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CHAPTER 2

MERE=ATEREIZY R

A X — S AR A 5 0 THAR B IS o0 T A C Al C ++ 7. B2 Tk 2 THAY A
HE, MARHEBREEHCH C RN,

2.1 {#f C 5 C++ 3" & Python

WIRRESH C, TIHTE) Python Py E AR R M. DA WA REH Python BRI, W PAE N
extension modules RS2 SEPUFI P EXT G280 T C EREM ARSI .

NT A€, Python APT (W HIREFF St 1) €T —RIKE. RHASH, LAV Python iZ17
I AR GEH R 7> %S . Python ) APT AT DA AE—A C YESCAF T "Python. h" KR

PR 4 S 07 R S AR H AR GEBL R R SN2

ik

C §JE# O %54 CPython, ¥ FEFLHICIATEH A Python SEH BT AE. FERZAUGOLN, MiZithE C
PR, RARFEAIBAE. 20007, WRAR AR T C SRS R/A, RV1%%BEEH ctypes
Bl offil JE, MAZACE C M. KRR AVFIRE Python AYRE D C RS, T H AR NE
B AR FERILT .

211 —NEBEBF

IR ATA) AP RAIH spam (Monty Python 5} 22 fiz ¥ (K & 4)...)  F HLAT S H 6H B C 42 bR 4X
system () (¥ Python H 11, XA BHHZ DA null 45 R FAFH SEOFHR MM FATAET
PATE Python Hh AT 5 =Gy G R 45

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

HEAE#—A> spammodule.c XM, (ff4E L, WER—DEIN spam, WX LB ER C MM
spammodule. c; QIARX MEIRY FARH K, Al spammi £y, WXL SCHFI] AR spammify .
c.)

A A O D ATEARIERE os HLT, 33X LIRS — MR N ELHE
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SCPEFRIT IR AT 2 -

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

X2 A Python APL (BIRAREN, ARAT DAYEIX HLAS AR H AR FUBAUE B HIERS) .

&
th°F Python AT HE £ X —BSREAE RELL AR AL B OBRIE S SCPRIN UL B2 X, TR 0 A FE AT b
Sk Z H, MR LRGeS Python . h,

WeFE M BTE Python.h HiE X PY_SSIZE_T_CLEAN ., FFAIZIUY & F30nd A3k Sk T XA B8
ZNE

JRAAE Python. h g UM PR ILIAF S # G Py B0 PY BIZK, CAERRHE L SO e SCRTIRSE R
Gho FIBENMEFRPE, Wl T ILAE Python fEREER ) 2 M, "Python.h" iU & T —LUhRiE Sk SO
<stdio.h>, <string.h>, <errno.h> fll <stdlib.h>. W ETHHIL SCUAENRE RS D ATEAE,
ERaEEFEHE malloc(), free() M realloc().

NN C BREEN YRR, MM spam. system (string) WEMURIEE, GRAITMESEZRITHN):

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

const char *command;

int sts;

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

sts = system(command) ;

return PyLong_FromLong (sts) ;

}

AN HEEMESEIVERTTE CENOIT, A "1s -1") BIZMEEL C AW S L. C i EH
PINSH, EH A T2 self Ml args

XLRE PREL, self ZRHRTBBNS R XTI IR MR [ % G501

args ZHe 45 10—~ Python [ tuple Xf G454, HA &S, S wple WY MR S4. XL
SR AR Python X5 - BAEFRATHY C s ECH 1 EN TR 2SR H AL 45 C (. Python API H1i)
B PyArg_ParseTuple () BB HRBHREHIAON CH. BB TR E T 2N SHEE
BN R AR (R C AR BB, AR S Ui H

PyArg_ParseTuple () TEIA SECEA IEMMZETL HAH WG/ 44 W7 OCEEA% i RSk i) sttt LRy, 3R o] B
(EE). HAEE A TS EIHR MR (). FEJasefl 8, Babfe 5w, 1508 1 k80T DAFE R
1R8] NULL (552 611 B L)

21.2 XFHRHFE

#A~ Python fEREAR RGUA — N T ETARE BRG] Y — DR BT R, BV YA AT
FraR i — AR (GEHN -1 B NULL $85F) . S2HE BARFTE RS ARSI =R b J2Ris
A SEWEANWE NULL, fEHAMAR IR EN])E sys.exc_info () FriR[ulf) Python JCALM) AL H11K) C
XY AT R R ORI RS R . BT T PR A DO AT e AL i i AR R

Python APT H1 3¢ SC T — 4 p Ok 5 B SR f

BN B B2 PyErr_SetString (). HEBMERHXI LM C ¥ H. RHEMNR B 2R’
PyExc_ZeroDivisionError XARMTIE LG, CAfFH IR EIH A, iy —> Python
TFAFHRR AN FH R R

6 Chapter 2. FEFS=%TAMEY R
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F—H AR EEE PyErr_SetFromErrno () , U#EZ N REMNER, FEMALSHELREE
errno J1. fil IR EREOEAE PyErr_SetObject () , WEMNEEL, 49N FHX L FHIIR. /R
ANFELA ] Py_INCREF () AL s 2] HoAh sk 50 S E0F 4105 | VL

YRAT A PyErr_Occurred () FEAE IR IEOL PRI G E T 58 . DORFRR 24 Hl w04,
B AR AR & R R M) NULL, R AT EJHH PyErr_Occurred () RAF sRHH H H 25 &
HETERAR, MR AZBEMGR BHE A k.

