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2.1.1 ZHEhsh o

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

>>> import spam

>>> status = spam.system("ls —-1")

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

sdel A e F 2L e 2oyt

#define PY_SSIZE_T CLEAN
#include <Python.h>

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

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

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

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

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

w

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

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

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

const char *command;

int sts;

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

sts = system(command) ;

return PylLong_FromLong (sts);

Shol 9] Q% B2 (o & Sof, e HAA] "1s ~17) oA C P42 ADE = oz 7Hekat o]
eIt C F4olt B4 self o argsehe F 7)e] A Ab7 QeI

self A+ BE 5F F5olA BE AAE AL YU WA= 39 AA ALEAE A YY

args QAFE QA4S TPTHE ol RE AR BT TAG AT T2 4 FHL 559 A% =
=0 9t Aol PP TE AAE shol A AR YUTH— C G50l M LANE ST o] 52
C gho2 Was|of FLTh. Tho] 4 APIS] pyarg_parseTuple () B5E A7 §& FaldluC oz
AP AT BAAE B0l 59 A4 Yo HRD G ATRC U Ve AATI
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2.1.2 9t7k=2: o|2{2} o2

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

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

71 dubA 9l AL pyErr_SetString () YYTH AAE ¢ 9 A‘iﬂi}cfx}oﬂﬁwv} 04194 AA = 5
% PyExc_ZeroDivisionErroro} 22 2] o H AA JUch C AL ole]9] A4S e v
atol W A AA = e o] o9 o] “AdH g o= AFPch

T 02 833 =PyErr_SetFromErrno () YUYTh o] = o] AAREH 3 A
2 Axste] B e AT g uL; ,_1 4 PyErr_setObject () ©]H, €]
7N AA OJXP%%HMD}- olg1dt 5o AE= & AAE Py_INCREF () ¥ Z2E l5Uth

PyErr_Occurred () 2 o8 7} A A= o] Q=X v] 3 @ oz AALS 5= 9% AR o] AA L
AT AT 510 G LLE BT, B gl @ 2 slolol ol Ao B 5 Fo0
g7} HA P =2 &23%l7] 93 PyErr_Occurred() E 3= I Q sS4yt

e & gE TE0e T 7S] Al E ZAZ o, £ AA 7t 0118%%%(&5 NULL o]t -1) & 983 of

FUth PyErr_* () ?:L/F—%?f]"%_ T &3] grolof Ut —gol o3 ojn] TEH YU Th 22 H o

TEAE A pyErr_* () TF §lo], A1 SE A A ol HAIE wkEet L, o] ¥ Ao ' ALHT L

M F U — o8& 78 WA ﬂzlﬂﬂ off 93 ol &) 74 2pA| S D Qo] o] w] B 5 th

At oy 7} ghol A QB Z 2] WiQl Fxo] R, A A F<l sto|¥ Z=E S

Z2 e AR e ele) Aol /)2 2o n Ak

(BEo] AR thE PyErr_* () &5 TE0to] © AA S

Utk 28 wle 2384 & 2ol FHUth 22, dWHAd F RO R o

st AQlel He AR E dolw e A Futh: R Ak gt o] &2 A 5
o o

S

.

(
TEdfoF 3t FLH

lﬂ?ﬂf& PyErr_ Clear ) 2 5 =35 A
AUk Cc 2 EﬂPyErr Clear () & o= ol & AdE Z el AD3HA
A AxE AT AYetH L ot A AUk (otut o 74% NET AL, ol F AR A58 A ke
23l A).
EE A dmalloc() & °“ﬂﬂ§ A3tE oo &Yttt —malloc () (E+ realloc ()Y AH &
ERE2FE PyErr_NoMemory() S &3 A A7 E HESHS| O]E 3"‘/]"/} BEE AN QY T
(& E°],PyLong_FromLong ())+ ©]1] o] & Y& FYFEZ, o] £ Emalloc () & = AH &=
S E Aol Al vk S F3 ok
E3tpPyArg_ParseTuple () 3 1 AFEL F83 o9 & AL stal, A4 e & wtdales g4+ 74
2 A" T EAHY ‘Qt&ﬁfzi e Al F FEol v 02 whEstar, A Al -12 9rEshy o)

npA et o g, of 2] E A 7] E W 0 (o] 1] ThE A X E Py _XDECREF () U Py_DECREF () & Z&3}0])
7H A S A e st A 2l

o o5& WAN DAL A0z o129} AT wE UG ol 4 3o sk A 2
C 21A| (7}¥ PyExc_ZeroDivisionError) 7} =4, A H ALE UE]'—’,\— JsULE BE,9JEdY
AMEAF ok gyt — 3td & &€ & YL =31+ o PyExc_TypeErrorE AR 3R] vl Al 2 (o}ul=
PyExc_IOError & ofF g E]’)- ?_]Z]— Eof| A7} 2™, PyArg_ParseTuple () 4= duldog
PyExc_TypeError & WA A7 Yt %;\LO] S 1A Hell dojoF AU o 2L BE3) oF sk
o127} 9o, PyExc_ValueError 7} & ‘{}'ﬂ'q t}.

BE DHIA 9B AT 2= AHUTE oS A, QAo FY A R A AR A5
Adgh:

]

L

static PyObject *SpamError;

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

PyObject *m;

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

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

return m;

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

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

g e T AsUHh

SpanBrror M4t A2 TSI 9] Fehso] U AEE G TONE FI A 25 0] AL A A Y
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static PyObject *
spam_system (PyObject *self, PyObject *args)
{

const char *command;

int sts;

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

sts = system(command) ;

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

}

return PylLong_FromLong (sts);

8 Chapter 2. HM|&XxI £ Q0| &%t QLS 7|
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2.1.3 GiRIZ E0}7}7]
oA 52 EolAA, o)A o e He o] B4 o]a T 4 Ylofof T Th:

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

T g
HU

Z oA} of 2] 7} W AE H PyArg_ParseTuple () o &3] AAH o 2] of 2] &35} A NULL(7“;<1]
B & whehet= ] o2 A7) 2 vhE Yok 234 °L°‘?i AAFe] EAFR ghol A1 W
mandol] BAFE 15Utk o 2.2 ZolE ool H shel 71 $AAL S A A £ o Uk (ahebA]
Col| A, 4= command+ const char *command®@ &HFE A A A= of oF Tt}

AL Y 4 systen() 2 TEQAH], PyArg_ParseTuple () oA 9L EXE S AEdY

o v E r2_>,i

S8 Y e

= system (command) ; ‘

0]
o+
@]

%2 9 spam.system() T & stso S FolA AAZ REEFof Fuch o] A
PyLong_FromLong () 34E AFR 3} o] Fo] F Yt}

’return PyLong_FromLong (sts) ; ‘

ol 4%, B AAE vkttt (o, Ae2 A= ool M= 4] AA duth)
83 AAE WHEEHA] k= C T (void & WHEHsHE ) 7F o, | F 3ho] A = None & WHSH
s oF Tt 21 A st | o] J)r&—?ﬂﬂ 8 3T} (Py_RETURN_NONE Wi 322 T3 Uth:

Py_INCREF (Py_None);
return Py_None;

Py_None-2 &5 3}o| % A A Noned] C 01%—%1141’/} Qo A B opxol, thE2o Aol “oE” &
558h= NULL 318 7} oby 2k X5 shol A A4 Y o
2.1.4 D E°| HAE E[O|ED} =7|5} &4

sho] 2l =2 19 o A spam_systen () o] o8] EE% =2 Hol FATHL FEAEUTE AA, HAE
B0l ol o] &3} F 45 hdsloF FUth

static PyMethodDef SpamMethods[] = {

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

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

bi

Al AR 5 (METH_VARARGS) ol 9] Al L. o] A& B Z e Elof| Al C ol AHEE 25 F3 S
deFE=ZYadych dvtE o7 FJAMETH_VARARGS Y METH_VARARGS | METH_KEYWORDS o] oF
Ut} 0 2 o= AFRE ] &= PyArg_ParseTuple () W o] AFRE & o m] g ch

METH_VARARGS Tt /\}Rﬂtd] 4= glolW == w7 Y427} PyArg_ParseTuple () 2 T3
Ao 5| &H = FEEAGE AR WoHOW\%D‘r o] grof] th &k AA| 3 7 Ho= ofefj ol Al F
7195 A2 ol sl of h|, Al Al BEo A METH_KEYWORDS HIES AT = 3]
o) A9, C FE AN G D A WA eyohece - W) 8 ol 5 of of g,
4ol = PyArg_ParseTupleAndKeywords () & AF&5to] QA E & EASIAA L

HAE Hol B2 2E Ao TXA A % }_E]o]o]:ﬁh,]q_

A=
R

S oI-
ool 4

ol - £ S

U,
U
Bl

oL

]
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static struct PyModuleDef spammodule = {
PyModuleDef_ HEAD_INIT,

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

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

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

PyMODINIT_FUNC
PyInit_spam(void)
{

return PyModule_Create (&spammodule) ;

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

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

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

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

(Th5 sTeTATol A1)

10 Chapter 2. H|&tx} =3 gi0| 82t OHE Y|
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(o] A sl o] A ol A AH)

PyMem_RawFree (program) ;
return 0;

-~

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

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

0, 10, it
ofy Kl R

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

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

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

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

spam spammodule.o

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

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

spam spammodule.o —-1X11

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

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

to
RN

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

static PyObject *my_callback = NULL;

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

PyObject *result = NULL;

PyObject *temp;

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

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

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

;

return result;

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

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

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

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

int arg;
PyObject *arglist;
PyObject *result;

arg = 123;

/* Time to call the callback */

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

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

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

“Yh

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

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

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

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

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

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

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

mr

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

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

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

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

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

PyObject *dict;

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

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

2.1.7 EAH SEA0f|A] OY7H B =E5517]

PyArg_ParseTuple () = o}

o
i)
my
o
>
re.
it
AW
iul

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

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

o

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

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

2 o] 2] mh4] 4] 21

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

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

const char *s;
Py_ssize_t size;

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

/* Python call: f() */

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

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

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

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

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

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

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

f('spam')

f('spam', 'w')

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

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

7I9IE O 4

PyArg_ParseTupleAndKeywords () s o337 2ol AAdg Ut

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

~

(]
—

=

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

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

AUk,

o
B

ﬁioiJz
oH i =
ol

To

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

HE
AE= 1 TypeError& WA A Y Th

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

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

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

{
int voltage;

const char *state = "a stiff";

const char *action = "voom";

const char *type = "Norwegian Blue";

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

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

return NULL;

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

Py_RETURN_NONE;

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

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

METH_

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

bi

(TH= sl AT A1)

2.1. CL} C++Z m}lo|M =t&tst7| 15


mailto:philbrick@hks.com

Extending and Embedding Python, £ A| B{% 3.9.23

(o] A sl o] A ol A AH)

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

219 Q9|9 g}& A 55}7|

o] 4 PyArg_ParseTuple () o] Wl AU th Thg ) o] AAF )

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

PyArg_ParseTuple () oA Q1A= = A FAMS 29 &9 J 2 A4 &4A vt
olzt ¥ JUth= :-L_OJH 7h ok g} 1 gholoj of fhuth shol oA T =3 C
235 A shold AAE vESH T

QR34 Z 2ol
ol 4 WHgka 7] of

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

EZ2 P UWRAoR FERE 27| B EYUth, Py_Buildvalue () & 37 FES LEdHA =
ek 2o EA Dol F ol4ke] 9 U7l R A9olw FEE A= 29 EAo] wo]
910 W None & WHEHFUTh; A 28] s1ube) 2ol thel® EqelE, TA 0] Bolol A Al £ w97}
st AR S BAFgUTh 277H0011} 19 FES AR HHHER w2 £AAL A5
FogA L
A (AFE TEo 1, L 2EL A Fol 4 %A UTh:
Py_Buildvalue ("") None
Py_Buildvalue ("i", 123) 123
Py_ BulldValue("lll , 123, 456, 789) (123, 456, 789)
Py_Buildvalue ("s", "hello") 'hello'
Py_Buildvalue ("y", "hello") b'hello'
Py_Buildvalue("ss", "hello", "world") ('hello', 'world')
Py_Buildvalue ("s#", "hello", 4) 'hell'
Py_Buildvalue ("y#", "hello", 4) b'hell'
Py_Buildvalue (" ()") ()
Py_Buildvalue (" (i)", 123) (123,)
Py_BuildvValue (" (ii)", 123, 456) (123, 456)
Py_Buildvalue (" (i,i)", 123, 4506) (123, 456)
Py_Buildvalue ("[1i,i]", 123, 456) [123, 456]
Py_Buildvalue ("{s:i,s:i}",

"abc", 123, "def", 4506) {'abc': 123, 'def': 456}
Py_Buildvalue (" ((ii) (ii)) (i1)"
1, 2, 3, 4, 5, 6) (((1, 2), (3, 4)), (5, 06))

21.10 &=x sl

CoCr 9} 22 oo, Yol A2l £ YUY AN E AL 3227 SR, C
o A=, malloc () I free () TFE AR 3} o] 22 433t} C++°ﬂ A=, A4 newst delete
Cpdew 2 s A48T M Sele Hues holdCel 3o AR AL,

malloc() 28 ¥H REWEY E5L free() & 3] 3 TEoto] AR Vb d MR 22
Higts] oj of Fhth A Ao free () & &= 2ol T 8T UL E59 FAE JoHFATL free (
2

d&

E3EsA ol 2o F5E f7hA] E5E AR s W EEE AL T 5 U o] A

W & 2] =5 (memory leak) 213l R th WHHol, Z 2 a3 o] BF o) 3l free () & T3 T £S5

A< AHESHE, e malloc() $22 B3l ESS AAE S uf S0 AT o] A= ‘GHxi H e

2] AH8-517] (uszng freed memory) 2}l U th 271315 2] g2 HolHE Fxohe A T2 Y AAE
o] 2~ H

Z# U — Fo] Uz, ArE A}
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o

A BEAUh A& S, Fre R
%%Hﬂr. o A| gkl o & A
St 7 Z 7)o vk sk 4~ 9

o, e

ot 44
0, ok
gkﬁ
Iy
o
0 > b BN i
AN oy N2 nfo

oy
e L
(ol o2, o ©, ¥
4
=

A ofo Mz L e T oft £

rx o ok 2

o o ol

S fo 2

o
3

rl

I

alloc () 3 free () & Bol] AHE317] dioll, W2 ] T2 A E vl 2 e AMHS-E 3 6=

HH 2 & | 7] (reference counting) 2+ 1 Ut} Y El+= ZHshUch 2 &

B% TR, 712 EE 200 o2 227 ol Bfol A9 ul 2A}eh, 27 A8
O}, 72 B 700l £ 25, 214 o) o2k kA et 227k A A o] A7 A AT U .

