 315 ¢ A& EelF+ 5. 270 PPt async def F O 4o
#9131, await Sasync for?async with 719EE EHE £ AHUTh o AT PEP 492
o olef == glF Utk

CPython }o] 2l 322 127 @10} 2] 392 ) 7@ eltl, python.orgol A W) £ Lt} o] &L Jython o] 1}
IronPython ¥} 72 t}& 71 ;

decorator (t] Z | o]€]) t}& o
A-gg Yttt Z g o] E hod () ¥ staticmethod () YY

Hmeole B e v B B0 Bk 0 T H5 B e goz S5

2 B AGAN A3
a1, AN E 4 o,

Tq

(]
ot
ol
2
rlr
Q
o
QO
[0)]
[0)]
5
(0]

def f(...):

f = staticmethod (f)

@staticmethod

(F= soTAT ol AS)
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(o1 sl o] A A A%)

def f(...)
22 Ade] Fao® EAA R, @ A5 2 d Yt H Z g o] B of th 3t o] ZHA 3 &2 T
g ok 2ele g of 4HAE RE BTk

descriptor (JAZHE]) WME __get_ () o]t _set_ () oY __delete_ () & H93+= AA.

FH2dEREU2IHEHL W], JEGRE 23] = 58 A4 &S 52%}‘41’/}. BE,
abs AW, 2A, AA S AFEE ], ] FEla A A bEtal o] F B AAE
ZrEUTh AT b7 Y23 Y, fGetE oIy A=t ESEFUTh 23 9gHE
ol&l| = AL gpol Mol T gt A& o]sf| o] I, g, v E, 22T E, FE A v, 2 E
YA, 35 o2 FR 59 B 75 72E o) F 0 A7 wE g YT
23 HE 9 wA =S tf §F AA| g Wf-&-2 descriptors of] W3 T}

dictionary (5 A 2]) d2l2] 7] & ol Ul Al 7]= A& v & (associative array). 7]+= __hash__ () <}
_eq_ () WAEE ZERE AAE 5 5tk DolA A U

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.

dictionary view (9 A 42] ) dict.keys(),dict.values(),dict.items () WA E7} E8F+= 2

)
ASS gAY Hebn REUDL o A5 94U e] §RE) e 540 BE A, 94
W7t A8 m, ) o] WakE Btk SUTh gAve §E 4% PLER nRe

list (dictview)E AF23FH B U th. dict-viewsE H A 2.

docstring (5 AET) ZH 2, 35, ZEOA A A T A 08 el Ex1d gEHE. 29 ETH A
2 ul= FAEA G Aold ol o AAF o] B Fe s, 5, BES] _ doc_ JERREER
AAEAYUE JEZAHAAS T AT T Jonz AH ] dYAE ST FHE A FAdYTh

duck-typing (5] €lo]F) u}E S o)A E 7HH =X dddt=d AAY FS HA g2y
28 Y AL, @3 A EY AERREZN SEH AU ARSI UG (LAY Bola 2849
Ao, 2AL 2 th)y) EQT Y Ao QB o] AE FxTo e, A HAY T == 1Y
A XS s FFozZHN FALS NAT = JdF5Uh 9 Efo]F2 type () ©]t}isinstance ()
S AFES AALE I8t (3R R 9 Elo] o] Al ol FEl s 7 HYE 4= 9l2 o 93] oF
ghuth) tiAlol, hasattr () AAPYG EAFP Z2 289 -S SUTh

fol

EAFP 3 =R = 84 & £317] 7} 4 t} (Easier to ask for forgiveness than permission). ©] 3] 2 4 &=
spol I AELYE L, EHIE U A EGRESY EXE 7ML, I 7 o] B o9 & 5
Ut o] 2835t wE AEd 2 B2 try@lexcept B EAZ EA R UL} o] HIZYL2C
o} 22 02 Be ol A A% ALEE = LBV 2817} o) ek,

expression (E@4) oW o 7oA 4 Ut FUA 22k E B B, RA4L H e,
o5, AEZRE AN, AL §H-EH 22 S s R 845 ot =d AY Ut
e B dolzdeog HE o] FAHE ilexd, 284

oz 8B

f-string (f-2x1F) '£' U 'F' & SOl A AL HEHEES
A 2EHE 9o 9T YYTh PEP 498 S H A 8.

file object (3} ZAA|) 3} Aol thal| 5L A FFA API(read () Ywrite () Z2 HAE
Aol et 3t AA = AR ta3 A4 st oy o A% A
(& &0, 2T 4=, Ad-FEE 3, &7, spol=, 55) ol gt ANAE FA
Y AR = 5L Z AA (file-like objects)} 2~ E F (streams) ©| 2t 1= B FH 1t}

AR ZE A $5e) 5 AR S o] A5 YTk S aw) vhol U 2] 519, ¥ = (buffered) o] V] 2
s}ol, H = 519 o] 9] Aol Ak io REAA B HUTh %Y AAE EE FHA
- open () B4E 2% AU

=
file-like object (3} ZJA]) s+ 24| o] v e 2.

rlot
o
=
M
R

Q
o
i)
K
4z
il
rlr
jin)
ke
>,
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o

&)
e
p

)

AR

rlr
)

finder (3}Qt]) dx2EE ZES AT 21 Al

o] M 33, o] %2, F FTFY FAH 7t Y5 UTH sys.meta_path & FA AHESH= W E A =
v}l ¢} sys.path_hooks I} A AFESl= 4 2 AlE 2] 312G,