B e VA AR g TSI 2S5 A 1, f B E R el M R{E GER N NULL 5 - 1),
B AR PyEre_* B X RRBE Lt g AL 7o f MR BE St 2R ] — A ok
fern e ey, [AME AR PyEre_*, MKIEZEHE — BRI S A0 R PR 2 28 o Se Al 21 e 10 e
By 7o — HXMEREL Python RS HIREN, B2 IR 4 ATHAATHY Python AURSH 2214k i ih
Python R B3 i 7 1) 57 i Ab PR <

(LSRR IR B SR BT U E PyEre_* SEORS: H MR, IF ELAER S
W R AT DGR R . (ER IR MEAU, X RN ERY, Jf AR ECH BRI B E R KSR
{1 2 AR B 7 0. )

REUEE 220085 phy— A~ 2R W) e R0 ) BT B B S, S AR AU W PyErr_Clear () BAMIgE
Br. CAIBM Y4 PyErr_Clear () MME—IFLLR AR ENERFH R G R T2 g et H Ok
AhFEE (ATRE RSl A i, SRR ) .

B LM malloc () P LAEE R — 54, malloc () (8 realloc () ) BT BR FH w2509E H
PyErr_NoMemory () Rk [PI4FRAER R FraXt R a1@ K5 (Flal PyLong_FromLong () ) EL&I%X 4
T, FrPARAN RO T B A malloc () BYE L.

WEHRENZ, BT PyArg_ParseTuple () SFEEWGISLN, & [FIFEHCR D I o8 FIGHE 5 2R 7] 1EAH
B FR T, PA -1 FR R, WlE Unix RECIHH—FE.

BoJE, MR BRI R g S B R R R GE AR E 201 X S 34T Py_XDECREF () 3§
Py_DECREF () JEH)!

BT LW 2 2 W TR & 4F. r & Python P ¥ S5 #0 A X fi /= B C XF 4, #il4n
PyExc_ZeroDivisionError, RA[PAEIZMH EAT. MR, VRN LI HEEEF 8 - NEH
PyExc_TypeError RF/R T ESTH (W REN %M PyExc_OSError W) . WERSEINEAF 1
#i, PyArg_ParseTuple () HMEGHETE &5|K PyExc_TypeError. WIRRAE—NMSEIELILERS
B T ] R e A A, WIE B PyExc_ValueError,

PRULAT AR AR AR S ME— B 0 . 75 SR SCPR R A B — N isx e &, e

[static PyObject *SpamError; }

FAERBR KT R EL (PyInit_spam () HFA7 7 H X GO Ha A T an ik

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;

21. £/ C & C++ ¥ & Python 7



Extending and Embedding Python, {74 3.12.4

=% 55 N2 8 Python Z 7K spam.error, PyErr_NewException () PREUR] AR RN
Exception {2 (BIFEA T B— 1M AZ NULL), 140 bltin-exceptions qjﬁjﬁ* Yo

TH{ER SpamError AZRGRE T — W H B S IRMG Lmﬁ%jﬂzﬁﬁl 15 AT RE S
PR A N, PR L5 A — X% RS U AR EAR 2 E 5, T FEL SpamError
NGk AR R RO R R, W51 &% ”%EI’JCﬁﬂﬂﬁ‘é%@ﬁ#%l}%ﬁ%ﬁﬁ\m?ﬁ%ﬁz
SN S o

AFEGIRE S HRF 18 PyMODINIT_FUNC 1 B AR W AU f I YA
TEY R E ] PyErr_SetString () 3|k spam.error 5%, WNFFIRN:

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

const char *command;

int sts;

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

sts = system(command) ;

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

}

return Pylong_FromLong (sts) ;

2.1.3 EFHF
I ) TR O 91, AR RAZ I 1 T

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

WERTE S 505 F pAS T B 5515, BURFIR ] NULL GZAH 2 3% [0 6 42 45 41 i sR 200 A R4 ), X kT
PyArg_ParseTuple () WEFH . FEHAM I N SEW PR ESHHE D F] R4S i command, X
T8 %ﬂ*ﬂtﬁﬁ#ﬂ%? %A T TG I EAFER (B FERRIE C ) 258 command I 24 4% IE i b 75

B>/ const char *command),

F—ANER ] UNIX RFREL system () , B SEUER A4 M PyArg_ParseTuple () BUH
)

[sts = system(command) ;

)

FATH) spam.system () B0 ATPA Python Xf 4 1Y B 30aR [0 sts Y {H. X 22 @ o 66 1 2R 4L

PyLong_FromLong()S%ﬁimh

[return PyLong_FromLong (sts) ;

TEXFEOLT , SR —REO R, (XA G &AE Python i HUAE B .