A% 748] A =3 (automatic garbage collection) ©) 21 FUth. (W 2 &, I X 34 A 7| = 7F8] A
|2taL s A, 7 7R & 5] 8l “Abs 72 295U Th) A 7 A SR 9 b 2 A H 2
7hfree () E YAIHOE T 2T Q7T Ytk A?JWD} (EgEFdd o2 SR
o) A uk— o] AL AT AR o] ol dUth) 2 Co A o sz 32 A7) = o] A A U
AA T (Fmalloc () Hfree () EAEE = Y= T — O] = Cj__%o] BAAEYh, AA =2
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uo|MollM EZ= Bl M7

Fz ALY S718 FAE At F A9 a2 py_ INCREF(X Py_DECREF (x) 7} 99& U th

zd )

PymmmFo%§$} of =& }ﬂﬂﬂ—ﬂwﬂﬂ Lﬁ%%ﬂ@%ﬁﬂfmeuéﬂﬁi%

A Gyt — dlAl, AR & A A (type object) ol = f&? ZOAHE 53 =Yt o] (¢

7IEp < 4 H 2E A l—oﬁﬂfﬂ 7“xﬂ°ﬂr41ﬂ4°hﬂ££ e Utk
%}£QQ%ﬂwﬂ§ﬂﬂ%ﬂ%

oA & AR o] Y&t} A Py INCREF (x) & Py_DECREF (
’\7H'<'5}7ﬂ’“‘4‘4 OP T AAE “"v(owm)”ﬁ}ﬂ sy |

reference)ﬂ" Asyth 7“iﬂ«l ¥z g oAl o] AAol T %‘i% P X*Sl%ﬂ‘:}- Tz
A= e Fx7r 2 ﬂﬂ®°ﬂPyDMMFo TEofoFFUh Fxo afvdE F=T T
ﬂﬁuﬂnﬁ%iﬁziﬂ+4hﬂwkﬂﬂmﬂ4 Utk A9, A% 9l Py_DECREF () 3&. &%
F2E AESA o v2e F4r 3 gy
AR & 28 Ll borrow)” A 75T o B2 o} 2 (borrower) = Py_DECREF () § 52
A=t HUTh oAt 2l £FAETG H 28 AR S Bt ¢ FUTh 2727 AR E
N FRE A AE RS AT S o] gLl A A T3l of P Tk,
Az afoll nind o A7) o] =L T 73 RE FRAA FRE AT o7t lvke
AUttt — &, B2 F2 5 A8 27 T8 Aol +9] o] dFUth &73h= 2ol w3l
dels A9 g3, 270 202 A=A UEE AFATAAZE 32 E A2 T U™
F27F A2 5 de v B A3 o] gloke Ayt

2 Zz A2 7] (borrowing)” 2= SA 3] SulE A U Th £FA = oA F
D93 541 oA S e AL A GET A A% A

A& 5 gyiTh
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U8l JFX =Py INCREF () & 2&5to] £2f/3t Fx 2 AT 5+ A5 Ut o) F=2E 422 &/A9
Aol SEFES HAA] GHUtt— 2L AFH F2E WS, AT /72 A LS FoFgTt (o] A
AR b gk Al A A FRE SuEEA A2 oF FUth

AH FE7 B FHOR ADD wuieh, £fPol FE B A=A 21RA G AL B4 AH
S BENER BIOETG SIS

AA e st FZ2E et dEEY T+ F29 4 27448 AU 53],
PyLong_FromLong () ©|4Py_Buildvalue () & Z2 M AAE V== 7|5 /A EE TS 4F
BE AR A AGFgUct AA 7L AA=Z A AA 7)ok Hetx, o A3 sl AA ol o s Al F=x 9]
A2FAE AHF YL o & £9], PyLong_FromLong () & &3] AFS5 = g2 AMAE FA131 7lA] &
FEof o3 FxE vske = JH YTt
g2 AAdA AAE FE3= B2 g4 %iﬂ A 24AS A2 YUYy, 9= &
o] PyObject_GetAttrString(). 18%\% 2 712 durAQd FHo] ool 7] wjEo 1
) =1}

o] W3tstA %<5t PyTuple GetItem(), PyList_GetItem(), PyDict_GetItem/(
PyDict_GetItemString() 2 BF HF &, g2E = g g 9

Add Fx
PyImport_AddModule () ¥5% AAlE vhst= AAE vhs + AR A A F2 & vishvch 7

Aol B3t A8 F 27t sys.modulesol A5 o] §17] wf &l 7hsFyth

AA FxE T ol A D“‘f”ﬂ% AutA o7 Fps oo fY FxE UYL — I E AT
SloF Stel, by_TNCREF () 8 AFESH] 58] 4827 B LT o] Aol % 4 522 o8l 7k 1]
t}: PyTuple_SetItem() JJrPyLlst_SetItem Lol S EL AGH FgE Y AfdS AT
— AALAsfstegtE! (PyDict_SetItem() 21 XJ—TLE% 2fAS FASHA GsUtt— o2 “BA”
duth)

C @57t stolfol N 522 o), 52 AZRE 2 Ao 3 F22 WYPUch 22 A 2
FxE aFe7 v, ¥ Fxo £ 57 ukskE dj7bA] E3g Uk o) f 9 I E A%

AU AL of & uj vl Py INCREF () & $&3t0] 2538 222 wtSojof gt}
grolH oA TEH C oA e AA T2+ ofFst FxojopdUtt — &/d2 oA TE2
= e =
Al
=2 =20
A7) Fafs LA Fxo Ado] 2AE 42 5 & 2 A Aol AFULE o|AEL BT
Fzo) &7 RS ARFEE T4 At AHZYHY FAH 223} Ao AUt
74d WA Gotob & 7Y F 23 A9 P AE FEo Ui FRE dE= T ARl Yl AA oA
Py_DECREF () & AF&3h= A4 YT o & Sof:
void
bug (PyObject *1list)
{
PyObject *item = PyList_GetItem(list, 0);
PyList_SetItem(list, 1, PyLong_FromLong (0L));
PyObject_Print (item, stdout, 0); /* BUG! */
}
o g WA List[0) ] R B2 g WA T Lt (1) € Goo® v, vh e s W 32
A4h T Tk, Ll 3] oA 22 FA v 1R A L TH
PyList_SetItem() © 29 Alo] 82 w7l BHAth g AEE RE 2o 3t FRE AFaA,
G212 wAT o A FE 1S AL mmwwwmn+1ﬂ%%@%1ﬂ4%n@ﬂ§mcﬂ
AL AL FA L der_0 WAES BT A YA A, of Sl e
28 Fx 7L o, o] & ARt _del_ HA =TS %%M\i‘r
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golo g AdH A7 wfZoll, _del () MINEE 499 sto]H F=E AP 5 5UTh 220
bug () oA itemo] e F2E FR=E 3}— e T3S+ A7t EE2 YUt bug () ol A=
g 2E7F_del () rﬂw_ow MM A 753tthal 78S, del 1ist[0]9 BEHE = EFS
A3Pe 59l o, o] Ao ST AX o o3t upA et Fxety MRS, 2 AT O AE w2 E A sk,
:Lﬁﬂ/ﬂ itemE FE 2 shch

A A g v, 2 e gsUth dAFoR Fx 45 syAAIL. SHFE H A

B4t ohe st 2auh

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] A2 AA| o] oF7I AUt} o] WA 2] sfo]yof = o] o] My o] &
A =7 A3 ke o]+ E Lot 7] Asl C ﬂﬂ%ﬂ‘ﬂw FERA

Wl o] $AZF I WA AL 2el=9) ddE WY,
A B0E BB A Fol g 91 A, stol 4l olE) = ﬂﬂﬂ@ 2

T f9lsyth 22y, 2% Py _BEGIN_ALLOW_THREADS & Ab&3to] o] 55 A A g 34|51
Py_END_ALLOW_THREADSE ARE3}o] t}A] &R & 4= Q15U Tth /0 ,
SRR Jthel e B T2 AHE L2 AN E ST S YES FUTH B, ohe FE
ol st e EAV AFUTh

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 Z2IH

AduA oz AR F2E AR At F4ENULL ZAHE AL A0 7Y aA] gou, 2187
= J"/]D]’(D:L o] o] Fo] B %%‘Q‘@'HD}). AA F2E St e g o w
S-S e 7] 98 A 9 NULL S ¥hE .

W2 A& vhe B0l Adety) fE AU — 2 F5rhnuing AAath, 5 A

Seobe e AR

NULL Y < 9l ZAE 7F A1 wf “A X A RENULL& AAFSHE o] 54U o€ 501, malloc ()
ojuf A2 S YA A 5 = FolA.
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SR YU E AT YULE R 33t 3t 342 258 X E I CAPI ZAEE 7HA =
N Z2E ATt ZetolAE BE-2 CAPIY AN 237 Aof o] 22 & $E3H7| 2 std Ut
YWEYEREL AA 7135t o 9] span BEES A3 A . spam.system() &= C o] H g g
EJT system() € A TEA = F, AAZE=H & ?31% FYPSFE= IR EE “é%“’ﬂ “spam”

Z7}et= A 22) PySpam_System () T4E $E3 ) o] &4 PySpam_System () & T
ﬂz‘ BEEE YWHE YU

Sl PySpam_System () 2 33 C goln], T2 BE A3} 2o statico 2 AAFHIJFYTh

static int
PySpam_System(const char *command)
{

return system(command) ;

At £ 3BT

rlr

spam_system () S5

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

const char *command;

int sts;

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

sts = PySpam_System (command) ;

return PyLong_FromLong(sts);

BEO AIZ HEo A, thE & vhE Tl

#include <Python.h>

& ¥ 22 d 278 gtk

#define SPAM_MODULE
#include "spammodule.h"

$define e 38 5ol Feo]AE RE ol o UL REo) TFFL Lol v AH U v
o w, mEe] 275k Gt C AP E U] wj AL 27|34 of gy ch:

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_APTI [PySpam_System NUM] = (void *)PySpam_System;

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

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

(Th5 sTeTATol A1)
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(o1 s o] A oA A<

return m;

PySpam API+& staticCZ AAFUTH 22 A oW pyInit_spam() o] TR o ZE Qo]

Aret 3 Y o
2 g7 EL F v 31Y spammodule.hof glow, ohS- 3 5y

#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
I3
#endif

#endif /* !defined(Py_SPAMMODULE_H) */

PySpam_System () &5l YA 2317] 3 Zeto|dE BEO] dof & -2 27]3} g A &4 (A4
|2 2) import_spam () & &3 Zlo] AR YY)

22 Chapter 2. &|&fx} =+ Gl0| =& RS 7|




Extending and Embedding Python, £ A| B{% 3.9.23

PyMODINIT_FUNC
PyInit_client (void)
{

PyObject *m;

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

}

o] Wi £ 8 T2 9}Y spammodule.h7} tha E3Fsioh= 2 YUt 22, 712 R WE Y=
kvl ZopAd, st Wik sh3hd g U th

pal

upR| et 8 Hg2 F7 7s AlFst, 53 Feod AgH A Uﬂ 2] &g} dd Aol &
T Th AR AP 3ho] 21/C APT & 3 - 2 vl 57 & 9] capsules 4] 4 7} il
Include/pycapsule.hﬂ- Objects/pycapsule.c 3tg)of] A

2.2 =Y Felshvl: e M

ol W& C B4 BE AN WA strF1ist B3 npRA71A = so i Teol A 22T 5 JeAze
B FED A R AR A U R T R R
Aol Utk of AW AL FAlol o3k 2ekat 471U,

221 7|%

CPython BEFY-& B2 Fho] 2l AA & Pyobiect* §e] W42 H5shet), o] B2 sholal A7 2] “H]

17 & %% YT} Pyobiect A Al Al Lz 559t Ad Y Aot E ol
EFFYTE o1 7)7F A4 0] ol I Th & AL A& So] ARl A o] Eel HES 23 AL,
MAES 5257, 0hE AA 9 5T W Az B} 525 (O E5E AT o C
P48 g B A =" ek gy,

upebA], A B AolsteH, A & AA S wEo]of dhc)

o8 R A A2 D GAY S ol o1l € 2 2% custon WolA Custonel s A 32
Aelshe Aadol A FAR RE| dgvith

Far: o 7)o A BHE A2 A A QA (static) B P Aot AL HH AU tHREE] &=
A g8l oF . C API+= E3F PyType FromSpec () FrE /‘P% sto] 3 &3 AP A T+

U The, o] A5 A eI AL TR A et

#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, 0)
.tp_name = "custom.Custom",
.tp_doc = PyDoc_STR("Custom objects"),