] ZA 3 U8 PEP 302, PEP 420, PEP 451 o] V-3 Ut}

ﬁoordivision A=) M R e E WEste 784 ‘/]’7‘?@1- "r A AR // o
dEsel, N1 // 4 FH2 27k FHA, A AL 2. 758 E¥FUY (-11) // 4
7F-2.755 U9 3 -30] Holl 523 oF gt} PEP 23 S%E/‘ﬂﬁ.

function (¢52) TEAt A oJH ZHS B F= dHo FAE. ﬂb}j— O]/‘o}iﬂ A7 ALE 4= 9=,
viti o] Aol AhgE 4 913‘4‘:}- o 7] 5 2 WA =

function annotation (g4~ o] - H| o] A) It wj 7| 4=} |l
T ool Ao g 3 S E B AEFE YL A& &
‘310]-501 Aoz 7= 2, TA 9 int ¥I3 kS = Ao 7 VP Ut}

N

T
I
oo
2
Lo
2
fr
i}
o
gﬁ

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 Z2 I W7 EA ez BB TIE R = A Ao 7]
7V BE.
__future_ RES YTEIT I WSS HSS LA, A 7150] AA AL o7 o] 27}
3L, AAFH 22 0] 7)ol HeA & 5 syt

off
filo

=
=

BT 5 =S 5

r[r

>>> import __ future_
>>> _ future__ .division
_Feature((2, 2, 0, 'alpha', 2), (3, 0, 0, 'alpha', 0), 8192)
garbage collection (7}H] ] £=4) O A} 25 X 9= v 28 & vhddl= Ax) gfo] M IR 34 AT
A2 2T AARD BS 5 AL 28 HIA £ A7 S 55 A £ AE =AU A

$A7= ge _‘?_‘%,—‘3_ ARSI A AT = dF Ut

generator (Z-]]L‘]E-]]()]E‘]) xﬂ Lﬂ Eﬂ o] E% o] E} Eﬂ O] E% = %E:]—Zr—% ‘;‘:}—/r\‘ g4t ?;5:]' i% Exj 0] LE'” E:]A %}\'t:
£ BECyiold LAAL TR Aol ST of GBS P S next O
Tz 2ol Sk A 4 Dk

HE A ole & 712 7| AW, o | EH o A= AlvE ol H olE | olH £ ZFe Ytk o=
S o)) 7k B oaHA ghe AL, A S8 HA R HE g

generator iterator (A U] o] €] o]E]# o] €]) A d o] E 471 whe = AA.
Zyieldr QN Ao AYE SV, A (1 W2 97 59 1y-B 5L ZHoE)
AR RS 71 guh AdE el olH e oIy ZFANHE, Hid e SAgYH (EE vt

A2 A zehs g4et g U,

generator expression (| U#|o]E] 2 4)) o|HHo|HE EdF+ 4. FZ UL A E FY o=
for Azt A bR is Aol Hol B+ VAN AY RelUTh AUV A e SR U4
A& e BEo WU th
>>> sum(i*i for i in range (10)) # sum of squares 0, 1, 4, ... 81

285

generic function (A g 34) 22
uf o™ FRA] AHEE A= H
AZ 23] %] 8015 F§E3} functools.singledispatch () B Zd o] E] L} PEP 443% KA Q.
GIL %19 QlEze]E 5 & BHA|S.

ALt %HE e dedd disl FAg oY g FAE . TS
239 2] &

kY
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global interpreter lock (A& ¢le]=2]E] &) 3l Hoj @ A d1}o] AH E7} glo] M vlo|E 7 & 2 A3Pe}
£2 R4e7] 918 CPyvhon QB2 B 7L BB W AUE, (dictst 2o F2 8 IDES E
Bohs) A7 20l SA402 5 ool G R o] Chython 201 & B0
eynh 9z H JAE FIE A2 °1E1 2l E s o =3ts] 47 et o

Z2AA ZIAZ AFsts HEE Y g FES AT YTH
SHAIRE ojE R R 552, RF U AR B, ol s 22 AL A A FA e 3
o= GILS BM?shﬁ AAERASUTE =3LTV0E & o= 34 GILS vhd vt
A H v AsHA FF ol HE F1v) <<£ffﬂ£°ﬂ At %(free threaded )) CﬂEi EEHE W
A shE HAL =82 G A0 A XM= A
=AUt o] A% H%‘S %%‘}% A& %Lfa%% all %}‘}711 UP—OW vﬂ Hlﬁo} = 3017‘
ﬂoidﬁ%&i’isww.

hash-based pyc (3] A] 7]}t pye) #2735 2317 %’4611 S A oA o] HF A Aol obd A E
AHE- k= vho] E & 7| A] 3. pyc-invalidation-& 3= H]L

hashable (| X] 7}5) A A7} 428 1 Fho] M3HA &= A ZFF<S 223 (__hash. () WA =7 E 87
yth, o2 AA e} ujad ¢ Jodl (__eq () WAET} %3?5”4 th), sl Al 7}—3”/}3’— 2k
Brhin W ws) & oA b5 ek AR S o] 54 e 2otol gtk
AN A4S AAE DAL A AT WA AT S DA S, o) A TEE

402 A S A5 TR ok
o 72 ghe]® o EH g AAS2 8 A 7Hs F Ut (BI2EV gAY g 22) 7hA dE o v &2
la‘zl FsUth (F= oerrozenset Z2) B AHoUEL 259 8450 s|A 7te & w vt
A PSTUC e Ao G20 ALTS AAEE RS2 N A
AN LS A etus) RE thatty vl wE 1, A g2 id () B FE wESol g UrTh
IDLE 3}0]2‘_%—14? =3} 7|3 37 (Integrated Development Environment). IDLE-2 }o] % 9] % & vl &
AzH 0l B9} AE zel g B3 LT

ok

)

o)