AR ﬁg/\fz_lilﬁﬂ%%ﬁ(ﬂ’] C % (RPaR ] void FIRREL) , WIXTRAY Python pR &L R Ml None.,
PR X Fh EYE (B 23t Py_ RETURN_NONE 2238 S2HIH) )

Py_INCREF (Py_None) ;
return Py_None;

|

Py_None ;24§¥k Python X4t None Fr¥f ) C 4K, Eid—HIEH] Python X4 M A& NULL f54t,
WINPT, JEEAERZH T SCPHERE AR

8 Chapter 2. FEFS=%TAMEY R
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2.1.4 ERFGERNIIGCERL

FORTIE 2 RGN A A Python R ] spam_system () . HE, HAFTEAE “Trikk” $51
H B B A BRI

static PyMethodDef SpamMethods[] = {

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

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

RS =S8 (METH_VARARGS ) , iX/Ma&fgE MM C W6, ik METH_VARARGS .
METH_VARARGS | METH_KEYWORDS . {H 0 £ PyArg_ParseTuple () WJFEIHAE &,

R B i ] METH_VARARGS , bR #{ & %5 £ Python f% 5% wple #% X1 2 8, LM
PyArg_ParseTuple () #EfTMEMT.

T2 R 24 8 5 B - S 50 4 % R B0 W] DATE BB = AN F B i B METH_KEYWORDS FE R fi. 7
WA LT, C BB M #2325 =4~ PyObject * B %, BR A — Dl XEFHRMFH. FH
PyArg_ParseTupleAndKeywords () JXFSEURNT N RS

AT IRR AL E LRSI -

static struct PyModuleDef spammodule = {
PyModuleDef_ HEAD_INIT,

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

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

XSGR AL IAERR AW UG AL R B AL B 25 ARE & . F IR AL B 6 %O PyInit_name (), Hif
name EREPI LR, FH LIV ZR IS A E LME—TF static &H:

PyMODINIT_FUNC
PyInit_spam(void)
{

return PyModule_Create (&spammodule) ;

}

TH VLR PyMODINIT_FUNC KfeR AN PyObject * aRk[a I, PRI T -5 B SR WAL Rp R 7o
B, FEE3T = C++ B R EGE N extern "C",

%4 Python F2JF I I F A spam BB, PyInit_spam () K@ . (5 XA Python FERES ILF L. )
BREH PyModule_Create (), ZMEESIR ARG, HEFERYE Ch#BI0mE (—
PyMethodDef ZEMAAIEAL) K N E REOT S4E A Z B B B . PyModule_Create () iR [H—
ANE W E B3 BT R B F8EE . BT RE S SRR E AR AR Ak, SRR IO R v G
fERFIR B NULL . W1 iR Ak s B TR X G2 3R 0] 45 R 2, PABERFEHEAE AR sys .modules Hi,

2k A Python i}, [R3E PyImport_Inittab #HHLKH, HMALEHZNWA PyInit_spam() K%L
BB BRI ik, WM PyImport_AppendInittab (), FIEERERG T AL

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);

(T

21. £/ C & C++ ¥ & Python 9
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/* 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) ;
t

/* 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");

PyMem_RawFree (program) ;
return O;

(B L)

ik

T sys.modules ML T A CGEFHEE] — P IERE I Z AR (SUEA] fork () MBI
exec () ) RFE— LY R FF AR § RS vl DAERT IR th R AR S A I 45 H 4

22 e TR ) B S ) ) A& FE Python YRS & 1 Modules/xxmodule.c W, IO AT AR A
VRS AR 52 2 > FE

ik

AEFATH) spam Bl F, xxmodule i T % B #4514 (Python3.5 JFHE5| A), PyInit_spam &
i& 1] —/> PyModuleDef Z5#5 {4, & 5@ @ BRI ALE] . 4077255 PEP 489 [ 2B Bl ta 1k .

2.1.5 ZmiFfnskis

TEVRBEME FARIBI S Y R Z BT, IRET5 ZMM 4 - (1 Python REERgmidfIsEH:. WRAREH
SN, KBTI A EIE RGNS 2 F L ESH R R ST (hE
C/C++ 4 & Z4Y), PAKHE Windows 4Rt 2 HIIME R (£ Windows LH5% C Ao C++ 4 FEAT) .

WERARA GBS ER, s BB AP 11 Python ARREGHK — B2y, waAb 08 i il B R

HECH ARG . SR RTE Unix EARGIE, HHZHEIRIISCMT (spammodule . c Bl HCTEME4H
RIS A AT Modules/ HR'T, #II—47%] Modules/Setup. local RAMBIRAYICIF:

[spam spammodule.o

)

IRJEHETIUZ H 5%z AT make SRE B EIERAS . (R PATE Modules/ 1 H % )i] make, {HZIRAAZI
JEHE# Makefile X, RJFiE T make Makefile’ it 4. (FRERIEN Setup AT ZXAERIE. )

10
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WERARB B TR TR G, LS AT A IR SR L, 285

[spam spammodule.o —-1X11

2.1.6 7£ C hifF Python F#§

LRIk, FAT—EHERIIAE T T AL Python /) C o %%, HACKASRAMAAI , st /1l C i J1] Python
PR ARV LR ICHA . MRS C O R, R A B S B A AL .

SEiafse, Python fEREARE AT (B REY , FH-2aHnifE Python pRALERME ThnifER: 1. X HUBA PR
#r Python “FAFH NI A RT3, WA XN PAZ% Python/pythonmain. c H) —c A 4TS
)

¥ 1] Python pR AR fi 85, ¥ 55 Python F2/7 2415 Python pRBIM R . WARHR ML b6 B (AR 1) AesK
o APTIZABBON, J 2R 5 IRAF Python BB R AYIREN, LRI (Py_INCREF ()) M|
M MR AR R MEAT 2K 5. 220607, AR BRECTRE R BLERE S — a3

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;

}

VEBRECA AN METH_VARARGS HURRVE NI EIMERERS  ICRAERDI 7 5 A Ao it 1L i — A7 P AT A
PyArg_ParseTuple () BREUMHS RN SO WLAR I & & 2ay St —F .