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

.tp_basicsize = sizeof (CustomObject),
.tp_itemsize = 0,
.tp_flags = Py_TPFLAGS_DEFAULT,
.tp_new = PyType_GenericNew,

bi

static PyModuleDef custommodule = {
PyModuleDef_ HEAD_INIT,

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

bi

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

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

Py_INCREF (&CustomType) ;

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

return m;

o)A & ol W] oF & 2ol WA, o) A s Wol 71 & vhehiny. o] HHAe A /A€ B F
Ytk
1. custom Ao 2&% Z: CustomObject XA 0], Z} Custom A2EAwhT) §F HA
g,
2. Custom 82| ZH= W}Al: customType XA o]0, EA A4lo] R AF uff QA = & g7} AASH=
Zojas g 28 A2 AL Tk
3. custom 252 27]38h= WY PyInit_custom &2t ¥& custommodule 724 YUt

L EE

ek

53

typedef struct {
PyObject_HEAD
} CustomObject;

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

ZF3: PyObject HEAD W3R Fl o= Mu]ZE0] glgUth A4 2 2718k Ao 540412 45
Adel= 23T AYYrh
EE2, A= duldg o7 EF pyobject HEAD W& 2o 27luo]HE A AUt ol & S0, &

Jo] 4 floatsof] o 3 A 2l = vh&3t 25Ut
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typedef struct {
PyObject_HEAD
double ob_fval;
} PyFloatObject;

= ) AL 8 A9 Hel g,

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

bi

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

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

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

3uo] @ e w2 o2 1 g ok

’ PyVarObject_HEAD_INIT (NULL, 0)

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

’.tp_name = "custom.Custom",

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

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

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

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

sl

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

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

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

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

ZH 2 =9 21E py_TPFLAGS_DEFAULT E A A3t}
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.tp_flags = Py_TPFLAGS_DEFAULT,

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

tp_doco] B EAEYS ATt

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

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

.tp_new = PyType_GenericNew,

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

718 zro = )&tk

Py_INCREF (&CustomType) ;

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

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

>>> import custom

>>> mycustom = custom.Custom()

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

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

£ setup.pyehe 3ol Y& o v <

$ python setup.py build

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

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

CegeUEs7) 95 £F disturils BES Ho] A5, AR ALg Azl A
4 €l setuptools o] B el 2| & A3 Aol EHUT o] A4S S aAFHE ol
A Fol A shol 4l 714 ALE AL A A A oA 2E % AU
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2.2.2 7|= of|x[of| dIO|E{2} HIME F7}517]

Yo Hs MAEE FAFEE /1% o AS S BATE FL Wols FALEE AT 5 =S
FATH T 7158 2718k A 2 F custom2 & BHE AUtk

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

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

} CustomObject;

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

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

CustomObject *self;

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

self->first = PyUnicode_FromString("");

if (self->first == NULL) {

Py_DECREF (self);
return NULL;

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

3
return (PyObject *) self;

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

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

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

-~

(ThS sleTATol A1)
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if (last) |
tmp = self->last;
Py_INCREF (last);
self->last = last;
Py_XDECREF (tmp) ;

}

return 0O;

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

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

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

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

static PyTypeObject CustomType = {
PyVarObject_HEAD_INIT (NULL, O0)
.tp_name = "custom2.Custom",
.tp_doc = PyDoc_STR("Custom objects"),
.tp_basicsize = sizeof (CustomObject),
.tp_itemsize = 0,
.tp_flags = Py_TPFLAGS_DEFAULT | Py_TPFLAGS_BASETYPE,
.tp_new = Custom_new,
.tp_init = (initproc) Custom_init,
.tp_dealloc = (destructor) Custom_dealloc,
.tp_members = Custom_members,
.tp_methods = Custom_methods,

bi

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

bi

(Th5 sTeTATol A1)

28 Chapter 2. HM|&XxI £ Q0| &%t QLS 7|




Extending and Embedding Python, £ A| B{% 3.9.23

(o] A sl o] A ol A AH)

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

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

Py_INCREF (&CustomType) ;

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

return m;

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

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

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

} CustomObject;

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

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

o]+ tp_dealloc Wl thYE Yt}

.tp_dealloc = (destructor) Custom_dealloc,

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

Ed H
[-0

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

Fele 4 olgol Rl FALE 27]3H =5 8kl A oA, tp_new 782 Al 3P th

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

CustomObject *self;

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

self->first = PyUnicode_FromString("")

if (self->first == NULL) {

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

self->number = 0;

;
return (PyObject *) self;

}

23 7S tp_new WH o A g

.tp_new = Custom_new,

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

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

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

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

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

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

= T A

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

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

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

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

}

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

}

return 0;

o] Z tp_init €X& AFYth

.tp_init = (initproc) Custom_init,

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

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

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

=
N

Ll
(g >
Norlrse

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

AQ oy

o & —~

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

S AL EEE e TR E )

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

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

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

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

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

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

{NULL} /* Sentinel */

bi

183 tp_members £X° A E dH5Uh

.tp_members = Custom_members,

OO

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

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

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

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

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

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

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

_4

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

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

ul

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

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

}’
{NULL} /* Sentinel */

bi
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of

tlo

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

J2]3 tp_methods €X° ¢}

’.tp_methods = Custom_methods, ‘

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

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

flo o

’.tp_flags = Py_TPFLAGS_DEFAULT | Py_TPFLAGS_BASETYPE, ‘

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

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

from distutils.core import setup, Extension

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

1

2.2.3 H|0|E|{ {EZ|BEE ¢ MSIA A 0{3}7]

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

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

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

} CustomObject;

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

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

CustomObject *self;

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

self->first = PyUnicode_FromString("");

if (self->first == NULL) {

Py_DECREF (self);
return NULL;

~

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

3
return (PyObject *) self;

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

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

return -1;

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

}

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

}

return 0O;

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

bi

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

Py_INCREF (self->first);

return self->first;

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

return -1;

(T SoTA

A%
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3

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

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

Py_INCREF (self->last);

return self->last;

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

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

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

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

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

static PyTypeObject CustomType = {
PyVarObject_HEAD_INIT (NULL, O0)

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

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

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

.tp_methods = Custom_methods,
.tp_getset = Custom_getsetters,
i

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

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

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

Py_INCREF (&CustomType) ;

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

return m;

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

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

Py_INCREF (self->first);

return self->first;

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

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

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

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

PyGetSetDef 7£Z A9 v g WYt}

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

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

8|1 tp_getset €% S5 th

.tp_getset = Custom_getsetters,

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

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

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

bi

EFEAIUN ALGHES tp_init A 27]E Al of Itk

Sl

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

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

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

(TH= Aol AT ol A1)

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

}

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

}

return 0;

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

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

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

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

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

3714918 27k,

Eﬁ

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

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

>>> 1 = []

>>> 1.append (1)

>>> del 1

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

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

Sl<ich

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

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

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

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

A shohs 908 B3 oF Fuink

rulo =

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

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

} CustomObject;

(Th5 sTeTATol AI%)
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static int
Custom_traverse (CustomObject *self,
{

Py_VISIT (self->first);

Py_VISIT (self->last);

return 0;

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

static void
Custom_dealloc (CustomObject *self)
{
PyObject_GC_UnTrack (self);
Custom_clear (self);

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

static PyObject *
Custom_new (PyTypeObject *type,
{

PyObject *args,

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

type—->tp_alloc (type,

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

Py_DECREF (self);

return NULL;

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

static int
Custom_init (CustomObject *self,

{

PyObject *args,

visitproc visit,

void *argqg)

PyObject *kwds)

0);

PyObject *kwds)

static char *kwlist[] = {"first", "last", "number", NULL};
PyObject *first = NULL, *last = NULL, *tmp;
if (!PyArg_ParseTupleAndKeywords (args, kwds, "|UUi", kwlist,
sfirst, &last,
&self->number))
return -1;
if (first) |
tmp = self->first;
Py_INCREF (first);
self->first = first;
Py_DECREF (tmp) ;
(Thg STl ATl AT%)
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}

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

}

return 0;

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

bi

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

Py_INCREF (self->first);

return self->first;

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

{
if (value == NULL) {

’ Ol

void *closure)

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

return -1;

}

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

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

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

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

Py_INCREF (self->last);

return self->last;

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

{
if (value == NULL) {

void *closure)

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

return -1;

}

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

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

return -1;

}
Py_INCREF (value);

(T SoTA
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Py_CLEAR(self->last);
self->last = value;

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

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

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

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

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

bi

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

.tp_init = (initproc) Custom_init,

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

.tp_methods = Custom_methods,
.tp_getset = Custom_getsetters,
bi

static PyModuleDef custommodule = {
PyModuleDef HEAD_INIT,

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

bi

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

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

(Th5 sTeTATol A1)
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Py_INCREF (&CustomType) ;

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

return m;

]

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

return 0;

—

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

T3S AF3ete Py visIiT() IR E AFIYTE Py _VISIT() & AHE5HH,
Custom_traverseo|A] FE&F F& a3+ 4 JdH5Yth

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

Py _VISIT(self->first);

Py _VISIT (self->last);

return 0;

F3: Py VISIT() & A3l tp_traverse FHONA AR} o] F-& visit T} arg 2 A 1A A A5 oF
g th

A, =l FAE 5 e AHE AAE A= vMAEE A& oF Fth

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

Py_CLEAR() IR AGof] FHAHA 2. Fx S5 So|WA do] o b0 oJERFES X|¢=
A= kA W Ut NULLE A A S7] Aol o E] R EA Py _XDECREF () & t4l EE3)
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PyObject *tmp;

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

JAHE, o2 R ES A4 Y wf 4 Py_CLEAR () & A7) 7H R A1 ek AEUTh AnA L
o] g 5He A AL G 2 2 818 A £ 5] uhal A 2

gt A 7] Custom_dealloc 01 B HES AL Yoo F=&5 2T 5 JdFUh o+ T
WollX <2 GC7FEH A & 5 A= 4“]5“43} GC+ %‘iﬁ’\ﬂOOl oty gtar 714 817 wZof], ¥
W E A]-9-7] Aol pyObject _ Gc UnTrack () & Z=3to] GCol A AA & 54 sl Al sl oF Tt} Th3-2
PyObject_GC_UnTrack () & Custom_clearE AFR3to] thA] & & S s A 7] Y U th:

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

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

.tp_flags = Py_TPFLAGS_DEFAULT | Py_TPFLAGS_BASETYPE | Py_TPFLAGS_HAVE_GC,

A9 o Ut AHgA A9 tp_allocolttp_free 42718 4N 0@, 23 A £AE 93
ol & Aol FUITE R ES FFL AFO2 ATH WAL AT

2.25 CIE 89| ME Zaf

d

/& QoA 8 A HFY L UE S %) el A pyTypeobiect & 1A A58 5 9)
oA, P oA 4451717k b A5 U Th B BE 2ol o] 8] @ PyTypeobject T2 AE H317]
SECENDE S

o o] I 1ist B A58l subList B WEUTH ARL BE Qb elase) $A9) 53
5 A%, W5 -2 H 8 57417 & % 7b increment () WA=} A5tk

>>> import sublist

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

>>> print (len(s))

6

>>> print (s.increment ())

1

>>> print (s.increment ())

2

#define PY_SSIZE_T_ CLEAN
#include <Python.h>

typedef struct {
PyListObject list;
int state;

} SubListObject;

(Th5 sTeTATol A1)
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static PyObject *
SubList_increment (SubListObject *self, PyObject *unused)
{

self->state++;

return PylLong_FromLong (self->state);

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

bi

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

static PyTypeObject SubListType = {
PyVarObject_ HEAD_INIT (NULL, O)
.tp_name = "sublist.SubList",
.tp_doc = PyDoc_STR("SubList objects"),
.tp_basicsize = sizeof (SubListObject),
.tp_itemsize = 0,
.tp_flags = Py_TPFLAGS_DEFAULT | Py_TPFLAGS_BASETYPE,
.tp_init = (initproc) SubList_init,
.tp_methods = SubList_methods,
bi

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

bi

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

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

return NULL;

Py_INCREF (&SubListType) ;

if (PyModule_AddObject (m, "SubList", (PyObject *) &SubListType)

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

return m;

(T SoTA

A%
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typedef struct {
PyListObject list;
int state;

} SubListObject;

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

O]JHL_L AFE A A9 tp_new®ttp_dealloc H
T AAZ tp_allocg AHESte] A Y vl R e E WA T
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PyMODINIT_FUNC
PyInit_sublist (void)
{
PyObject* m;
SubListType.tp_base = &PyList_Type;
if (PyType_Ready (&SubListType) < 0)
return NULL;

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

Py_INCREF (&SubListType) ;

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

return m;

PyType_Ready () & 2&3}7] Ao, & F2A°l tp_base €X ol AHA ook FUch 7€ F& 3t
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typedef struct _typeobject {
PyObject_VAR_HEAD
const char *tp_name; /* For printing, in format "<module>.<name>" */
Py_ssize_t tp_lbasicsize, tp_itemsize; /* For allocation */

/* Methods to implement standard operations */

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;

(TH= sl ol Aol AlE)
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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;

} PyTypeObiject;

oAl WA E 7k o} B Th YT A SHA BN S - Aol sl ol Yo, o F ART TG
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’const char *tp_name; /* For printing */
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’destructor tp_dealloc;

o] T4 Bl daBAY Fx U500 Zo 5L o)A A ZelE A 1AL AL B A B
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static void
newdatatype_dealloc (newdatatypeobject *obj)
{
free (obj->obj_UnderlyingDatatypePtr);
Py_TYPE (obj)->tp_free ((PyObject *)obj);