7

e Z2e A4 89 AA = 2L 4G, FEe AU o AAE2
ok Al gt A sk | A AAE t&‘éoiolﬁﬁ Ytk #skA] ok s Al gkl 3lo]oF
g AEES FUH AE S0, 9M U 9 71-

5

g

=

g

=

(¢}
m&ﬁA ko

s E’_%ﬂ sbolH T EZFTE R 5 ho| W I =AM ALEE £ I =S 3= F AL
importer (%]-‘LE]) ES 3| % st 2 V)% 3t AA; S Ao kel o]z 2 AR YUY Tth

o
interactive (t]3}3)) 3ol ML 318 =z E 2ty =, dE=Zg e 222 EXN 243 53
48 Qe 5 93, 52 AWD 272 B 5 drke £k A7 glo] ©A) pythong AR

A2 CAFES) Fuliwol A AHaE A% b 5 s th. Al ofolo] g AAaAY LED
57148 o] thi = o) 732 3 9H U T (nelp (x) & 7191 5H41 £).

Fl

[U
it
i
_l
p

interpreted (QIE]Z 2| E]&) nlo]E T = Auld o] &) o 2 FEo] 3R] 7|+= sHA gk, sho] A
2 At A7t ol Az gl E dofdUrth o] A A H o2 Ad 5td S THEA %}-T’—E
/\’\ SBdE AH AP = e EYdYeh 2 22O & ‘:‘] A A3 A 7] 3} ] gk
JdEzZEH ‘Hﬂ HE ASY dojH o %2 /g ]% kSt o 3he] & HA S

interpreter shutdown (21E]Z2Je] £8) £ 532l LS 2 o, glo| A QA Z el = EH 3 Al 7] 9
9=, —:-‘5011/]' Ay 7HA] S QSR T2 T EE @%% AAES dAFoZ
Hbdsty o =3 7 2] =47 & oy H S ES YT AR AR 9] 3H ]—L‘rweakref o) Q=
FEEY AR S AZANZL = AFULE TR A7) A AYE = I == g e ss e &
°““Eﬂ, :’—ﬂol AZd‘“ dEol 8 71534 <= = A7 EJUTH (E3 o= gho] B g

]_
Folu 41 FAE YU eh.

oz elE £89 FH 9AL AYPH = main_ BFE
A

]

REECER L

R
AR olHHEY 2 EE (1ist, str,
ite

iterable (0]E]2]8) W &S o Wl sl 25 Sl 7
tuple &2) A AL 5, dice L2 8 Wl A= P95, shod A4 = O W AAx

AGE THEE _getiten () WAEE AA B8 52 2ol o] AA 5 o] G5,
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. 0
gdolHE EHF U ° = A A AXNE T FEZU oJHHAES
AHE S, HE2 iter () £ 2E5HA W, olHEolH AAE AH HE 22 /5 YT for 22
oJAES A ES AN ATz T, F2E 2= T olHAHOHE FobE o) F e
A8 Tyt ol B e o], Al s, Alddo] B = HAL

EZEHH(EE W T next () ZALGSH) 2EH = FEES AHHUHE E2iF5 U H
ol o] tlo 8 7} §l= wi= th4l stopTteration o9& ot o] A/ F oA, o]E & o] & 2
A= 4=, 0539 BE_ next_ () WAE E&L StopIteration 92 & thA] 4o 7] 7]t
FU ok o E o]l ol o] B AR AN S EFL _iter_ () MAZE 74 o] 8757
ufZoll, o] H @l o] Bl & o] Bl 2] £ 0] 7] & staL ThE o] H H B 5w Wols ol 29 oA AHSE
F AFULE T8 A& o] He] o]H o] A& A=3tE Z=EY YTk (1ist Z-2) ZAH oY
AA = iter () ¥ 2 ADot AU for Fxo| AHEE wjutct A o]H g o|HE WYt o] |
AL olE g o]l thafj A S~ et 2 3t W, At o] B | o] M o] ALEH o] ] &AZH o]HH o HE
=8F A1, ¥l AH oA E Ho] A whE Yt
typeiter o] T ZpA g W-&-©] Q5 1ith

key function (7] &) 7] & =& F 8 o] (collation) T+ 78 & (sorting) ©] L} 8] & (ordering) ol A+
€t #e sdFe SUEJ Yk A& £0], locale.strxfrm() & Z2AY EF YA 2=
A 7)E mES o e
gto] Mo g2 T3V S AT o] BA A A XA Fo|=AE Alofstr] A& 7] T4E whot
EY9Yrth oA AE9E=min(), max (), sorted(), list.sort (), heapg.merge (), heapq.
nsmallest (), heapq.nlargest (), itertools.groupby () ©] UdF5Yc}

7] @48 HEE e o] B ol dFUth dlE S0, str.lower () HIAEE AolA & gl
R 9% 7 F42 A E 5 AFUTh AA R, 7] FAE Lanbda A OZ BHE S
A, olF AQdYtt: lambda r: (r[0], r([2]). E3h operator BE-2 Al e 7] T4
A A AE Al S8 th: attrgetter (), itemgetter (), methodcaller (). 7] &¢4E WED
A2 31= W ol T 3 o] 2 Sorting HOW TO € H A 8.
keyword argument (7] 9 & Q1 x}) <12} & HA Q.
252

lambda (th 28 ) gro] FalAE Shte] 284 oz TAT o B gt et B4, gt
N B2HL lambda [parameters]: expression YYrth