Py_XINCREF () ffl Py_XDECREF () 3XPANZ Al Bahn/ i/ b— s T4k, I H 24774 NULL #5841
ET%TﬁéﬁEﬁé (1ﬁlﬁ{£ifﬁ4\LTj€¢tempﬁTjﬂ NULL), BEZHHXMEEIESH 7| T3 FA.

Wm0 IR B0y, ARFFR C Bi% PyObject_CallObject () . ERECHMNZHL, I:ﬂ]%[ﬁ
JETH68E, 15A(LRE Python X4 I Python %, MHZHIIE. %éﬁlﬂ%‘z%iﬁlé%ﬂ/\jﬁéﬂﬂ%, 3L
KEMSHAN 0RO SHO00I ] Python pR&L, WIFZ A NULL s—2soodls 2i— 280
B, WEA—AHIC. Py_Buildvalue () RAEHMAFAHAE MRS A ESHZ AN
fy iy o] —A~Te . fn:

int arg;
PyObject *arglist;
PyObject *result;

arg = 123;

/* Time to call the callback */

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

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

21. £/ C & C++ ¥ & Python 11
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PyObject_CallObject () & [] Python X} 4 8 4F, X L /2 Python pR % Y 12 I fH.

PyObject_CallObject () s&— DX HSE” SN X7 Wk . B 7o p ol )@ i T

SRR, I HAE PpyObject_CallObject () ZJG LBl T Py_DECREF ()

PyObject_CallObject () WRIMEER B B: WAR—MHEIXER; WaREAMNER, (A

TSR FrABR AR S R AR A E A Ry B, ARG EXNXAMEME ] Py_DECREF (), HPfEAR

XTI AR (R ) R ER.

HRAERX A2 wT, AR BB — 5 A R B A A& NULL. QR 2935, Python AL
. WHFH pyobject_CallObject () W) C AU Z7E Python H &R AY, &M 2457 BRI [B]—A4 45

151 %5

DRI Python I, PAMEMEREARRETT EIAR I (5 6., 234 LEVR A1 75 Python fURS REALBE XS4 . 4N

RIXTCEMEN A GATE, WY@ pyEre_Clear () RIGERFH . BIAN:

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

T HAR B R R, ARIBEHR A2 HFHE] PyObject_CallObject () o fEHLUFILTZSEL
&t 1 Python RS fitrs), lad £ 1 FEAL 2 [mli R Bonk 5 o AR ] AR AR B R L e tl ik . o3 4h—
YOI AR E A S — BT T AR SR i B A2 Py_Buildvalue () BRI tple, 2%

BT, AREAL A FEARS I R] DA G

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) ;

J

VLR Py_DECREF (arglist) FIfEALLSLRIAN, FERHRMEZ AT, YR ETEE L MAYHT R,

W Py_Buildvalue () W] AR AR 255,

LRV R A TR, AR TSR Pyobject_Call () , HEFFETESHM KM TS

B A belh, FEAMEH py_Buildvalue () etk 7,

PyObject *dict;

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

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

2.1.7 R REHHSH

BR¥ PyArg_ParseTuple () HEHIMIR:

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

)

ZA arg WAR—ICAIN G, A Python #4145 C sEUNS IR format SRR — AT

Fi, LI5S % Python C/APT F-jif 1) arg-parsing. FIRSHCRA AL RAYHAE, RAELGHEX

RO o

=z S

T

YL PyArg_ParseTuple () 2 MIfliF5 21 Python 242, AJCIARRIN ek 4 fibiy C ARt , 4n

RIXHEHH T, nTRESTENTFHRINLE AR, /M.
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FERATAT ] 2 B2 k) Python XRG4 ka9 515 AZLEBENHIT HTE

— L BT

#define PY _SSIZE_T CLEAN /* Make

#include <Python.h>

"s#" use Py_ssize_t rather than int.

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

const char *s;
Py_ssize_t size;

ok = PyArg_ParseTuple (args, "");

/* Python call: f() */

/* No arguments

*/

ok = PyArg_ParseTuple (args, "s"

, &s); /* A string */

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

ok = PyArg_ParseTuple (args, "lls", &k, &1, &s);
/* Possible Python call: f(1, 2, 'three') */

/* Two longs and a string */

ok = PyArg_ParseTuple (args, " (i

/* A pair of ints and a string,

i)s#", &i, &j, &s
whose size 1is also returned

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

, &size);

*/

const char *file;

const char *mode = "r";

int bufsize = 0;

ok = PyArg_ParseTuple (args,

/* Possible Python calls:
f('spam')
f('spam', 'w')
f('spam', 'wb', 100000)

"s|si", &file, &mode,
/* A string, and optionally another string and an integer */

*/

&bufsize);

int left, top, right, bottom, h, v;

ok = PyArg_ParseTuple (args,

n "

((ii) (11)) (11) ",

&left, &top, &right, &bottom, &h, &v);

/* A rectangle and a point
/* Possible Python call:
£(((o, 0), (400, 300)),

*/

(10, 10)) */

Py_complex c;
ok = PyArg_ParseTuple (args,

/* a complex, also providing a function name for errors */

"D:myfunction",

/* Possible Python call: myfunction (1+23) */

&c) ;

2.1. &M C = C++ #'/& Python
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2.1.8 LY RAMHXBEFSH

PR%Y PyArg_ParseTupleAndKeywords () FEAEHAUNTF:

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

arg 5 format 25 PyArg_ParseTuple () BRI E X—5. kwdict T2 215 R =125 Python
IBATHHE ) R B . kwlist JE S 2 DA NULL 85 B AR 5%, BN RIES: 4FNARS
53k H formar 2585 BAHVCES . AR IATHEN, PyArg_ParseTupleAndKeywords () £k B HH,
TR MR 5 | A — A0 24 1 7

ik
IRE M CAAE ] R TSRO ICEARL, A kwlist FI RETSHME FE TypeError FH .