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

static void
newdatatype_dealloc (newdatatypeobject *obj)
{

PyObject_GC_UnTrack (obj) ;

Py_CLEAR (obj->other_obj);

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

my_dealloc (PyObject *obj)

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

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

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

cbresult = PyObject_CallNoArgs (self->my_callback);
if (cbresult == NULL)

PyErr_WriteUnraisable (self->my_callback);
else

Py_DECREF (cbresult) ;

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

Py_DECREF (self->my_callback);

3
Py_TYPE (obj)—>tp_free ((PyObject*)self);
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tp_repr A7 22d Jd2HL

Yy

lo,
=
e
o
Hl
%
o
rr
Mo
)
ne
M)
i—“,
m{m

Wbk of g ). e ekl

F

static PyObject *
newdatatype_repr (newdatatypeobject * obj)
{
return PyUnicode_FromFormat ("Repr-ified newdatatype{{size:%d}}",
obj—>obj_UnderlyingDatatypePtr->size);
}

tp_repr A2)717 A4 A o, AL Zelelt P2 tp_namedt AA S 0F A8 %S AgTHE
w3 AFE

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

S L. K/

getattrofunc tp_getattro; /* PyObject * version */

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

tp_methods 7} NULL©] o}U ¥, PyMethodDef T2 A9 wj S =z sl of gt H ol &9 ZH FH2

gg rzA daaaqrk

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 Pylong_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;

2.3.4 4| H|

richcmpfunc tp_richcompare;

tp_richcompare A 2]7]= a7l 28 o sgUch _ 1t () 22 FFsH v wlA =9
3| =5, PyObject_RichCompare () & PyObject_RichCompareBool () ol A= SEFH YTt

This function is called with two Python objects and the operator as arguments, where the operator is one of Py_EQ,
Py_NE,Py_LE,Py_GE,Py_LTorPy_GT. It should compare the two objects with respect to the specified operator
and return Py_True or Py_False if the comparison is successful, Py_NotImplemented to indicate that
comparison is not implemented and the other object’ s comparison method should be tried, or NULL if an exception
was set.

W3 2] 2717} 2od 2a Eshe dloHEe] R AE AL B2 2ayh

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

PyObject *result;

int c, sizel, size2;

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

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

switch (op) {

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

}

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

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

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

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

l>_p

hashfunc tp_hash;

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

static Py_hash_t
newdatatype_hash (newdatatypeobject *obj)

{
Py_hash_t result;

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

return result;

o{v

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

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

o G4t Al A AAE ATk

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

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

i

T=

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

F97ttp_call FAL 4 2HUTH

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

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

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

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

}

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

return result;

o

sl\n",

/* Iterators */
getiterfunc tp_iter;
iternextfunc tp_iternext;

ol g olHE oY 2 EE AUS AT U F A2 7] BF A3 st i) W, TEH =

e B A ohu Al B2 T BT O el b A, 9] E 4751 NULLE WE) of Fulc.
tp_iter= 3ol _ iter_ () WA EY | F5t1, tp_iternext = Fo] W _ next_ () WA Z
S g o,

ol Bl e o] ] AA|E k&) oF = tp_iter HE7E F @ oF FUTh 32
Nt 2% 47900k

1 olHE AAT U= AAHAUIE Bl2EY 7FE)Y A, tp_iterE T E
g ol B 7} whE o] A 1L ‘?l'%]'ﬂoﬁolcﬂbllﬂr

B % 51 (23 39 AR AT o] El el o] 4] F g0 Ash) AR e 22zl
’\HE% 7&'5—% el tp_iterE 23T 4 dF5 YT - wEbA tp_iternext A E 7=

]
E=)
o
=
ol
>~
:l:’

REEoledolE AA=tp_itertp_iternextE BT F Ao Ut ole# o9 tp_iter
A2 7= olH# ol st 22 Fx2E vk oF Futh tp_iternext X7 o] E # o] A
e A2 Gl ol e Al #2286 of ek ol eid ol ol 2ol £ush, tp_iternext &
o Q] & A ASIA ¢ NULLS HH8SHA U NULLS HH36h= Ao §3l StopIterationS AAE 4
As WDP, el E 9ot 5ol i FFE 5 dFUTh AA ol H 7 2B e, tp_iternext & 52}*&
o ] & M A 3s}al, NULLS t&iﬁﬁ of %‘\4 DP.

shol Ao F 28 AA (4 24D e RS AN A %
EE Qo] F Fx wAYZA AT 5 =5 sh= AdUth
| B7]
weakref &l s A A.
A7 AN B0 4 slo 2, Sl T AL SYAF
L o2 32 o AUE 88 C A7 F2A Pyobiect L= LRHAA L. AR 443 1A
S NULLE @A FolokFUrh (7] &2 tp_allocs A}%v;} = A= UT).
2. Sl Z e 7l dlE BEo A3 A= WHS C 5 AEE, tp_weaklistoffset §
AW E CAA F2AANA Aol A7 B oMoz A L.
TFAACR, th5& B DEZ AT A F2AE e7Fsh= H dUth
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typedef struct {

PyObject_HEAD

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

au AAor Ad"E F A9 g A

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

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

static void
Trivial dealloc(TrivialObject *self)
{

/* Clear weakrefs first before calling any destructors */

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

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

2.3.7 FI} H[¢t

M HoHEd EA YASE L= S HH—OrEﬂ?j, CP)thon AN F
gy R o]F PD}" Cx

= AT A L. FEstE = A

AAZFFE T FY 4 A2HAA A FQsfoF 64, PyObject_TypeCheck () T4E AHESHA Al

©. AL o= e 24U

E F4 A L. Objects
£}, tp_richcompare)

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

o ®17]:
CPython 22 AL o} 2 E314 A Q. https://www.python.org/downloads/source/
GitHub ¢] CPython Z 2 A €  CPython A2 A F &7} 7)¥kE] &= 3L, https://github.com/python/cpython

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

CPython®] C 42 278t g5 YR U+ &-F 2ol 2y Ut (& E9, Bl 52E .s0, EFE
.pyd).

YEXE T 5 Qlodid, FF gto]Hef 8] 7 PYTHONPATHO| QlojoF 3, B & o5& wet 4 2 s 442t
£ B o]& XMO]E Utk distutils & AHE-3HHE, SHE 31 o] S o] AHs o2 AP YT

2713 dee v e A S 25y ch

PyObject* PyInit_modulename (void)
s = 715‘}3 R E o]y PyModuleDef JAHAE whHgHY ok 24| 8F W &2 initializing-modules &

FEHA L
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ASCIIZ g} o] o] 7] 01%% MR REY FS, d42 o] 28 PyInit_<modulename> o] o] of gt T}, o

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

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

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

ﬁ
Y (o
o,
lll
o
mjdi

(]
al(f
rlo <
"U

def initfunc_name (name) :

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

return b'PyInit' + suffix

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

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

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

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

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

N

IS0 g5t o] AL BN w4 HA),

from distutils.core import setup, Extension

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

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

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

python setup.py build

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

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

L

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

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

B el g,

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

)

from distutils.core import setup, Extension

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

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

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

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

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

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

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

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

’python setup.py install

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

’python setup.py sdist

wlol) whe}, %7} 5hdg oo v o] E3ba)oF Ptk o] A4l MANTFEST. in & Fol A HYUTh
ZFA B3F W -&-S manifest S Z23HA] Al &
szt 43Aern Wem Y, F2)Ahe vlo i MEE BE £ AUtk FAEA e, o) 2 93
o ¥ e AT S ds T

python setup.py bdist_wininst
python setup.py bdist_rpm
python setup.py bdist_dumb
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2.5 F=20|M C2} C++ &2 HIES]7|
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AE oA, YEE sho]Hejel & 83 AL inport span ALESE AT WS Th ol AL 2
T o) Fo] M 2T 5 YT SAR, HES) BALE MEAL itk FUL0IA, 2ol Hel e g
HF35tE 22 from spam import *&F T Hl@UTH EE S HEAMES wE YT

2.5.3 DLLZ &M= AIZ517]

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

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

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

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

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

Developer Studio+= 4] Zﬂi LodA e W A2 E ol g & A YA A8 5t ¢F 100KE
271 t) o) AS S A ASE W, 22 AE A )3} AAE Z3 ignore default libraries S A A 3H A .
ZHHE msvertxx. 1ibE ghol B 2] H5of F7lsa Al L.
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o 2 38 == 130 CPython ZHEIR 2 LI &S|
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B3 o] 28 A-8-3h A Th o QE|s o] Ak
2P AR AT AQUT. o) AL Al

#define PY_SSIZE_T_ CLEAN
#include <Python.h>

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

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

}

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

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

if (Py_FinalizeEx () < 0) {

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

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

>

31.2 B2 D4FE LA HOIM: HL
D57 QEol it S8 Z2IA A P o]l TES AWT 4 Ax IS ATAAL, Ao
HolE e BB o] B AAFH U 292 AR A5 2] 552 ALaloF g o B
CHEE AgshoF st thal, A9 BE A2 24T+ Y5t
sho] M€ BAshE A% she] WS WAE AL ThE o mol = BT 5T ¥ 2L BFolehe Ao
FolaloF Tt oA ol A =0l F B L FA = o] W3] FEFUTH ol A2 RA ¥, T Mol 4 C
29 g TEF A Z S A AN LA L

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

[e]

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

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

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

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

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

#define PY_SSIZE_T_ CLEAN
#include <Python.h>

int

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

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

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

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

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

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

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

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

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

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

}

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

Ej% %4m4ﬁﬂ2&
EE 4

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

def multiply(a,b):

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

c=c+b

return c

TeW A3 the 3} 2otel Ttk

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

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

J
g\
it}
010{1
=)

Py_Initialize();

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

—

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

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

if (pFunc && PyCallable_Check (pFunc)) {

t
Py_XDECREF (pFunc) ;

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

o] @A o] %ol th:

pValue = PyObject_CallObject (pFunc, pArgs);

EE i

3.1.4 LHEE mo|ME &Esl7|

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

static int numargs=0;

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

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

i

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

bi

static PyObject*
PyInit_emb (void)

return PyModule_Create (&EmbModule) ;

o

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

LEREE

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

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

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

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

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

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

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

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

pythonX.Y-config --ldflags+ 33 g ufjo] A& ZH 1 & AZTc}:

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

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

(o

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

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

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

FEsted FET =FdUH dE =

>>> import sysconfig

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

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

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

e e AEL A 4 A&
s B2/ HE B89 IES 4YT W), AL oL TEA (BF, BT, FLT) oo
=S 9T o, v elole 44 Fo| th3lP Aol ¥ so] A mERE,

e Ellipsis W& Ab<.

2to3 dto|W2xIEE 3Jr°]é‘i3.xi£§‘?ii_'}ﬂii AEsts =7, 228 77 B4 78 24
EfE FANA AT = e 2] vz e tE Ut

2t03 + 5 grolB g oA lib2t03§7‘ﬂ*%‘/]r/},%%’%ii AT F JdE=E 2THEE
Tools/scripts/2to3 & A|-&H YT} 2to3-reference= H A L.

abstract base class (—’F-’;}Hﬂol./;%iﬂ)\) ZA ol A Zel At hasattr () 2L g2 HIaYSo) 2HAs}
Ok m RS G (S Eof, 04 A ) 35 e ol 8 S B AT O A
S thol % & HF T ABCE Y AN ZeAE £SH, FUAE A5 SO uA
% isinstance () £ issubclass () o Y3l ZAE 5 = FHE2EYUTH abe BE A A
E HAL. 9} Woﬂ“ B2 H]’E}ABC Eo] m}a}g%tﬂ e 3 2o ASo) syt Aw T2
(collections.abc BEA), A} (numbers REANA), AEHY (io BEIA), YZE 3} 59}
Z 0 (importlib.abc BEA]). abc EES A3 A AFAlEEe] ABCE 95 % J5UTh

annotation (o] - E|o]A) F5o| et d JE 7 AHEH = WS, Fe A oJEFRHE B 5 L
LRk 3 A A9 ol B Yt

o|de A A zhe] AN~ S AT, Ao} A, FeA S Bl Bpof o

e A7t g, Ed 2, 49 _ annotations_ Eg oJEZHE A FH YT

o] 715& A et W o] . H o] A, 3 o] = H| o] A, PEP 484, PEP 526 & = 5HA| &
A2 T4 T2 W P (EEvAE) B ALEE L FEFY dA7 AFUh

Y= 2z}t (k yword argument): T4 T Z i Altﬂx]-ﬂ— oto]| & ]x]-(oﬂ 2 S0, name=) £

5 ol 2 gAYl e dEE = AAb olE S0l v 22 complex () &E0A 3 3%

5= 2% 79T Axguch

complex (real=3, imag=>5)
complex (**{'real': 3, 'imag': 5})
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o YA QA} (positional argument): 7| Y= QAAF7} ol d Q1 A},
U A ol B2 & 9 el * & 2o AT 5 sy Th
R EEE T

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

QA g4 vhe) o] o] & 2 QUL o] thd ol 485 & 79 Sl tha) A= calls

22 0AR. BUACE, ol HuA0l A At ASD F AFUTh THA ol Ao Wl
RINIEERS S
B9 w7 F53FAQ A2 AxFe} vl 7 w4 2] Xpo] 9} PEP 3625 WA 8
asynchronous context manager (¥]5-7] A€~ E & E]X]-) __aenter_ () 9}__aexit_ () WIANEEH
o2 M async with EolA] Hol: 34 S Aloste AA. PEP 4928 =5 A5yt
asynchronous generator (8] 5 7] Al #d o)) v]57] Al dolE olE#HolE & E8F+= &4, async

def & Bo= = ZFH A Hol=d, async for FEZ7HAHS t:;l-_/,: 9= 9l g o] =S Ul
Elxvyield 84S 283rtE= Ao] thEUth