LBYL % 7| A ef X 2} (Look before you leap). ©] T AEFYE TE 0| U 23] & 17| Aol YA H o2 AA

< AARIY T o] 2B Y 2 FAFP F U v H a1, B2 if 2o SR SAA A FH YT

28 = &AM, LBYL H2¥ 2 (H7]) & (F7]) ol B 20 DA 2 Adel A

HeArgdezA s dE = dsuth

list (B]2E) W shold Al s T o]Fol= 273, Ao tha JA2701) o 7] o, 42
2 E (linked list) ¥ th= th-8 Aol o] vj 23 AR o}

list comprehension (Z] AE Az g3 A) A/ A2 45 AR = dRE Ay 1 2HE g rER
=8 FE= 7HES . result = ['{:#04x}'.format (x) for x in range(256) if x
5 2 == 0] £ 00| A] 255 ALolo] Q= B4E9] 1675 (0x.) S TP B grES
HEUCh i 3 AR 4 95Utk A, range (256) of St 4

2 3ot

Sfsho} ek = el

importlib.abc.

loader (2t]) RE S 2 3t= AA|. load_module () o|&= o] 29 1
BE vy 7t 85 Ytk AAE Y82 PEP 302 &, =4 | ©]
Loader & HA| Q.

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

mapping (W]3) &9 7] 23] & A Y3l Mapping ©] U MutableMapping 4 Wl o] & S| &
off AAH HAHEES FHE= A o)y AA. 9 2= dict, collections.defaultdict,

collections.OrderedDict, collections.Counter S & 4 95U rth

[>
iy [
R
[>
rlr
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meta path finder (W€} 2 5}QIt]) sys.meta_path & AMo] FejF+ 3hlH. HE A2 oA+
Az e It & #HAE o] 7] += A T YT
el A2 37t = WA EE] A= importlib.abc.MetaPathFinder & HH
Hyth

¢

metaclass (W e} F2|2) S 2o Fea A A= FHd2 o5, F:2 gAY, Hlola FHaE
o EE& weyth g Z EH"L o] Al Q1AFE Hholr FEAE B E= A UL Ut} R
A A 223 AojEL2 7|2 LA S Al gt slo] WS EHA BeE= A2 AxH
HEe ZH2E WE 5 o= 74%1\4@. REE ALS R Al o] =7 AS 28 AT, 87}
A2 o, uﬂE}i?ﬂAL ZEeta ol S Alwguch AJEYRE M 29 2 7] (logging),
2= bEA e 271 AR AN A, ASE FAH B 2 FYo AFHSUTH

metaclasses ol A] T} 2}A| 8 ) &2 2F

method (WA &) S H}Dl Qkof| A %ﬂﬂ
I HAEE A HA AA(HF self
A2FZ 2 HASL.

method resolution order (WA= AR +4]) HIAE Z2A A= X35}
SopSe] AUt 23 Ao 25 E so] A Az 2l E ol AHg
Python 2.3 Method Resolution OrderE X2 3 vt}

module (2.5) sho] A S=9] 223} B9 & FYSHE AH. BEL 999 st A AANES T o)
308 24Uth REE Q3 A o9 ol Aoz zehv

714 £ BA K.

module spec (5 2%) RE S 2E3l=0 A&5H = o
importlib.machinery.ModuleSpec & AX2HEH A,

MRO HAE AH =4 & HAMSQ.
mutable (7}H) 7PH AR = gho] M = AT id () & SAFFA FAGULH EH T HA L.

=
named tuple (W] = %) (named twple(V] = F5)) o] eh ol FEONA F5 3 o] & 2 o] =
HEE o] AUA B 5 It 2o A2 B 4 UL RE G} 2ejso] AEH UG

Folt Zesol e A5 E 92 4+ AU
time.localtime () os.stat () 7} ¥FE3E 2FS 351, A& WA o] I EZ Ut}
T O} & o= sys. float_infoYyr}:

>>> 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

QR IE FEL A (S o) AU

Lrlr
MU
o,
!
>t
il
é
>
rr
&

collections. namedtuple ()=
FEAAME S e B 7HA F7HAAESE F

N
N
_<,>L
NE

krl

i
31

namespace (¢] S Z7hH WHEL7L A AT =
A= o Z

= O o
22k (v W4 o] F B7ro] A% Uth o § B o]

=]

2} X
R A REAS LT YT} o & &9, &4 builtins.open Fos.open() S I1ES
R

O o,
o o o

= 2oJdl BRE T4E FTHIF=AE THH T A
AT FA B4Adod =22 S Ut o & 590], random. seed () B ltertools islice ()
2t 2 I S5 0] ZFZF random I itertools BEO 9 & FEE 12 o] WEE U}

namespace package (°] S %Z}» 1A & A
o8 BT AT A= 2
7] 4] 9= ohE U o,

EE T HASL.
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nested scope (54 H ATL3T) E#7 B0l M4 E FEE 58, o o, OhE §4 el A 3
9 Pt ik ool G ARES F2T 5 AEUD P 2nzt |R4o s Fa
R, e 5 A Sherhs Aol RS ok FLith A MAE L g e 2mmolA] g
#UTh 0pRAA R, o WSS A9 o F2kol A 23 ZUTh nonlocal & W} Az mo

e e e,
new-style class (+2Eld 2 2) A& 2
B 2719 FolH W AN =, 22
__getattribute_ (), Ed 2 WA ZE,
2 A2 3 24 9 g Th