TR B2 T SR B TR, 32 Geoff Philbrick (philbrick @hks.com):

#define PY SSIZE_T CLEAN /* Make "s#" use Py _ssize t rather than int. */
#include <Python.h>

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

int voltage;

const char *state = "a stiff";

const char *action = "voom";

const char *type = "Norwegian Blue";

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

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

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

Py_RETURN_NONE;

static PyMethodDef keywdarg_methods[] = {
/* The cast of the function is necessary since PyCFunction values
* only take two PyObject* parameters, and keywdarg parrot () takes
* three.
74
{"parrot", (PyCFunction) (void (*) (void))keywdarg_parrot, METH_VARARGS | METH_
—KEYWORDS,
"Print a lovely skit to standard output."},
{NULL, NULL, 0, NULL} /* sentinel */
bi

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

14 Chapter 2. RERE=FTHEIRYT R
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(B L)

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

2.1.9 iEERIE

XANRES PyArg_ParseTuple () RAAMRL, AT :

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

)

EZ— M THH, 5 PyArg_ParseTuple () MlF], {HESHnAUE 5L R HBIETEET (i A48 bR
B, M) . FRZGR [l —A> Python X4 & Tk 0] C B4 i 45 Python GRS

—~5 PyArg_ParseTuple () WAREZ, J&l il fETH 5 A EoR IR [ —4~7c4] (Python ZE R E 2

TENFAE IR R oCd), e i T2 45 HiAth Python sRE(AS4I. Py_Buildvalue () HAREZEMITAH,

HZT 1M FERFER RS A RUTH, MRS X FEAFER S MR B None , —ANSHNEERNZS

ﬁ@xﬁ%o WRFRGR G A — N 0 e, SE & —PIoEd, FHEEERFArE TN b
o

Bl M2, A2 Python {HE5A):

Py_Buildvalue ("") None
Py_Buildvalue ("i", 123) 123
Py_Buildvalue ("iii", 123, 456, 789) (123, 456, 789)
Py_Buildvalue ("s", "hello") 'hello'
Py_Buildvalue ("y", "hello") b'hello'
Py_Buildvalue ("ss", "hello", "world") ('"hello', 'world')
Py_BuildvValue ("s#", "hello", 4) 'hell'
Py_BuildvValue ("y#", "hello", 4) b'hell'
Py_Buildvalue (" ()") ()
Py_Buildvalue (" (i)", 123) (123,)
Py_Buildvalue (" (ii)", 123, 456) (123, 456)
Py_Buildvalue (" (i,1i)", 123, 456) (123, 4506)
Py_Buildvalue("[i,1]", 123, 456) [123, 456]
Py_Buildvalue ("{s:i,s:i}",

"abc", 123, "def", 456) {'abc': 123, 'def': 456}
Py_BuildvValue (" ((ii) (id1)) (ii)",

1, 2, 3, 4, 5, 6) (1, 23, (3, 4)), (5, 6))

2.1.10 5|AHE

TE C/IC++ BT, BIY R TT sS4 B B HE heap 4 i INA7. 78 C B, Ead B%L malloc () Al
free () R5EM. TE C++ HUZHEAE new Fll delete SRSZHUMIE I TIRE .

B malloc () rBCHI AT SR LAY Yl e i OO free () IR [u] 2T A7l 3
M free () WISHLARFEE. QPR PMHHIEPEEUSIT A A EHAT free O JAM, BIr G HBINAFAE
PP 485 2 PRI R o SXRFRN A A iR I — 5T, WEARFRT R — A T free ()
IRJGENAREL A T Z AR, B S S —A malloc () WA AR B F 66 7oA g . AR
%gg&%ﬁﬁﬁﬁoE%%ﬁ%ﬁ%%%ﬁ%%%%ﬁ%*ﬁ%ﬁmgbﬁﬁ\%ﬁ%%\%%%
A4

AR RR AL A AR A — U RN WL AR AR L Fe i — SRR T INAFRARS, BT 885, AR5
RERCNATHE . BUAE— LR R B A O B X S I A S B A 1, AR5 i) AR R [l 7
XARA G AL EIR T RTRE N AE, R RIS . XA, —HEIA, EHE AR
MELMSINE] , B8 50E H wf AR, i BAC LR SO AR H BRI A, T DAY (e K iz
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Ezﬁﬁ?dﬁ)ﬂﬁﬁﬁ@?&ﬁﬁ KA. NI, LB N, AL SRk iR/ Mt
REHIR.