BE W57 AV ol #4277 A5, o | Euo] i w5 A HolE ole e ol e &
AU o 2ot o u 7 BekahA) e A9k, $AT ol B MA BEIS YAUTh

)5 7] Ay dolE St4E await A A asyne for 3} asyne with B2 2888 5 9%

ek,

asynchronous generator iterator (8]% 7] Ay & o] €] o]e]#d|o]€]) v|E 7] Al d o] E &7 Hte= A .
v 7] o] H el o] B QY _anext_ () & TESH oJ9lo|HE AAE E2F1, o] A2 v
yield &4 742 ul% 7] Al o] B F4e) uir] 2 A8 gy,
Zyield AN Ao Ael B T, 1 9Ae (N ALET 7] 59 1y-£ 52 EFIE)
A FEHE 719 FUh vl 7) Al dold o] #olH 7} __anext_ () 7FEEF = & 5Hte
olglolHEE AMFH, Wt o7 Bt PEP 4929} PEP 5255 E/ﬂlﬁ.

asynchronous iterable (8] 5 7] o8] 2] &) async for EoA A2 4 = AA. _ aiter_ () A
S vls7] olH e olE & E8F oF FUth PEP 492 2 =1F 5 U th

asynchronous iterator (¥] £ 7] o]g]#|o]€]) _ aiter_ () & __anext_ () HIAE=E 3= AA.
__anext__ = o olHE AAE E8FoF Tt} async forE StopAsyncIteration o9
7 A wj7kA vE 7] ol H el olBl o] __anext () MINEZLEEFE oldlolHES FUTH
PEP 4922 T = gl )

attribute (o] EZ)|HE) RIS A L= ol5o 2 IxHE= AAQ} 23t gk o & o, 214 o7}
AEZHE aE 7AW, 00X Y FZH YTh

awaitable (o] g]0] 6]l E) await EA A AFR S ¢+ Q= AA. T FE o]y __await_ () HIAE
A7 2 4 JFUTH PEP 4928 H A 8.

BDFL #}v] 2-& £ 41 &2 A} (Benevolent Dictator For Life), < Guido van Rossum, 3}o] %1 2] ZFA] =},

binary file (w}o] U1 2] 5}e]) o] = & 5 47158 91 £ 4 9l 312 470, wpol v el shele] o 2 & whol
Ug B ("rb', 'wb' = 'rb+') 2 99 9}Y, sys.stdin.buffer, sys.stdout .buffer,
io.BytesIO & gzip.GzipFile & QIAHA 4 g5 yrh

=
=
str AAE P& 5 9t 5 AA o HAA L G A5 51 ® FRFAL

bytes-like object (B} o] E 5 W A)]) bufferobjects S A P31 C-A& HHE AT E T 4 dH5 YT
2] ¥% memoryview 4 ﬂ]%\% EE20]3 bytes, bytearray, array.array AA &L £33
0. Mol E AR AAEL vho] 2] HlolElE BEL o2 /1A AaEo] AEE 4
wolUiel e A4, £ AS 8 A5 0L A0l YU

o8 AE S vhol 2 HlolEl 7} /e A D Bah ST ol Aol 2 AL 5 e
7] vlo]EE R AX gt AT UTH 7 B AA 9 o z2= bytearray 9} bytearray 9
neroryvien 7} AU THE AE L vhol i ol HolElsh B A4 (491 18 ol = U
AA) ol AZEHEE 2 FFUTE ol AEY A E+ bytes bytes AA 2 memoryview 7¢
.

e

7H

m[m 1o ﬂll

r[r

E
3t
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bytecode (H}o] £ Z.=) o] 4l 422 TE L upo] £ IE % 75} A5 5, CPython 91| 2] €] ol 4 5ol
=299 YE EAY YT 1o ZEE pye o] AN Hol, 2L AL = 0 AW

o WA Al BRI T (20 A Blo]E B 2o AARAS AT 5 deTh. of “F 7 o]
7 vho] £ T E o] T $5he 7| A S Aqste /14 7] A o4 ABATET Bk vho]E mES
A% OFE Thol 4l 7 /1Al A 58 AL AT ShAIE, o] A ] E Zhol €4 Aol A Pk

2ol s of F o

Hlo| = 3= Welo} S o] B2 dis RE Aol gt

= LA Al e TR

class variable (22 &~ -’F ZH 2NN B FHAE FF (F, FWH2Y A" 20 A 7L of ) o
AR A=l

coercion (F.o]A) 22 Fo] F AALE FuelE= Asbo] dojup= 5oL st P A ABEAETHE FJo 72
SAA s AEetEs A oS 501, int (3.15) £ AFE A 302 WS YT shA|uh 344.5
ol Al, ZF 1A= Tt F o] AL (Sfih+= int, ThE SFb float), &5 T 87] Aol 22 P& ¥ ghaf of
f,ﬂ'l/]l:]— I8 ¢FOo W TypeError& 4o Yth FojH gloj&, 33 = dE2AE =204
Wt ZEPor @%ﬂﬂ?‘ﬂ‘# gduch & 50, 2F 3+4.5 3t Al float (3) +4.5.

complex number (5 25) 953t A5 A/AH Y A, BE AV AT R R o g 9
AUtk sl iE Aol s A -1 AF2)E F A, TF FTHAA = 18, FEoA =
JE Z71FUh golHE 22 UM S 2 BEATE 72 ALY Lh daF = HYALE

context manager (Z‘j ) A~ enter_ () & exit_ () HAEES HToZH with Fo
A Bole 33 S Alofsl= AA. PEP 34322 T Y= 95y "4’-
W P

7_'
context variable (AE]| A E W) A AEo wrel of 2 212 7HE 4 = W, o]
Aol disl o e 7M. F e =22 AFL T
E35, 5t A Agco o] AHAET QS S gow A
Hl5 7] Bj a0 A i S st A YU th contextvars &

|
contiguous (%) W= A &3] C-<A <5 (C-contiguous) ©] At 2 E & A< (Fortran contiguous) 4 | A< o]
2 o A QT GAN ML C Aol A FEA AL YUTh QAU WA, FEEL
Aol Q11,001 A Al ZH5He @8 e Ae)20] A o) 2 v 2 2] o] 9] 7 5] o] of gl ot kel
C-A% LA, AT T4 AT FREE WED W A A2 e R
S, EY A% Qo AL, 3 M A 1 e M o,

coroutine (Z28) TFE Anrelo) o Aukshd Fejduch AELEE o 2 QA A8 hE
AQOIA B8 e TERL ofe] o ARoIA AL, BRI, AT 5 A1 T 012
=2 async def o2

I
(i
=

;Li

FI

£

=
coroutine function (Z 58l &) FFE AAE SHFE= T4 TFH 4= async def O E A9
g 4 ,}51 await &} async for& async with 7|9 =5 238 5 51Ut} o] 2452 PEP

CPython 3ol =2 I dojo] FRA < 73 o_rﬂ, python.orgell A] B = Ut} o] 282 Jython o] L}
IronPython 7} 22 Th& ; £ 0] “CPython” ©] AF-&F Ut}

As
decorator (d]Z#|o]E]) Tt & TF+E & Qwrapper =¥<= 7\]'*0‘? Y HEoR
AL = Ut o 28 o€ ) ¥ staticmethod () YU

Hmedole Be v A9 2 Y BAUT B T F5 3= AU go s S5HUh

Amé

1o

def f (arqg):

f = staticmethod (f)

@staticmethod

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

def f (arg):

e Aol Fe 2ol w EASAY, & A4F 2y Bz olelo] e o AT &L B
4ol )2 Ho) o APAE HE H o

descriptor (C] 23 HE]) WA= __get_ () ©|L}_set_ () o]t} __delete_ (>%7§-°4‘}% A A
ZHl2oEREIHaagdHd o, ol EgRHE ZﬁL 583 A2 Fge 4oy BE,
ab® A AU, 2AY, AA e AFEE ], a9 Sl A E oA b Bt 01% o] X AR =
Zr5Uth ﬂﬂ@bﬂﬂéﬂ%ﬂ\ﬂ,%ﬂ%ﬂ% daagdy =7t 329U A3 dEE
ol3l] 3= 212 Ffol o t gt 22 oldf| o] G4 A, T, A, Z2EHE, FH A HAE, 2EE

HAE, 75 FEA FR 59 B2 7|59 7|2E o] F 2 A7 WiEJUTh

23 HE o W A=E o of 3 AHA| 3F W &2 descriptors U T] 2~ 3 E] AF-&H oFU A o] Y31 T}
dictionary (D‘/K%L-]B]) 9]0 o] 7] & Zholl LA 7]= AF vl & (associative array). 7]= _ hash__ () <}

_eq_ () HIMNEE ZE BRE AA7TE 5 d5uth oA A g 5T

dictionary comprehension (5 A 1] &) .—1?/]?‘_ A) olE#Eof I 24 AAU LEE Aesty A4S
e g E HEst= 7FE 3 . results = {n: n ** 2 for n in range (10)}<
#n xx 20| vfsFH 7] ng 2= 9 Y 2l & A3 & th comprehensions 2 32 SHA Al Q..

dictionary view (94 1]2] H) dict.keys (),dict.values(),dict.items () HIAE} E&FE= A
AsS 94vE -ITF/]'—T’-—‘T'—‘S“JE} o) AELS YAV E FEE EHUP%—.?J%E A& sh=t, —Mq
U7 A4 E o, 571 o] W& vhdshok= S yth D"‘%ﬂﬂ HE A grEZ v
list (dictview) & AF23HH = Ul dict-views S H A S

docstring (52EF) S, g5, ZEA 3 HA 23202 e = fZPOﬂ ZEE. A9 ET A
2= FAEA G Aopd ol o AR EHRZAN, 5, BES __doc_ OJEFHREER
AdFUTE JEZAALS T AT S Jon=, AXY dHAE AT FHEAA FAY YT

duck-typing (9 €}o]g) v}l AEHH o|AE 7HH =4 dddt=d AAY & BA =281

2 Y; AL, Bes] S AJESREZSSH AU A UTH (“LE|A Y Holal L | XH
E“E“EHE}‘H,:’-Z\*%J—FJD}”) E3% g tjAlo AEH o]~ %LJZ—@OEW,@’*QH]% ==y

Aol x3e FHATdo R GFANL AT 4 01"1/]\3]- 9 E}lo]HL type ( Oll}isinstance ()
S 87 BAE S HUTH (AT O ol Gol 54 ol 4 2ol A & 8 HE 4 3800 551510}
sttt thAlof], hasattr () 74/\]—L}EAFP ZzIg9e ?;qn}.

EAFP 5]2tH t}= 845 2317 7} | o} (Easier to ask for forgiveness than permission). ©] £3] 2 4 &=
shojml B9 AEAL, SULE A oS el HES] 2418 AL, 1 /o] Bel o9l &
yth. o] Z2E3ta wh-E AEtY-2 W2 tryflexcept 9 SR EZA AP YL o] HaZY2C

9} 22t B2 Adojo A 2} AR E = LBYL 2L 3 o vl g Y th
expression (23 2)) oj®H gtoe g T A 4 = ZH A
o5, JJEFRE °“/‘ﬂ/\ A 2k} ‘ﬂ’\%-ﬂ' e
e g2 dodzdgo=r, s Qdo]
o2 AEE e T E dFUTE Y =3 3]
extension module (% 25) C U} C++2 ZAH |
T} A4S 283t
f-string (f-F A1) '£' U 'F' & gof] < Exd
TAE glEE o S 4T YU PEP 498 & HA 8.