S AA o AHEE I Y= F
28td 32429 slots_ , T )
~eE WA =S e Shol W] AET G 75 E

object (AA) ) (AEHEY ) S 230 T2 (WA E) o] Fojd BE oy, =3 BE FoEtdd

Qmaqqz%owlAqwcng

package (3}7] %)) A B ZEE M, AARCZ B A7 ANES 2T F Y=o 2s. 7eFog,
3} 7] A= _path__ olE E7} 9t slo]l W R EQ Ut}

@%ﬂﬂﬂﬂﬂ%%lﬂﬂﬂEiw&

B (e A E) B oA TR S gl AR (EE o® A9 AXE) B
2l

B8, T B RS g

parameter (W] 7} ¥ $>)
A e e
A=l

o 9 x]-7] positional-or- keyword) A A A2 7] HEA 2 AdE = e dAE ALH

9
e ol 210] Pt 18 W Sl e o1 o] &4 o 5 bar

’def func (foo, bar=None) :

o 9 X-A & (positional-only): A X Z T Al52 5 = AXE AZFULH J A AL wi s+
S Fol o wi/f A £S5l / FAME 238 1 F ol AT £ F U A& S0 ol

A posonlyl 3} posonly2:

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

71 -2 & (keyword-only): 71 EE2T AT 5 = AAE AT 7| =-H & v A
A 5 Y w7 g BE oA el 3hute] 7FH-9 X w7+ & T = 2 Fe) A
Aog 4= dF Ut A& £, b2 A kw_onlyl 2} kw_only2:

Lo

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

o 7VH-9 A (var-positional): (T2 1) 7| H =50 2] S| A] o] ] gtol 5o A 9] %] AR}& °ﬂ o 3H)
AZE % 2 A7 ke Yolol AALE AR T, ol7 wAASE A o] B
£ ol BoA BgE 5 dF U A E S0l ool A args:

def func(*args, **kwargs):

o 719719 = (var-keyword): (CF2 1] 7] M 2=So]] 9] 3 A] o] 1] WolS o] A 7] = QA A}Sof Tl 3l)
ATE = J= 499 M 719 = AAES AR FUTH ol & w7l g w7 ¥l o] 5ol
g ol oA AoE £ AF U, ol E S0] A9 Ao A kwargs.

AHsE A o)z

]__E
L e =

mlo

A% 7| EgheE bz Ad Ho AL} B4 AAES ARG 4 A5

ol 2} —9~01 A &, A2} v | H o] xpolo] L} 2= FAQ A&, inspect.Parameter S 2,
function 2, PEP 362 HA K.

pathentry (2 E2)) 4= 7% 7or] 7 J2E G RESS 27 94 FneE Qre 4= Ao

shte) B2,

path entry finder (73 2 Q‘]Eﬂ g}elt]) sys.path_hooks ol Y= ZHE(F, AR AdEDZ F) ol &
=3 A, Fol A2 dE 2 RES ZE=YHES L A5 YTh
o

BE e 3 H o] FH3}

path entry hook (2 QlE2] ¥) sys.path_hook B|2E9 &= ZHEQH, EA A2 AEZ oA
EESZEHS L Jud Az e gy & an Ytk

1
)
2l

r[r
=
X
(A
m]n

importlib.abc.PathEntryFinder o] U3 4T}
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fifo
R

path based finder (% 2 7|4} 5helt]) 712 vl e} 4% 79l H S 5 shupele], QrE A2 o) BE
Z Ut

path-like object (B2 F AA|) 3t A28 H2E ‘/‘rEP‘J]“ AA. BEF AA = 42E YEHE= str L}
bytes AA o] A} os.PathLike Z2EZ S 73 3= A O‘L]I’% os.PathLike Z2EZ L
ﬂ%ﬁ%ﬁﬂ%nafwmm>§¢§§gﬂﬁsuwﬁwms4mﬂﬂﬂﬁiiﬁﬂaf
Jd5 Ut} th4l os. fsdecode () & os. fsencode () & Z+Zt str Y bytes 23S B A351=1
AHEE 4 A5 Ut PEP 5192 L:—?JQ Fsyrh

PEP 5}o 7] 41 ]9k PEPL= ol AR Elo] BEE AT 5 AL sho]f B 1 mRA|A EE
B0 3t A2 L /)5S BEshe A A QUTH PEPE A 9 7] 5ol th @ AT 7% ALk
B 272 A F s of gt
PEPE #.8 A2 & 7152 AU LAN 08 A% e QAL 244 shol dof o1 4
AR 57 918 718 WA S AUtk PEP A4 A AR UE Wel A 3l & 7553
2

242
ulth o A £A8 @ Aol Ygth
P1Ex3A L.

portion (£4) PEP 420 o A 2] g A 4, o] &
FAE9] Jg @ip 9ol A== A 7t

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

provisional API (3 API) 27 API:= %2 ghol B & g9 3}
X

- 3471 Aol o] ukA) sk Ste) Tl e el ol Sol 9l
Fuch.