Python il malloc () il free () W& KR NFFDBCHRENL, [FIAEFZLEE G N AP MR A B el Ak
BT RE 51 Rt A, HRPR R B BRI G — s, TR RIS R T | T R
AR, M5 0 ), FRNREREAFTERESCT , MR DANER T .

H—AMESE 8 FHE IR, NGBS R SR R, TRX B @357 HPAX 7>
PIE) . A SRR B e 2 PR R EEER R free O o G — M0 RUR st 2 ol AFE T
SR HANE) . BUEXT C, Bof I AR B SRR g, 05|V Z00 m] AT RS AR S B (R
malloc () Ml free () EEURAT IR, XM CHRMEIHARAY). WIFAGH —R& MBI A A sh5L
Wi, (EAERCHTFRA LTS5 T R—& TAE.

Python AL GEH5 T RSB, WBARDE TORERIGINAS . A LA IN G HAEER . XN JomsfH O B
ol [ CORERS I, XS TR I — N L SRR AR (W REELE) KIS0 T4
5, FrOAEER PR R R 5 VTR A R 0. LR 5| TR BUCIA AL T 5 R AR ER RS 42
SCEPARIRIT S XTSI B TRER AN S T

BERAS D25 REAS A I SLIR WISIR PRI RE RIS E AT g BIHURAL T —Fz Tl #3973 (collect ()
RO, PAMZANBCE B RIS T EE AR I 45 1 e o

Python 3| At

HWi~% Py_INCREF (x) il Py_DECREF (x) , &AbP5| T8R4 IE . Py_DECREF () WAYES| T
AL O RO S . AT RIG, HASHBE free () , M2l £ x5 £ B84 K18
Mo ATXABR @A), XL E RS FE 0 B SRR 845

KW EUHKIH . f[isH{fi ] Py_INCREF (x) fl Py_DECREF (x) ? FRATH LI A L&, %A N
7 —ARG, PRAT DA RE —A 5 R B — A5, — AR HTECE SCHIAE S TSGR . 51
WA EH AL Py_DECREF () , ESIHATRER. SIHAMHA XR A H . H =Fhpgkit
BWARGIH: L. 7. ) Py_DECREF () . SicAE— ARG &S EB N

EATA A —AXRI5I . SIS RIZIE ] Py_DECREF () . & WA R BERFA X4
RSP A ] EHIA B AL BT GS (A 5 R WY, B 5E 4zt .

FE AR TS R AR AR e OB ki EAMRS N, 83, i AR O AR Y
PR o A R @ — SE R IR AU RS _E AR AT RESAE ST & AL B B X 4R

NPT AZE AT, @i/ ] Py_INCREF () . XAXEIC LML WIA & IRE. Xa@—4
BHPATIN, FRTRENIEETUE (HIIAE LA LA ET I, R BTRA ZAE) -

HEAN

B AXGRF L — BBy, R O %R E A R AR R BT .

KEZBBEGR I — X5 A, &SI HFAE XR @5, A &2, 4l
PyLong_FromLong () Ml Py_Buildvalue () , &&#A X RGHNE. ELNEAREIEN
0, ARATER T DASRIS AT S 85 I . — AN 3E0l)& PyLong_FromLong () 437 T — M ATEMNESF, 0]
PAIR [l 2L 24750 H 385 1

REZT—DRERBOT R R, W FIETIHX R, Bl PyObject_GetAttrString() . X
B SRS, — SR K IR 2 B /MY PyTuple_GetItem() , PyList_GetItem() ,
PyDict_GetItem() , PyDict_GetItemString () FEIREMICLAL. FE. FHBEHMWEIH.

PR PyImport_AddModule () B iREIEAIATIA], WRIA AT AESOR [ QIERIXT S XA I RER A —A>
ARG IR R RAFHIE sys .modules B,

MRAE GG R 7 — AR B, 8w R AU S 0. AR T B, il Py_INCREF ()
KAZ ML A . XA A EEZW BN PyTuple_SetItem() fl PyList_SetItem() .

2ARIE G — A SR A EN: IAH AT 5L
SRR DA 1 B, SRR S AT DA AR AR, I AT AR S BT«
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XL R RS2 A ORI R R, ISR (R PyDict_setItem () JHFIZRASHEZTIH X
F, AT ).

24—~ C &Pk Python P B, MM RIS S HETIH . HHEWAEX L9511, BreAEH
B A= i TR T DAGRIE B iR BGR B] . HZE 485 05 | T8 BAEAE s AL B ), i A3 A 5 1
iHIdEH Py_INCREF () »

Python &[] A C eREGR [R5 | L 204 5 | -4 & RPN s B e i 5 8 3

fERSEY K
ALRAFIT, ARSI ERRICE, (AR T2, Sl 52 RO RS BaCIR , HFvrae
FEGIRMAFEALEZTI .

B IVER MOMF IR Py_DECREF () Bl —JEXAS, AN RI3 RAH B — 1%
(P R

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

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

XA RBOT AT 1ist [0], AR 1ist (1] AH 0, BIGITEMEMMIGIN. BERLE
e, HAIAE.