[rt
i)
o,
i)
il
filo
(o
ol
-

o
B
o
i)
=2
4
[t
rir
0,
kel
>,CI

file object (3} AA|) S} 2 ol i3 jJr‘?=l 2% 7% API(read () Ywrite () Z2 WA EE)E =8
= AA. s Wil ue} 5t d A= AA YHaa *bl 34 0145}3 A ZF2A B4 A
(g 5o, 2F 459, W= ¥y, 27, o] Z, 55) o gt AN~ FAT 5 AFYTh

S AA = 5D F A (file-like objects) L} 2~E (streams) olgln® &Yt}

AR Z = A L7 3Jr ] A2 & o] YF Ut E(raw) vho| v 2] 31, W 3 = (buffered) Hlo] 1 2] 3}2
A Ho]atE io BEAA FAFE UL I AAE B FHAEA U

=

E”

rlo
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off

finder (F}Qe]) Y2xEL ZES s AA.

ol 33. o] %2, F FF{F HAE 7 A5 U sys.meta_path & T AFESH= HEF A 2
v}ol ] 9} sys.path_hooks I} &7 AF&38l= A =2 ol E g 3ol

o] 2pA] 8 U 8-2 PEP 302, PEP 420, PEP 451 of V&1 t}.

floor division A5 YA M 7k A2 WEEsE 38 Al Ae Al dA ke /7 T
& o], 24 11 // 49 @227t HA L AF AL 2.758 E8F YTk (-11) // 4
7F-2.758 WHE st -30] Ho vA"Holﬁf“JD} PEP 2382 H A 8.

function () TEAtA] oJE & ST €AY EZE. gAY T o3y AA 7HAGE &= Q=
o], Blr] o] Addo] AFLE <= gS ) v WS 9F A = 9} function A AT H A L

function annotation (3= o] =g o] A) <= M 4=} 9k ghe] o =g o] A,

S olH o2 gt o g § SE 2 ASH YT A& E9, o] 5+ F /hY int AAE

ol d Aoz 7|Y= 1, FA o] int W3 S & F oz /hgych

P

i
b

o

W

3 A

o T
b
rlr
N

¢/

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

Sk o] g o] A -2 function Eof| A A gt}
o] 71%5& AW at= W4 o] o o] A 3} PEP 4842 =z 31A 2

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

__ future__ module documents the possible values of feature. By importing this module and evaluating its
variables, you can see when a new feature was first added to the language and when it will (or did) become the

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

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

w
N
o
N
o
<
©
=
io)
o2
©
<
o
n
o9
JuS
O
N

garbage collection (7] 2] $:7) ) A3 4| ¢h W B2 S vhget AAh S| WL FE A5 FA7
Fx2 2B AARL BE ¢ Yt 23 7P 274718 B3 A £AE S G Au|
AN go BES A A AT 5 Y&t
generator (A o]l) A1 2] o]e] o] Ele] o] e] & Eeji B, A WA Wol], AR 5
2 WEL yield R4S ZFArH: Fol hEUTE o] GHES for-FZE AH§ 37 next ()
(e}

B4z o ol s 7 5 gk
BE AYd ey &4 7e 7] A vk ]|
3 )7} e ke 7

generator iterator (A& o]€] o]g]#|o|¥]) | o|E T4 ==
Zryield® YA A Z A& TT5tL, XY (A HF-ER 7] S uy-B 5= 3
AP A E 71dFUh Aldd el g ol oy ZF ANEH Y, Bt X o2 B (ZE vt
A= A =EhE et tiu)E U Th.

generator expression (AU @l o]e] ZHA) o Hdlo|6E Selrt RAA. £ Wpel 49
For A3t AT A5 et i Fo| Hol B A FAA A HAUTE ATV EAALS E

93 g2 Bl

olFf o]E# oy £ 7t Ytk o=

>>> sum(i*i for i in range (10)) # sum of squares 0, 1, 4, ... 81
285
generic function (MY 8 g4) 7 S T E

2o Qure Az e 35 tel 1A% e e 7AY
o of | TR o] AL B A = ]2 A FaelEel] o s AFH ok

A=t adfx] 8o 2 functools.singledispatch () Bl Z @ o] E| 2} PEP 443% E A 8.

generic type (A U] 2 &) A rype that can be parameterized; typically a container class such as 1ist or dict.
Used for type hints and annotations.
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For more details, see generic alias types, PEP 483, PEP 484, PEP 585, and the t yping module.
GIL A9 olgzeEH = & HA L.

global interpreter lock (A9 ¢le]=2]e] &) 3 Hof 2 2 stye] g =7} sfo] i violE T = &
=& B A5 Y3 CPython Q18] Z 2] E] 7} A]-Bh‘a]-ﬂ HAYUZ. (dictd 22 223 YFIES
ﬂ?ﬂ'—) A Rdo] A A 02 F A AA| 2of ) kA '5]'—‘1:—% 7= o] 4] CPython :rL@
Ut Iz H AAE e A2 JAHZgHE thEsad =356 7] g A e+ W4l o
ZREAA ZNAZL At e B2 EE22 34T

m[o
V)
>
ol
off X Her o

SHAIRE o 4 BES2, EFIUAMA T, g5olusid 22 A A A A s
& GILS Whdst=5 A 5 Uth 23, /0E & v+ 34 GILS Wbt

(22 9 A st %—% tlol8 & F1E) “Ad =0l A 22 (free-threaded)” U H 22| B & ML
b sk AAL =¥ AT A A R, 3 FD Z2AA A9 A5 A A B WE Y
Ut o] 45 o7& FHshe AL Fde 2 556 e OV% vﬂ Hlﬁol o EolZd Zler

o} A A2 01_14;}

hasivbased pye (81 718 py) 548 0571 915 43 o ShAS) 25 54 212 ORI
AFE3F= vlo]E F = J)A] 9}, pyc-invalidation S Z23HA| &

hashable (3] 2] 7}5) A2 7F 44 2 gro] WaHA] oF= sfAIghe 282 (_hash__ () WA =7 289
el he A mE 2 90w [ eq O WA DG, A e e

et v A e AN EST AAGE Bolof itk
AN A AAE GAT Y A A W2 AT 5 9 st o] AR FEE
YRA o2 S Ak A3 w R
30105 U M3 AN EE A PSS ch (12 =0 AR e de ol E e
2] R Th (52 o] U frozenset 2-2) B 1] o] H%% a5 2450 A Thsd wi et
A T A8 gel 2ol Ant AAEL ARACE o) AST (V]
A& Al gl skales) B 2 rhal v AL, s g2 i EE o vhEol Yyt
IDLE 3}o]#-& 93t 5% 7|3 &7 (Integrated Development Environment). IDLE2 3}-o] %1 9] 3£ £ ul 32 7
of mehe 7220l W79t el el B ok
B ke 2E A, B9 AN E 27, 2AY, 52 Loel A7) 5
. A g A e el Al A % iz ook Tk ekl e Al kel Slolol
T

;ﬁ%%ﬁﬁﬂﬂl Eol, 94vele) 7).
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o
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P AR5 B %E}%%?QHD} 14%10] D‘rxl pyth ong 4
A8 (AFE S Folirol 4 AEshe A s @ 5 QEuh. Al ool g AAsA Y &
7)1 A& Sl vt = v-%
interpreted (QJE] = 2]l H}O]Ei
°ﬂ4mmaﬂoua
A2 AL AR APE
zel ool BE A Aojrrt g

interpreter shutdown (QE]= 28] £8) £53let= R HS W2 uff, 5lo]| A ¢ =
24 O}LFﬂ, EE ]Ur 04?4 7R F8 s yE
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imwk@ﬂﬂ—)ﬂm&%ﬁﬁﬂawmiﬁ%Q%%7ﬂ.ﬂﬂﬂ J#EL+LHNLKL
tuple Z2) AlE2 I & dlct o dd u Al FA FE, 3 AAE,  iter () Y AHAA

M= F8sh= getltem ]HE%M}H@Q}?} RE Zgrg 714;4]1:0] ol/\qr)r

ol B2 for F2I }‘]"Q'%T %J— Al diéj‘é 23t o E%S X (zip (), map (),

o *}3%-?21%‘43}- oJHHE AA I WG T4 iter () o AAE ALGHWE, 1 A ©
%fﬁu‘%‘?} o] ]Ei?—ﬂO]EiL HE HEge e 7%?%%?}v§§‘43} o] ¥ &

iter () & ZESHA, ol # ol E] AAE 2 ‘

Oﬂﬂi—ﬁr% o Al H/H Aoz Fed, F2E T ¢ oHE o HE JOP% o] &

FuUth olgd ol g, AJ A, AlF#olE & B A L.

iterator (o]E]#|o]€]) HloJE|e] 2AEH S F 3= AA|. o|EHo|E]Q] __next_ () WA EETHEZH S
% 50 (T8 U B4 next () % AR 25 0] Yt FREL At =TT o
o]/%49] o] H 7} ¢l= W= thAl StopIteration dl&E g Uth o] AHlA, o & o]E A
A= 2%, 0l % ﬂ BEE_ next_ () A E &L Stoplteration o2& thA] 2 7] 7]?}
itk ol H ffﬂ olEl olH e ol A A4l & s T __iter_ () WA EE 7HE o] 8757
ufj Fof], ol B #l o] Bl = o] El 2] B 0] 7| & 3al THE o] H Y EE S WolE o= T2 Lol A A2
T AUt SR8 o9 = o3 WMo olE ol A S A Edhe IEYUYH (List 2-2) AH oY
7“21] Titer() 5 E AGAY for Fxo AE T wjulch A o] H# o]EE WU Th o™
22 olE & o E Oﬂ i Al 3 ete] a2 shd, A o] Bl o] M of] ARE-H o]u] A Z1H o]EEolHE
EHFA, A AE oA | l"iol Al vHE Yt
typeiter °f] & ZpA] &k W&-©] Q55U T

key function (7] 34 7] S EE% Z 9] o] A (collation) &+ A & (sorting) ©] Y ¥ & (ordering) o] A}-2-=

= #= T 2HEJYUTE oAlE £09], locale.strxfrm() & A4 54 YA w=2s
Z“'jﬂe UP‘:LEﬂ /\}&%‘/]EP

gtol Mo W =77t @450 DA A AR Fol=AE Alofstr] 913l 7] TF4E o}
EYJUth o]d AE9+=min(), max (), sorted(), list.sort (), heapg.merge (), heapq.
nsmallest (), heapg.nlargest (), itertools.groupby () ©] Y5Ych

7] & wE s e o E 3 O] AT o § S0, str.lower () HIMES 74101’\
AP -,46‘1— 7l 42 AFLE 4 S5 U Ao 2 7] 4= lambda &
A=, old AYUrth lambda r: (r[0], r[2]). E3h operator_,_g‘_/ﬂ] 7H9/]7
A AE A F YT attrgetter (), itemgetter (), methodcaller (). 7] 45
}\]——9- = Woll 3l of|  Sorting HOW TO & H A &

keyword argument (7] & ¢12p) <A} & HA Q.

lambda (Zeh) 5532 1] gro] THAL o] 784 02 24T o) & Gt AT B, Ao BB
W= B2 lambda [parameters]: expression YUt}

N,
o
v}
i
e
o, ko do
rlr
§2
oy
_\:
K
H
O
[}
ﬂmmﬁ
mmmm¢

it

il a% < €2
Ro > bt el

BL
Z
lo
Pﬂi
_,4

rl

LBYL % 7] Z ol X 2} (Look before you leap). ©] 7 2AEFY 2 S Z oL} 23] & 317] Aol YA A o= A
2AEL AAE YT o] 282 EAFP @ELHSJ%W]H]Q I, g2 if Y EAE SZAAFH YT
T3 28 = 2o A, LBYL H2WH-2 “B 7|78 “H 7" 2ol A 27AE “&574] Aol I
t} o] & Eo], ZE if key in mapping: return mappinglkey] & AAF X, A 9k 23]
Ao, th2 28 =7} keyE mappingo| Al Al AstE A& o+ s th O]E* o]+ 5 ©] 1 EAFP
ATHS AT oEzN sl 2dE o+ s

o
list (B]2E) WA sto] A A A T o]Fol= B3, ol thst AA A7 0(1) o] 7] wi2oll, 42
2] ~E (linked list) B Th= of 2 A o] 9] v &3} AU T}
list comprehension (x"/]/\E Az A) AF2Y A5 AR EE=AdRE HEstuy 2 2HE g AER
3= 7083 . result = ['{:404x}"' .format( ) for x in range(256) if x
$ 2 ==10]% ooﬂ/ﬂ 255 Apol 9 O‘% AL 20 1675 (0x.) 5L 53
t{}E\/]"/P- if B2 A 5+ 5yt =S, range (256) o] )
loader (2¢]) R E& 2E3l= A Al load_module () ¢]ghE o5 HINEE 3-4“11"?6“4‘:} 2+
BRE gog 7} B8 Ytk AA 3 YL PEP 302 E, Ao~ Z 8~ = importlib.abe.
Loader & HA| Q.

magic method (W] 3] Wl A &) 55 v A = o] v]F 44l B8k T,
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mapping (M) doJ o] 7] 23] & A Y3} Mapping ©] Y MutableMapping FA Hloj 2~ S~
off AAAH HAHEELS FASt= AH oY AA. o2& dict, collections.defaultdict,
collections.OrderedDict, collections.Counter & & 4 95Ut

meta path finder (W€} 2 5}916]) sys.meta_path & o] EJF & volr. HE J= vhelr+=
Az dEg 3y 2 #&AE O Q7]+ AT Ut
v el A2 37t 8 el= WA E S A= importlib.abc.MetaPathFinder &
Hyrth

b
(£

metaclass (WE} &) 2 S, FHa o= FHx o5, FAlx MY, Holax FHaE

o] BE2g Byt HE FEAE o] Al AAE dholA S AE BEE A Y-S F Ut gE £

AA Ay 220 AdojE2 7|2 FES AT ZULh gho|H & S e A2 AxE

HEe ZH2E e = Ao AYUth 2 ZE AR A A= ol =77 A 28 glATH 287t

A4 o, e FeaE AEeta folst A S AT AJEFE AN 29 27 (logging),
THG 2 o2 Ao AR RS UTH

2= ke 2o AA B 4, =
metaclasses o A © A3 &S 2 9l

o

method (W] A=) Z#2 nir] <ol A A o] =]
T HEE A HA AR} (HF self
A5ZEHAS.

method resolution order (WA & Z2A £ 4]) HAE 24 A= 23
ZH B0 =AYULE 23 el K E gho] A dE Z e H
Python 2.3 Method Resolution Order& ¥ 3 F Ut}

module (2 5) 5ho 8 7=9] 243 19 & ek A, REL 919 oM AN S L B o) B
F0g A5tk RES 9t Ao o6 spol W e 2R
H712 = BA L.

module spec (RF 23)) ¥ 35S 2ESEH A48T JEE B8 AHES BT Jt o & B2
importlib.machinery.ModuleSpec & QA1AHA,

MRO HA= 27 =4 & BA Q.

mutable (7}¥) 7} AA = ghol I = JATid() & A FATYULE 28l = BAS
named tuple (V| Y= F&) “named tuple(V| J = F2)” o] gt §o]& FZoAA AEH3L o] F B2 I E
B HEES ARl AddlA g 4 e 240 A2 T 5 Je BE Fo|ug S AP Ut