ofr of

A58 A9 8
Ak AEiF o 220 2 W3 ol 951 & B, ol AL B, 0 ATLAE

23ttt A4 eerE 34 S8 o] FAH A g : Cadwge
%ﬂoﬂﬂﬂoi“ﬂ%ﬂ:%%ﬁﬂﬁﬂ—Am%EﬂWﬂﬁﬂ%ﬂ%ﬂ?ﬂ%%@ﬂ

A £ ool usia} ed N1 5 Y

provisional package (X"751 JH?] X]) 7 API E B A

O
Python 3000 (3}0] % 3000) “}o] 2 3.x vl 2 2elef W w (M 39} w27} W vjefj ] o]ofr] | Al ef| vt
Solxl o]Folth) o] A= (Py3k) 2 E 27]E 3

Pythonic (s}o] The) THE Aol S A QutA APEL LA =8 7 al
oA 714 243 AL £ ol 5L Fho] M2 ofolTiojut o}, 5ol o 4
AT 22 oY A2 for #2 AHEAA OB EY EE 24 AdUrch ohe w2
Adojoll& old T/ FAH=ol ReB R, spo| o 5otA] b2 AHHEL Aol A 7L EE
AHE8H71 = Ut

—

oA, wko] 2 <l of

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

o 238, sl drhe e o 5]

=

for piece in food:
print (piece)

qualified name (J 7318 o] &) REQ AP 2FZ oA RE AYH Fd 2, T, HA= o2&
(BE)EHAFEHoEZ FEH o] F. PEP 3155 oA Hogguth A4S T FeHay

A9ol, AT o 5 AR o] BT} 2Tk

>>> 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. ualnan

'Cc.D'

>>> C.D.meth qual e__

'C.D.meth'

2ES 7M7) = AL , &3] A F3FA o) (fully qualified name)> 2= R R 7| A 5&
Z3EA RERE 7= ZJEE g d o]5 S 9 gyrt} o & 9], email .mime. text:

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

referencecount( IR 34 AA o 3 FRY NG AAY IR 34700 F Dol AW, Wl s}k
HUth AR 34 FHS dutd o7 sfo|A I o &5 A = FA T, CPython &9 34
"?J‘%D}- sys BE2 5 AA9 I=x A4+ E E8F = getrefcount () & FY Tt

regular package (A 7] A)) __init_ .py FLL 3= e gt 2L A5 A 9] 7] 4.
olF FH I 7IA = BHAM L.

_slots_ e o] Aelol, AAHA o ER RESS %
e g AAGe A HEelE Adste B3E S A7) 9
AL 7L 1 BolehA, HlZ el Ue $4 TGN B 52 ¢
99 492 B ol F4UTh

sequence (A|F2) __getitem_ () ST HAEE T3 A5 ADAE AL SuE 84 AANAE A
3t Al A2 dolE B8 FE __len_ ( =
L]-"‘%HE ,list, str, tuple, bytes 7} 9,‘\%1/]1‘/]- dict T3l _ getitem_ () I __len_ ()
= X]ﬂﬁ}z] OF, 23] o] A thAl 9o £ 7)1 E AFSSH] Wl ol Al AT o2t misd o'
-A:L%"/P‘_ Aol 9] 3f oF ghch

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 (J 2 t]A 8 x]) & o] 3pLte] A} ol 7|2 A A= = Al g T t s X9

slice (&2}to]2) H-g A[A2 o RS 2o}
W5 uUth variable name[1:3: []
HES (ME2THE) Z7|HS WR AR slice AAE AT
special method (5= WA &) Jo]H o] o o A4S, QA 22, Asid uj] A2 OEEEQ ) A
Z. ol HAEE F Y LEZE A ZEAL . &4 4| A == specialnames

o £ 2 BHEol A Q5T

statement (—“v’-z‘) AL 2 E(ZEY (EF(block))) & 743 }% %—F&‘%MD}. EFL xd4 ol AY

ZIEE AFS3tE o9 7HA 2R E FY st Ut 719 if, while, for.

text encoding (| 2E Q17 Y) FUIE AL v ELR "Jiﬂoﬁ}%itﬂ‘

text file () 2 E 5}4) str AAE ¢ & 5 v 9L AA. 5%, g 2E 5192 AAZ = vfo]E A&
HolH2ERE A2stu die o9d & AF AHFUch dAE 5tdo o2& gaE
Er('r'EE'w) 2 dd 3}, sys.stdin, sys.stdout, i0.StringI0 & AAEHAE E F
A5t

Aol =R A7 & 93 2 4 9 5 Aol Hal A s o] v 5 £ FEEA L.
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(O &2+ ﬁ(<)/‘ﬂ Nz SRl —rx}"“‘ A
% A& stA = AT Ojﬁ% 742 o] ol A &R 7}

orulch ol o1t A 6 A o B EAG Bl L A 1
A 27 FNE ofe] Zol 2D 5 Jrdl, HAEIS L0 53 22 d5Un
type () Shol4 AR & 170 oW F7 AN AN E AFFUH BE A& Fol Ak
AA] P& __class__ EPFREE FA2T 5 QAU type (ob)) 2 @2 5 A5 YT
type alias (3 o Q2]o]2) BL 4@ Aho] o 5] W o] A= W] 5 o]
Yol dejoj e @ IEE desshe o 443U o8 S9:
from typing import List, Tuple
def remove_gray_shades (
colors: List[Tuple[int, int, int]]) -> List[Tuplel[int, int, int]]:
pass

o= 2ol o ¢7] 44 we & dsuth:

from typing import List, Tuple
Color = Tuple[int, int, int]

def remove_gray_shades (colors: List[Color]) -> List[Color]:

&t typingd PEP 4845 2 3HA 8.
P E) fg, FH2 A EYRE E 5 i AS U RkS g VdiE £ 32 A s o=
A
Y I E = A ALgolH -L‘rol oA ZAE A & dFUTh AT 34 3 4 =76 {8319
IDES] 7= &4 2 A EH S FHUTH

¥

=
A9 A4 g AYety, A9 A, Fda JEHHE ¢ 849 3 IdE L& typing.
A~
=R

o] 7152 A3 typingd} PEP 4842 Fx

universal newlines (f+ UM A & d3)) 3 22 AEs = o
A BE: AU AW EA Bl \n', QESE Bl \r\nt, o] 29 EA Bl !
F7HA 9 Agoll #a A= bytes.splitlines () ¥7k ol el PEP 278 £} PEP 3116 & E*“J*-

variable annotation (H o] o] A) Hy = FP 2 oJESHEL] o] - H o] Al
M EE e ol Ee e o mHo] 42 D g AE AL
class C:
field: 'annotation'

ME ool de YO § AES AP UTH: o & o, o] WAL int FE AL Ao

7l g Ut

count: int = 0

Ha o EH o] 1

2 A A annassign ol A A g o}
o] 75 AYsle g

o] - g o] A, PEP 484 I PEP 526 & I =234 8.
7F

virtual environment (7} 7)) 3}o] A ALg 2k} S8 T2 3 0], T2 A AH oA A E] = T2 Tlol A
SE ZEIRFEY T JFE F 1 oA, slo] W Bl 2 A A ES AR FAY g ol =

=
e AL bsetA s, dE 4o AeE A 87,
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5L o)
=2

o
X,

virtual machine (7} 7] 7)) Az E9ojvto g o H AFE. slo|p o] 714 71 A= vlolE T =
H7t &8ss violE Z=& AP gyh

Zen of Python (3}o]% A) s}ho] A t]x}el Ae]el AeEo =y, Ao E o3 sla AME 3= ul =20
HUYth o %%%EH P ZEFZEA (import this) & YHstH Hdrh
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APPENDIX B

O] dHAOf 25}0q

o] A A<= reStructuredText 20| A hE01Z A 2, glolH AYAE 3l SH3] AZH A 87

9l Sphinx & AH&-H< o

A9} o B 915 B A LS Thol W AA| 2 v} AAA = WA 07 AQRAA L] = A Th 7)o 5
3 A ThE, o] 9o o) 8 4 2= reporting-bugs 5 0] A & 21 S A & A2 -& AHLBARRE AL}
2rod g TH

O3 2504 B2 ZAE =9 Utk
* Fred L. Drake, Jr., 92 sto] AA = o] 22| A @2 2Rl 29| 27}
« reStructuredText 2} Docutils 29 EE JIE &= Docutils ZZ2 A E,

* Fredrik Lundh, Z22] Alternative Python Reference 2 2 A E of| A Sphinx 7} -2 o}o|t] o] & A H Ut}

WA A 71 F YT 7] ol AFe] FE A
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appeENDIX C

oI b2} 20| Ml A

C.1 AZEQ0{Q A}

gfo] -2 ABC 2= Qo] o] T A A& A] W] g 2H= 9] Stichting Mathematisch Centrum (CWI, https://www.cwi.nl/
%) 9] Guido van Rossumol] 2] 3l 1990 dth Zukol] ko] F5uth hol Mol thE AHEE9] e 33
o] 235 912 %, Guido= ol o] 78 A A= vho} 551,

1995, Guido+= Virginia 2] Reston ]| $1+= Corporation for National Research Initiatives(CNRI, https://www.cnri.
reston.va.us/ Fr2) o] A Ihol A 2P -& AL, o] XA oy AL AZE OIE SAYUF UL
2000'd 59, Guido 9} 5}o] A 3 4] 725l & BeOpen.com 2 2 & 7 A] BeOpen PythonLabs 2 74 %
Yt} 22 3 104, PythonLabs B -2 Digital Creations(& ] Zope Corporation; https://www.zope.org/ ZZ) 2
A5 YTE 2001 d, 5}o]# 4 = E 9 o] A & (PSF, https://www.python.org/psf/ Z+Z) o] A H = A5t}
o] A= stol M HA A A AAHAS afote s 5835 AYH v D2 24 YUYt} Zope Corporation &

PSFo] 391 39191 Th,

Wi 272 F7 AP UTH(F N 22 Ao e sl A= https://opensource.org/E 2814

Ae). A0 =, L (3HA v A i obd UTh She] A W E B GPL} G TH ofele] Ei
cheFst vl Z S g okt APyt

HY = ot oHHE 2 | 6 ASXt GPL 5 &1?

09.0~1.2 | 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

2.1.2 2.1.1 2002 PSF yes

213 212 2002 PSF yes

2.2 o] 2.1.1 2001-& 2 | PSF yes

Fi: GPLY} z&d = A2 2| 7FGPLE slol i v xdthE A2 dnsiAl = ddsunh EE
ghol A gholAla= GPLA 28] o] 2o WS 37/ 222 UaA G s Ad WA x5 A
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?—J_

Ytk GPL &3 eho] 4l 2= Sho] A3} GPL 3ol WEE The 229101 & 2FF 5 A Futh e
As

337 @5uh

Guido 9] A= 3tel| o] Wl E 5 7H5 317 T B 97 AL BARE N A FAEH U

C.2 TIO|40l HMASHHLE AFRSH7| $I5H 0| ofzt

vlolH Az E Qo] e} A M= PSF License Agreement©l| thg} gfo] Al a7} F ol g U th

glo] W 3.8.6 7 F, AW A9 oA, Z&|¥ Y 7]} T X = PSF License Agreement 2} Zero-Clause BSD license©l|
el o] 2 ol 7} % o151 0