TEFRATER B A IE A PyList_SetItem() . FIEIMAXMHAGLAWGIH, HIL4%H 1 g,
BWMEFFERSAH 1. BERNMBEREGSE 12 P E RS, I Rikizke X T
—A__del_ () F¥. WHRAZKLGIRGIHITECH 1, ILAEFERFFHHAHE __del () Fik,

H B2 Python 51, WL __del () LW PAPATAE R Python fUA% . ‘B2 7 AT DA bug ()
X item 5 HIREEIR? MR DA BEEA bug () WIFRRTPAGE __del () AN, BRiA ATR
FT—4ER)SE M del 1ist [0] BYRCR, BEXEXZMSMRIE—REIH, EaRs 2 H B
WAF, MIMAE item 50

R, SRHEE T REARYR, S T RIS | TR IR CAS I s AR N

void
no_bug (PyObject *1list)
{
PyObject *item = PyList_GetItem(list, O0);

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

KRS, — NRIHRAR Y Python B 22405 I AL TE X, A ATE C it il h e 2k
TRERE, AFFER2M __del () FEXRY -

XA ) R £ R DR AS RS | P M AR R AR FP . i E, Python fERERE B2 AN AR Jo it AN 7 1)
B4z, FMAAERBRTE Python B4 23R, {H ] PAE ] % Py_BEGIN_ALLOW_THREADS llfi
FPREGX A8, BT R EU ] Py_END_ALLOW_THREADS . iXill % FIS84EH € /O PR 4h, ffsHm Lk
FEN] DAESETE VO WA AL B . AR, AR BB IR 2 miAiR A —RERy 1R A

void
bug (PyObject *1list)
{
(Y

21. £/ C & C++ ¥ & Python 17
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(B LEm)
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 {84t

HH, RGNS E R EOR A B E AT NULL 48481, I HA IR 2 0 (5
TELMGFEUZ LAk ) o SR IR 5| ) R EGE H ARSI &R T R H 4R 1] NULL, A6 NULL
SR SR RAE T 1 28 R R R E AT IR X G A 25 FO A e B - AR A s RGBS UL, Fi&
SFEOCRA U M A T 8

ML RAE “YRL” FAGI NULL, BPZERRIRE)— AT RSk NULL pg484F, Bk H malloc () o
NI RET | K S I R R s Ak o

Py_INCREF () il Py_DECREF () &% R2#M NULL 54t —— (B2, BAIHASFh Py_XINCREF () Hl
Py_XDECREF () NG,

T RIRE 2 X R I 2 (Pytype_Check () Al NULL #8541 — [A R, A K& AU & L
HIX B LA ML— X R A AU R BUN R Z —, XA STTRI. AFEHAT NULL &
TFAEA

C s O AL 2 PRI 47 C BB SRR APl l args) 4R 204 NULL - SEFR B SRR
Bt

LATI GRS NULL 4541 “WtEE” 45 Python IR &2 1™ EYHE IR -

2111 £ C++ P REY &

R DAE C+ o G Jmit, H@ A Le i, 4R 3427 (Python fERERR) 42 (il ] C it R dnit Al
HEREN, ARSI R SRS B . AR Cr+ SIS R BER L oA XA 8. pR AR
224 Python fRREASA N GEHHURAHANIR LR ED W FEHN extern "C" o 12 7HHE extern "C"
{ ...y HA Python SKICPRNIA AR AR, PEAURE LTS __cplusplus ME 42X AR
HT B Crt i i 2 e SOX A F5)

2.1.12 59 RIERIZ{E C API

REY RAEGHRAL T8 s BN AL Python T}, (HA I FRALE FLAY AU AR ] DA H ALY AR B fil
o B0, — A9 R AT PASZ I — >R collection” A L2 WA T . k152 Python 51| F2270
%ﬂ%ﬁ{C APT AAVFY A HORQEIMZAED 515, IXASHTY RG] A — M C B T 45 Hofth 7 i bk
FAEM .

TR ARG R AT 2GR EFRFEVE static), SAMAZAILICE, AR CAPLISCRY. 5K
b EAEPA 3 R i S 2] Python MRRERRIN 2 i AIERE TARR) . SR A R gy, —
AR A BT SO 7 — MEHOAR AT L . AT LRGSO T B R S8, — 28 R GEH) Python ffRE SR (4 1)
R4 25 18] (B4 Windows), A LEMAESER N &5 25— L S ALFS L (12 AIX), 2K
HPRHE TR A RSN (U Unix 251). BUERAHS- 24 mml WA, R I ARt T 6 i A 2k .

] REAE LT BN REXAT S o] WA AT . X REWRE Y B L BT AR S X A static
B ARSI AR (L eR R, RIS S A AR fi 4 o R (FE B AR 7 ik A s A B B PR
XEMERT S 1% 4 0 1 AT 1 75 2R A AT

Python $#t 1 — Rl AL R A — 9 B i ) — NI i i id C 25 8 (1%1): Capsule,
—~ Capsule it — M 7fif 74 (void*) ) Python $#li2¢2. Capsule H fiEii i} C AP R BIE A

4 MR IR RS TR 295 i, XS IEAR T, R RIAAEE TR IR
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1), HEATA ABAL AT AL Python X5 —FEREMLEE . Frlih, B4 DABIRIE ST A 42 23 [R] iy
— AR HALY BB AT DA A KM, RIBOZ A FRX I AIME, AR5 Capsule HHgRIRU .
Capsule T A Z A5G C APL 4597 LB . R34~ T A H 21 Capsule, s(E A C APL 43¢