Folu} Ze 2ol e 715 E JL 5 YU

time.localtime () ¥ os.stat () 7} ¥ e TF3te], o2 R ol = FE Y
T 02 o= sys. float_info Yy

o

>>> sys.float_info[1l] # indexed access
1024
>>> sys.float_info.max_exp # named field access
1024
>>> isinstance(sys.float_info, tuple) # kind of tuple
True
AR Y= FE2 P S D YUk E, tupled] A 445m o) 2 RS BES o se
A o2 o2 M YE FES UE S dSUth e @ 2o 48 YFAL A E P4
collections.namedtuple () 2 TH& & U T2 7|12 A H A AY WA U L=
FEAAE &5 e %A A =S 28] = ok

namespace (] 5 %) W47t AGH & A, o8 B0 IV TR AAol TP o) 2
F7 (A o A) Bakobel Ao, A, WA o] 2 B1ko] YHUTh o] 8 BIL 0B FES
BAA RERE ALFUTE & 50], 5 builtins.open Zos.open() = 159 o5
2k o FEP YT £ o] F F7H2 ojH BE o] F4E FHII=AE R WEA
M= A T A HeAdo 2= UL o & 59, random. seed () = itertools.islice ()
gtal 2 1 o] 242 random 3 itertools EE O o8 7+ S o] WU
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namespace package (0] 27+ 7] 2) 22 A H #7759 AH o] 27 7] %5 el PEP 420 7] 7] 4.
o2 B AN B A AMT QAL 2% AT, 59 _init__.py Hdo] glemw A
7] 7 oh THE U

EE T HASL.

nested scope (538 2515%) £2120 42| W5 g 2o 5, of
o Bt w Bl Y WSS
e, Tl A T
2T v AR 7, el M5 Ao o] B B7hel A 93 £UTh nonloca

2= AL U

new-style class (F 2Bl Zal2) AF2 2E Zd 2 AAod ASFHT A= ZF2 HAL oA 9
5. 2719 gtolH HAAE, 24 FaEYd FYAaT __slots_, YA2IHE, =gk H,
__getattribute_ (), 2l WAL, 288 HAE} 2L sto|H MET LS 755

o A g8 2 919 & )

object (AR ¥ (AEAHEL ) & 2T 54 (IAE) o] P LE HoH. EG BE 28t
Zo) s o] F A9 Mol 2 A,

package (37] 7)) A2 RESO|LL AAA0E AR A ASL ERE 4 e vl w5, EH0w,
714 patn_ oEelREZ} g shol A RE Uk,
A N7 A 9} o & B2 AAA E HA L

parameter (A) G (LU B0l G5 DL & e A (m o0 A4S AAD) B
AR ol F B AL EL Tl E7 HARS A5

o -7 9 = (positional-or-keyword): ] %] <1 A} 1 7] 9] = <1~
ytt o] Zlo] 712 Fej i s YUt ol & 5] the

A2 AGE e AAE ART
o A foo &} bar:

def func (foo, bar=None) :

o A X-AE (positional-only): YA 2 AFE 5 Q= AAE AATUTH P2 AL 4=
S Aolo] Wiy BRof / BAE 23e 1 T F o AT dH5 U oS Eo] g
ol| A posonlyl 3} posonly2:
def func(posonlyl, posonly2, /, positional_ or_keyword) :

s 71 =-H-§ (keyword-only): 71% EUAEE 5 e dAE ARZ T 71H=-A8 v A
e EER L 5]10]444ﬂ@HﬂWﬂLT4*ElmEE@ﬂH
Aogd 4+ AdFULh A E 2o A kw_onlyl &} kw_only2:

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

o 7FH-9] X (var-positional): (Th2 Wi 7f =50l &3 A o] n] @totEo 7 9 %] Ax}FEoll &)
AETd 4 Jd=AA AAES Y AD2E AAZFULE ol & w7 H4E= w7 4= o] F-ol
* 5 9kl qu/ﬂ AYE 5 AsUth A& S0l thaol A args:

’def func (*args, **kwargs):

« 7H-71H = (var-keyword): (ch2 i A ‘?‘J—’F%"ﬂ o3| A ofu] ol5 o X 7] = A A= Tfsl)
Asd 5 3l 499 e 71 E dAs S ARZFYT o) v v o] 5o
g ol 244 Ao E 5 A Uth ol E S0 919 Aol A kwargs.

WA e A QA S f 7|2 gEw ofy et dE Ao Ay A A== AR =+ A5
Yt

At *‘101@ T, Ak} i/ ao] Afolol 2= FAQ EE, inspect.Parameter F &,
function Z, PEP 362% H A Q..

path entry (A2 A=) 4= /|0 5Hole] 7 JEE G RESS 27 A9 Fuse JEE A2 4

shitel .
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path entry finder (7 2 NE ] 312 t]) sys.path_hooks o] Y= ZHE (&, ZZ dEF =) o] | F
L gloly Ay, FolA A2 dER B2 RES = w2 o7 9%

AZ JEZ Ay Eo] FHE=HAEEL importlib.abe.PathEntryFinder o] U3 4Yth

path entry hook (A 2 JIE 2] &) sys.path_hook FAEJ J=ZHEQUY, EAH AR AdEZ oA R
ESFcHES LI IUH AR AEY IHAY & =HF 1413]—

path based finder (3 2 7]t 5}Q1]) 7] &2 v e} 4 = 3}l o & & s, ¢
S,

pathike object (425 A 519 A28 =S Uehis A, A2F AAE J2E G str
Y bytes AA| o] Al os.PathLike T2 EEZ S T s= AAYYrL} os.Pathlike ZE2EF
S A Y3 AA £ os. fspath() 55 TZ3 A str thbytes I A28 A2 2 Wghgd
5 Utk Al os. fsdecode () & os. fsencode () = 22t str U bytes 23S B A 5H=1
42 4 95T, PEP 5192 315 9z o

PEP 5ol %1 |4 4] ¢k, PEPE 5ol A A5 U Elo] 4 H & A58 shol 4l E i =
off 3t M2 715S AYsle AA EAYUTH PEPE A HE 7] 5ol thet H 23 7| A E
ZAE AlFH oF @WD}.
PEP= 98 NMEL 7| E5L A|¢tst
2RSS EAE TET -145} 7] v A
Hit] o] A8 EA5 S Aol JFY
PEP 1 # %314 8.

portion (Z4) PEP 420 9| A A2t 2 A9, o] &
=9 A @ip oLl AR = Aw )

positional argument ($] 3] Q1xP) <12 & HA L

PM

E 4= A

td
il
o
L0

gpol ol S ozt A

Aol Tl gk AR E 1 )
{1t PEP = Ve Wl A el g &3k
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Python 3000 (o] 8 3000) s+o] A 3.x WE 2holo] B (A 3] WES W v ehe] o]kl | A Ho] B
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Pythonic (s}o] AIThe) ThE Qo Sol 4 ANA A GEL 34 TES PASFE th4, o]
of ol A 74 AFF A5 & ol 452 7Pbo] et ofoltofu} IE 27 o] &
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for i in range(len(food)):
print (food[i])

o 253, shol Arhe WYL oYt

for piece in food:
print (piece)

qualified name (3735 o]2) 5 AY A2FZ oA BRE AYH Fe 2, T, HAE o2
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>>> class C:

class D:

def meth (self):
pass

>>> C.__ _qualname_
IC’
>>> C.D ualnarm
'Cc.D'
>>> C.D.meth ualname_
'C.D.meth'
2EZ 7MY 7] ol AHE-E o, &3] B3t o] & (fully qualified name) & BE R B ) 71 A&
TN REE 7= %‘j_o_i—{ HolEL 9ndgUt o & £9],email .mime. text:

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

e 2ol s AAe B2 57002 Dol AW, w2 e} o
MV 2P 25e 9002 Bol0 220 e FHAE YA Pl 02 9y
52 AR #I=x A4+ E E8]F = getrefcount () & F g}

51

regular package (J4F A7) A]) __init__ .py FL¢E& £33E= g g et 22 A5 F <l 9 7] A].

olF T AH7NA = HAL.

_slots_ e 9] Ao, A2E s 2L RESS % 302 ve] AL A2H A A
g AAG oA W= g g A3 U A7) A7t HA W, o] BT L ent=
AE3717E S 7R E Aol Bl N 58 22 aWol A B 5o AndAT Y
=98 49 B Aol FHTh

=]
sequence (A]@2) _ getitem () S WA EE B3 A AP 2E AL FWE 24 AN2E A
5, A58 AolE EAFE len O WASE ASIShE o) el 2 WP AAnE
UgsEd, 1ist, str, tuple, bytes 7} . di Sk getitem_ () I} __len_ ()
= Z]'{J_'dl’xl A, 23] o] A oAl ol o] £ 715 ARS-St ] 2ol Al F A7t ot mj g o2 F
RS Aol Fol ok T

[>

0
e
l-n

collections.abc. Sequence = AF W o] & %EHQ% __getitem_ () & __len_ () &
dojx xR F5S AEso]laE A3k, count(), index (), __contains__ (),
—_reversed_ () % ZHd ot o] g < E O]C% A3t P& register () & AE3)

=

A PAH o 2T 5 JdFYTh

set comprehension (g A=A A) olgHE = 84 AAY IRE A3t 2748 F2 I TS
H3st= HA S ¥, results = {c for c¢ in 'abracadabra' if ¢ not in 'abc'}
=29 A {'r', 'd'}E BT rh comprehensions2 FFEBHA Al L

single dispatch (3] 2 D]!_\_JH;'(]) 23 0] shpo] 1zpe] Wol 7] Ea Al AR = AP 32 o) A5 A 2
st 3 H.

slice (E&lo]2) HE A[AA Y dRE 3ot AAl. Setolae AE ATHE £7)H
FUth variable_name[1:3:5] A4, [] ¢t o 7| AE ZECE £
MNEBE23HE)Z7H2 WRAo= Sllce AANE A& F

special method (54> WA =) Flo] o] gof o] FALS, Tl 2L A 53 i _-'T/\] 207 3ETE A
E.olF WA EE F Y BER AIZSHAL B O] 2 27 s Ut &4 W A =+ specialnames

of 242 wEolA Yyt
statement () T&2 29 E (=9 “EF(block)”) & 7S+ FEAUTE 32 534 o] AY
71N EE AMS e o8 7HA] 2R E Y stud Y th 7HE if, while, for.

text encoding () A E 2137 9) A string in Python is a sequence of Unicode code points (in range U+0000-
U+10FFFF). To store or transfer a string, it needs to be serialized as a sequence of bytes.
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Serializing a string into a sequence of bytes is known as “encoding”, and recreating the string from the sequence
of bytes is known as “decoding” .

There are a variety of different text serialization codecs, which are collectively referred to as “text encodings”.
tex fle (452 h4)) sto ANE A2 & 4 Qe A7), £3, = AAL AR L Mol T
ol HAE Y M AT FAE Q15T & A% AT HAE e d2E HAE BE
('r'Ex'w) 249 31Y, sys. Stdll’l, sys.stdout,i0.StringI0 9 AAEHAE E 5 JAH

gt

o stUE 5

S ol 27 o) 5 A e Hem g
1 9=

BAE 2A 2k el 2o A4 4 At SAYE £l 53 £B QG
type () shol 4 Azl F& 1300] oW B5e] AR AAE AR FULh BE AAE Fo| YUt}
AA S P __class_ OEFYRER IA2T 5 YA type (ob]) B B2 F AU
type alias (3 o] o]2) FL APEAo] ) A 5ho] WSl A= P2 T o,
Yol deloj s P IES dedsts 8P o & S0
def remove_gray_shades (
colors: list[tuple[int, int, int]]) -> list[tuplel[int, int, int]]:
pass
£ ohg 2ol o 97 44 e 5 Atk
Color = tuple[int, int, int]
def remove_gray_shades(colors: list[Color]) -> list[Color]:
pass
o] 715 AW typing T PEP 4848 F235HA 2.
type hint (3 3 E) ¥4, F2 A ELHE 2 4 w7 o vk 3o 71HiE = 32 AR Sk ol =
| o] A.

Alq e E Agsta, A W, 22 JEARE 3 g5 @ JEE typing
get_type_hints () & AH§5to] QA AT 5 Qs
o] 7152 A H3lE typing T} PEP 4845 X SHA 2.

universal newlines (UM A & 37) th=3 22 4 RDEF 29 Zog QA3 HAE /\E%‘ =

= O =

== T
Aot Bl = e 7H6§ A& "\n', A== A "\r\n', 9 UH?JEA] e
Z7+A Q1 AFg-of] B A = bytes.splitlines () gk ol 2} PEP 278 &} PEP 3116 = Exﬂg.

variable annotation (4> o] = EH|o] ) HE == ZP 2 oJETHEQ] of - H o] Al
He e FdaoEgREY ol oldS 2ol thy2 A8 Ayt

class C:

field: 'annotation'

WS ofmHo] e Ao § =R ASPUTh o o, o] WSt int P AL AR
719 Uk

count: int = 0

W o] i H o] £ ¥ -2 A A annassign ol Al A g o
o] 715 A9Y3tE= T4 o] =H o] A, PEP 484 ¥ PEP 5262 X314 8.