Shol ol BTE A% 42 =g o]l hE eho] A2sh A& H LItk ehol A 3 kol 2o 35
£ TEo S A oo Shol 0] BAA BRE 85 4= =9 ofo] U]gh ko] Al
PREE = S

C.2.1 PSF LICENSE AGREEMENT FOR PYTHON 3.8.13

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

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

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

2. Subject to the terms and conditions of this License Agreement, PSF._
—hereby

grants Licensee a nonexclusive, royalty-free, world-wide license to.
—reproduce,

analyze, test, perform and/or display publicly, prepare derivative.
—works,

distribute, and otherwise use Python 3.8.13 alone or in any derivative

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

copyright, i.e., "Copyright © 2001-2022 Python Software Foundation; All_
—~Rights

Reserved" are retained in Python 3.8.13 alone or in any derivative.
—version

prepared by Licensee.

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

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

—to Python
3.8.13.

4. PSF is making Python 3.8.13 available to Licensee on an "AS IS" basis.

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

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

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

USE OF PYTHON 3.8.13 WILL NOT INFRINGE ANY THIRD PARTY RIGHTS.
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5. PSF SHALL NOT BE LIABLE TO LICENSEE OR ANY OTHER USERS OF PYTHON 3.8.13

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

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

THEREOF, EVEN IF ADVISED OF THE POSSIBILITY 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 3.8.13, Licensee agrees
to be bound by the terms and conditions of this License Agreement.

C.2.2 BEOPEN.COM LICENSE AGREEMENT FOR PYTHON 2.0

BEOPEN PYTHON OPEN SOURCE LICENSE AGREEMENT VERSION 1

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

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

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

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

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 3.8.13 DOCU-
MENTATION

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

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

C.2. mlo|¥ofl HMASIHLE AHZSE7| 218t 0|8 22 87
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C.3.1 HE2M EQ[AH

_random B2 &2 http://www.math.sci.hiroshima-u.ac.jp/~m-mat/MT/MT2002/emt19937ar.html oj] A
el 3eo 7Rt F=8 233Utk b2 dd T2 A4S Iz 70 AYdth

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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socket R EL getaddrinfo () & getnameinfo () T+ E AFR Yt} o] 5L 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 H|S7| &3 MH|A

asynchat¥ asyncore 252 th33 22 £ A1S 233 oh:

Copyright 1996 by Sam Rushing
All Rights Reserved

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

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

C.3. Z3E 2ZE|0{oll it 2foldla K 52l
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C.34 37| |

http.cookies RE-S T}eT} 28 59 A3 LR T

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

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

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

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

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

o e 39 AL TP T:

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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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 & Z2A|IXH S&

xmlrpe.client REL The T 22 o] A5 TR

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 3] 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. ¢ 9+ Dan Bernstein 2] SipHash24 ¢+17 2] = 2] Marek Majkowski 2] 728 o] 2 3}5] of
AsUTH 7)ol &= v 22 W8o] 235 o] 5yt

<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} £ A+ 7He] W 2ha 913 C <= dioa 9} strtod S Al & 3k ¥} Python/dtoa.c < @A
http://www.netlib.org/fp/ o] A €& 4= 1= David M. Gay 2] Z+-2 o] £2] 9} d of| A A 21551 T} 2009
d3g 16Ye T2 Y& gdo& v T2 AZd 9 ol F A 7F £3E o] Y5t

/****************************************************************

*

* 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 = %9 AAT AT 5 A st F7He] 52 93 OpenSSL
ghol B el g] & AHS gyt = A= 9-9F W OS X sho] 2 A X =2 7382 OpenSSL 2to] H & 8] AHE S
2T FQong o7 OPCHSSL ghol Al ALRE S 23 E YT

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
* (eayl@cryptsoft.com). This product includes software written by Tim
* Hudson (tjh@cryptsoft.com).

*

*/

Original SSLeay License

Copyright (C) 1995-1998 Eric Young (eay@cryptsoft.com)
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 WE & ——yith-system-expat & FA 34| &= oF E3H expat &2 AFE S ALE

shel Mg o}

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 & I & ——yith-system-1ibffi & FA SR &= 31 L4 libfli &2 AFE S AR

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

z1ib -2 A2l o A b

— B :’E
Ut

4

A zlib WA o] Y7 e ojA o AE & o™, 3 zlib &

AR g Ste] WEH
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|Hlo 2 It}

[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

_decimal RE2 WE=E ——with-system-libmpdec & 74 3}A] ¢+ S, 234 libmpdec 42~ AFE
2 Agetel A= U

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 HIAE A2Q|E

test I 7| AL CIAN2.0 H|AE A9 E (Lib/test/xmltestdata/c14n-20/)+= W3C § A}o] E https:

[ Iwww.w3.0rg/ TR/xml-cl4n2-testcases/ | A} 7} ko w 3- BSD 2ho] Al 3}of| vl = Ut}
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
(ASIS) 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.
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sho] 3} o] WA
Copyright © 2001-2022 Python Software Foundation. All rights reserved.

Copyright © 2000 BeOpen.com. All rights reserved.

Copyright © 1995-2000 Corporation for National Research Initiatives. All rights reserved.
Copyright © 1991-1995 Stichting Mathematisch Centrum. All rights reserved.
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