M
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virtual environment (7} %}
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E8E A8 VoA
venv E HA 8.
o AFE. shol42) 714 7] A vlo]

virtual machine (7} 7]4)) 2 Z E gjojulo
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APPENDIX B

O] dHAOf 25}0q

o] A ™ A= reStructuredText Ao Al RES 01X A0 2, sho]H AYAE Sl 53] A2 A A 87
9l Sphinx & A& 5 Yt}
AT A et o] & AT EA A N2 Shol ApA| of mpHA = A o 7 AFA-gALARe] =3 Y T 7] o] 8}
Athd, Zro] R ol th 3k A B = reporting-bugs | ©] A1 & il 75‘]’ AA 2. 22 AL S AP A Al
It
= EsoA B2 A =-YTth
o Fred L. Drake, Jr., 9 &f s}old AvgA =7 R go] 2 apo| 2t w2 2dl =9 27

&

ﬂl

l—J

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

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

B2 Abgho] shol A Qlof, sholx ®F gholu e 2] Bl shold A Ao 715Ut 7oAt FE A
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appeENDIX G

oI b2} 20| Ml A

C.1 AZEQ0{Q A}

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

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

PSFo] 391 3919 Th,

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

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

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

13~152 |12 1995-1999 | CNRI yes

1.6 1.5.2 2000 CNRI no

2.0 1.6 2000 BeOpen.com | no

1.6.1 1.6 2001 CNRI no

2.1 2.0+1.6.1 2001 PSF no

2.0.1 2.0+1.6.1 2001 PSF yes

2.1.1 2.142.0.1 2001 PSF yes

2.1.2 2.1.1 2002 PSF yes

2.1.3 2.1.2 2002 PSF yes

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

Fi: GPLY s8dAvE A2 78 7FGPLE stold g v zdkE s st & S5y EE
gpol gholAla= GPLH 2] of 2o WS 37/ 422 WA G A vdS iz 5 A
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Ut} GPL 8 gho] Al A= 5lo] W} GPL Sfoll &t H T2 A nEYo] S 23a 4 g A It o
A5 197 FUTh

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

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

glo] W A= E g o] 2} AW A= PSF License Agreement©l] Whe} glo] Al 7} o Ut}

gho] A 3.8.6 5 E], DA oA, 2] ¥ 7)€} 3 == PSF License Agreement 2} Zero-Clause BSD license©))
ke o] F gho] AT Hoj gy

vhol Ao F3E IR AZE ool & thE gholAlAart AgH Ut gholAdlas sl ghol Al 3l 33)
=3 A Ydgyrch o]y st ol Adlae] ESASH 552 23 E Az e ofof sk glo] Al g
S5 TR L.

C.2.1 PSF LICENSE AGREEMENT FOR PYTHON 3.9.23

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

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

3.9.23 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 3.9.23 alone or in any derivative

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

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

Reserved" are retained in Python 3.9.23 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 3.9.23 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
3.9.23.

4. PSF is making Python 3.9.23 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 3.9.23 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 3.9.23

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

MODIFYING, DISTRIBUTING, OR OTHERWISE USING PYTHON 3.9.23, 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 3.9.23, 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

(Th5 slTeTATol AI%)
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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.

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

C.2.3 CNRI LICENSE AGREEMENT FOR PYTHON 1.6.1

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

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

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

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

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

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

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

(ThS slTeTATol A1)
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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 3.9.23 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




Extending and Embedding Python, £ A| B{% 3.9.23

C3 ZgtEl AZ Egfofol cist 2lo|MlAa H s2l

rr
i)
o
1z
[>
o

shol 4 v 3ol 3 A4} 4z E g ojo] o) B A A T FotT 9]
=

C.3.1 HE2M EQ[AH

_random B &2 http://www.math.sci.hiroshima-u.ac.jp/~m-mat/MT/MT2002/emt19937ar.html of] A
Welh 3o 7Rt I =8 233Utk b2 dd T2 A4S Iz 70 Atk

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

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

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

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

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

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

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

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

Any feedback is very welcome.
http://www.math.sci.hiroshima-u.ac.jp/~m-mat/MT/emt.html
email: m-mat @ math.sci.hiroshima-u.ac.jp (remove space)
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C.3.2 43

socket R EL getaddrinfo () & getnameinfo () &4E ARt} o] &-& 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 &2 b33 2 Y AHgHE 233t

Copyright 1996 by Sam Rushing
All Rights Reserved

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

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

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

http.cookies RES T} 28 59 A3 TR

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

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

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

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

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

o 2e 39 ARE THFYT

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

Python 2.2 license.

Author: Zooko O'Whielacronx

http://zooko.com/

mailto:zooko@zooko.com

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

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

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

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

Permission to use, copy, modify, and distribute this Python software and
its associated documentation for any purpose without fee is hereby
granted, provided that the above copyright notice appears in all copies,
and that both that copyright notice and this permission notice appear in
supporting documentation, and that the name of neither Automatrix,
Bioreason or Mojam Media be used in advertising or publicity pertaining to
distribution of the software without specific, written prior permission.
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C.3.6 UUencode 2! UUdecode &t

uu BES e 22 7o AR 23U h

ol

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

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

Modified by Jack Jansen, CWI, July 1995:

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

- Arguments more compliant with Python standard

C.3.7 XML ¥4 ZZ2A|X &

xmlrpe.client REE The T 22 29 A3 gk

The XML-RPC client interface is

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

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

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

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

test_epoll REL 0he 3 28 79| 4GS ZFFUTh

Copyright (c) 2001-2006 Twisted Matrix Laboratories.

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

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

THE SOFTWARE IS PROVIDED "AS IS", WITHOUT WARRANTY OF ANY KIND,
EXPRESS OR IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE AND

NONINFRINGEMENT. IN NO EVENT SHALL THE AUTHORS OR COPYRIGHT HOLDERS BE
LIABLE FOR ANY CLAIM, DAMAGES OR OTHER LIABILITY, WHETHER IN AN ACTION
OF CONTRACT, TORT OR OTHERWISE, ARISING FROM, OUT OF OR IN CONNECTION
WITH THE SOFTWARE OR THE USE OR OTHER DEALINGS IN THE SOFTWARE.

C.3.9 Select kqueue

select BE S kqueue QB3] o] 20 Al the o) 2& 9 A EFFY o

Copyright (c) 2000 Doug White, 2006 James Knight, 2007 Christian Heimes
All rights reserved.

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

modification, are permitted provided that the following conditions

are met:

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

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

THIS SOFTWARE IS PROVIDED BY THE AUTHOR AND CONTRIBUTORS " 'AS IS'' AND

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

OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT
LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY
OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF
SUCH DAMAGE.
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C.3.10 SipHash24

34 Python/pyhash. ¢ o+ Dan Bernstein®] SipHash24 €17 2] = 2] Marek Majkowski 2] & o] 3 35| of
U Th o 7ol & e 22 -go] £ o] Uz vk

<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 %} A4 712] HES 938 C &4 dtoa &} strtod S A F o= 3L Python/dtoa c = 3
http://www.netlib.org/fp/ o] A A& 4= 9= David M. Gay 2] Z+-2 o] &2] 5} d oj| A s} = 25 Y T} 2009
d3g 160l B2 Y& spdof = th3 22 A2 ¥ 2ol *ﬂc FA7F 2FE ] JdF YT

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

*

* The author of this software is David M. Gay.

*

* Copyright (c) 1991, 2000, 2001 by Lucent Technologies.

*

* Permission to use, copy, modify, and distribute this software for any

* purpose without fee is hereby granted, provided that this entire notice
* is included in all copies of any software which is or includes a copy

* or modification of this software and in all copies of the supporting

* documentation for such software.

*

* THIS SOFTWARE IS BEING PROVIDED "AS IS", WITHOUT ANY EXPRESS OR IMPLIED
*

WARRANTY. IN PARTICULAR, NEITHER THE AUTHOR NOR LUCENT MAKES ANY
* REPRESENTATION OR WARRANTY OF ANY KIND CONCERNING THE MERCHANTABILITY
* OF THIS SOFTWARE OR ITS FITNESS FOR ANY PARTICULAR PURPOSE.

*

***************************************************************/
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C.3.12 OpenSSL

The modules hashlib, posix, ssl, crypt use the OpenSSL library for added performance if made available
by the operating system. Additionally, the Windows and macOS installers for Python may include a copy of the
OpenSSL libraries, so we include a copy of the OpenSSL license here:

LICENSE ISSUES

The OpenSSL toolkit stays under a dual license, i.e. both the conditions of
the OpenSSL License and the original SSLeay license apply to the toolkit.
See below for the actual license texts. Actually both licenses are BSD-style
Open Source licenses. In case of any license issues related to OpenSSL
please contact openssl-corelopenssl.org.

OpenSSL License

Copyright (c) 1998-2008 The OpenSSL Project. All rights reserved.

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

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

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

3. All advertising materials mentioning features or use of this
software must display the following acknowledgment:
"This product includes software developed by the OpenSSL Project
for use in the OpenSSL Toolkit. (http://www.openssl.org/)"

4. The names "OpenSSL Toolkit" and "OpenSSL Project" must not be used to
endorse or promote products derived from this software without
prior written permission. For written permission, please contact
openssl-corelopenssl.org.

5. Products derived from this software may not be called "OpenSSL"
nor may "OpenSSL" appear in their names without prior written
permission of the OpenSSL Project.

6. Redistributions of any form whatsoever must retain the following
acknowledgment:
"This product includes software developed by the OpenSSL Project
for use in the OpenSSL Toolkit (http://www.openssl.org/)"

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

NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES;

LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)

HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT,
STRICT LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE)

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).

L I S T

Original SSLeay License

Copyright (C) 1995-1998 Eric Young (eay@cryptsoft.com)
All rights reserved.

This package is an SSL implementation written
by Eric Young (eay@cryptsoft.com).
The implementation was written so as to conform with Netscapes SSL.

This library is free for commercial and non-commercial use as long as
the following conditions are aheared to. The following conditions
apply to all code found in this distribution, be it the RC4, RSA,
lhash, DES, etc., code; not just the SSL code. The SSL documentation
included with this distribution is covered by the same copyright terms
except that the holder is Tim Hudson (tjh@cryptsoft.com).

Copyright remains Eric Young's, and as such any Copyright notices in

the code are not to be removed.

If this package is used in a product, Eric Young should be given attribution
as the author of the parts of the library used.

This can be in the form of a textual message at program startup or

in documentation (online or textual) provided with the package.

Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions
are met:
1. Redistributions of source code must retain the copyright
notice, this list of conditions and the following disclaimer.
2. Redistributions in binary form must reproduce the above copyright
notice, this list of conditions and the following disclaimer in the
documentation and/or other materials provided with the distribution.
3. All advertising materials mentioning features or use of this software
must display the following acknowledgement:
"This product includes cryptographic software written by
Eric Young (eay@cryptsoft.com)"
The word 'cryptographic' can be left out if the rouines from the library
being used are not cryptographic related :-).
4. If you include any Windows specific code (or a derivative thereof) from
the apps directory (application code) you must include an acknowledgement:
"This product includes software written by Tim Hudson (tjh@cryptsoft.com)"

THIS SOFTWARE IS PROVIDED BY ERIC YOUNG " 'AS IS'' AND

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

OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT
LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY

ERE T R A B N S N S N S S SN S N S N SN T IS S S S N S S S i T T N S R S N S
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* OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF

* SUCH DAMAGE.

*

* The licence and distribution terms for any publically available version or
* derivative of this code cannot be changed. i.e. this code cannot simply be
* copied and put under another distribution licence

* [including the GNU Public Licence.]

*/

C.3.13 expat

pyexpat &2 WEE ——with-system-expat & /82| %= st E3HH expat &2 AHES ARG

sho] =g ek

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

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

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

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

C.3.14 libffi

_ctypes &F2 W& ——with-system-1ibffi & 74 3}X] ¢k o, 284 libfli &2 AR S ALS

shof M=k

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

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

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

THE SOFTWARE IS PROVIDED ""AS IS'', WITHOUT WARRANTY OF ANY KIND,
EXPRESS OR IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE AND

(ThS sleTATol A1)
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NONINFRINGEMENT. IN NO EVENT SHALL THE AUTHORS OR COPYRIGHT
HOLDERS BE LIABLE FOR ANY CLAIM, DAMAGES OR OTHER LIABILITY,
WHETHER IN AN ACTION OF CONTRACT, TORT OR OTHERWISE, ARISING FROM,
OUT OF OR IN CONNECTION WITH THE SOFTWARE OR THE USE OR OTHER
DEALINGS IN THE SOFTWARE.

C.3.15 zlib

21ib 232 A2 "o A RAE zdib W o] 1R o5 o) W] A8E 5 Qow, EIE zlib 42
g A-gShol e U th

Copyright (C) 1995-2011 Jean-loup Gailly and Mark Adler

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

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

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

2. Altered source versions must be plainly marked as such, and must not be
misrepresented as being the original software.

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

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

C.3.16 cfuhash

tracemalloc °f & A}25 = 3 A] H o] 29 3L cfuhash T2 A EE 7|Hlo 72 Sh T}

Copyright (c) 2005 Don Owens
All rights reserved.

This code is released under the BSD license:

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

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

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

* Neither the name of the author nor the names of its
contributors may be used to endorse or promote products derived

(Th5 slTeTATol A1)
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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 Y =& ——with-system-libmpdec & 74 3}A] &= S, Z 35 libmpdec 42~ AR
2 Aol W=tk

Copyright (c) 2008-2020 Stefan Krah. All rights reserved.

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

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

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

THIS SOFTWARE IS PROVIDED BY THE AUTHOR AND CONTRIBUTORS "AS IS" AND

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

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

C.3.18 W3C C14NEHIAE ARIE

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

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

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

(ThS sleTATol A1)
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* Redistributions of works must retain the original copyright notice,
this list of conditions and the following disclaimer.

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

* Neither the name of the W3C nor the names of its contributors may be
used to endorse or promote products derived from this work without
specific prior written permission.

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS
"AS IS" AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT
LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR
A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE COPYRIGHT
OWNER OR CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL,
SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT
LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE,
DATA, OR PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY
THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT
(INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE
OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.
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sho] 3} o] WA E:
Copyright © 2001-2023 Python Software Foundation. All rights reserved.

Copyright © 2000 BeOpen.com. All rights reserved.

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