Eﬁ%ﬁﬁ%ﬁ*’l‘%ﬁ(éﬁi, KA HHEFE A 45 Capsule. fPAHHBREUREHR R A 207530, % o
Mo

TS WIEFEI AT 75, AR Capsule $8 & 41 A AR EE ., KL PyCapsule_New () 2 —4
name JE 2 (const char*); FRFIREA—A NULL fE R FR, (HIRAT5RZIEFRSS E 4 FR. IEMHAY
41 Capsule $24it T —E IB TN A2 4 s 0 AT AT 7 2 HE X SIS R 144 1 Capsule

WAL, Capsule T2 C APL, HA 7 I AZEL06 40 H ALY :

[modulename.attributename

fEFIpE %L PyCapsule_Import () RIPATEAYZR AGHE L Capsule ${itRYg C API, {U¥E Capsule {44 VLR
BFo X7 A C APL ] P4t 1 v BEAYf 5 MR 2 A IE ) C AP

MBI TR T R RER A UAE A 4 T R S R AR BT 3, X T R EOR R
EHY . BRI CAPLIES (TEXANOIF B —A!) S —A> void 845, BRI —1
Capsule F{EL. SGRIHNS R K SCPESR AL T — A2 R B ABLRMIZRICH: C APT$581; 20 i
3 ZAEY] ) C APT Z Fifif XA~ 22 BT

SRR — A 1 ey ) F ) spam AHLAGB L. BREL spam. system () FHAEEFM C K
B system (), MiEIHH— K5 Pyspam_System (), XERBHEINSLH 2 SR Al —LL T4 ) b
(HeanfE R4S P a i “sapm”). Z A% PySpam_System () oS4 HAbY @b,

PRE PySpam_System () z&—~4l C %L, BHADRE RN static:

static int
PySpam_System (const char *command)
{

return system(command) ;

}

PR spam_system () B4R R Bk

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) ;

}

FEBEHIT Sk, FE AT )G

[#include <Python.h>

A ST

#define SPAM_MODULE
#include "spammodule.h"

|

#define JPTHACKSAFF RO G T, MARE P, &4&, BHHIHI IR LR Bb 2
FEWIIAL C AP 3545144

PyInit_spam(void)

PyMODINIT_FUNC l

(BT
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(% L 50)

PyObject *m;
static void *PySpam_API[PySpam_API_pointers];
PyObject *c_api_object;

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

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

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

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

return m;

EHE R PySpam_API #FH N static; HNFEEEALSHE PyInit_spam () A4 K!
Sk spammodule . h B —H#ETAE, HERWT IR

#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.
*/
(BT )
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(750
static int
import_spam (void)

{

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

}

#endif

#ifdef ___cplusplus
I3
#endif

#endif /* !defined(Py_SPAMMODULE_H) */

& AR T REAS 17 10 R AL Py Spam_System () BT AZRUA ) =1 il 2 7 oA etk R B0 F e R (S B
B import_spam():

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;

}

RFITIER ERERAUE , UMF spammodule h il TR, MR, XIHEANE G AR KL, BEARGEH 2 AL
1, BreA RS EeE ] —ik.

5 5 BRI /2 Capsule 4L TESMWTIEE, M TfEGE7E Capsule L F5 4T 1 N AE 7 BCFIREIC. 48
72 % Python/C APl 2% F-JJ} Y Z 5 capsules £ Capsule 1323 (fE Python JE S & 471 Include/
pycapsule.h fil Objects/pycapsule.c),

&t
22 HENT REE: HiE

Python R ¥F4iE C § AR E SCRT PAM Python RS HH RGN B AL, XRIQNER) st Al 1ist 2AL,
Efiﬁ;f TR ER G — A, (HRAEBIT G2 o, R TM—Lgidy . X0 e x4~ 3
BN
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2.2.1 Ei

CPython BT &K BT A Python X REPUA Pyobiect MM, X2 Python YR “ELfti
27, PyObject FEMARA L A EXI G Wreference count FIFRIMRIT G “FAURIG" W4T X2 B 1EHT
AR E AR SRIUR G2 e M REAS R IR LE (O) e %, BN, FEX SR B R —AEd:, JM—Irk,
WH 57— RGMIE . X C R “RETTE

BrEA, BRARAHEEE SO R, T2 QR iR 42

AP HRRE A R AR, R — M/ MESERE R, EFE C P RE custom HE LT —4
£k Custom B

ik

X BRI 7 ¥ i X static 4 RRBIRIL G 7K. FIDATE & RIS Hik. C APL U a] PASE SCAEHE b
SR ERA, ] PyType_FromSpec () WAL, HATEARATTHITIE.

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

typedef struct {

PyObject_HEAD

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

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

bi

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

bi

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

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

Py_INCREF (&CustomType) ;

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

(BET D)
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(750
return m;

}

AR AR G B, N TR E R B XA SO T = A
L. —/> Custom MREEHIARIE: X2 CustomObject 514K, EX N Custom LHIHL—IK.

2. Custom RBIFT Il X JE CustomType Z5HIMEK, BE LT —H MR R B SU RS E R
A A SR N A TR A

3. WA #IEE4k custom i X2 PyInit_custom FRELZHIT WV I custommodule Z5H{A .,
ERRYSE — 2

typedef struct { ]

PyObject_HEAD
} CustomObject;

XA A HE SR SN . PyObject HEAD Sl il ZORMMAE SR MU REFA A Z i E
—/™4°4 ob_base ] PyObject KM FBL, Hot& AR RN T B0 H64 (XPE
FTPAZM AN Py _TYPE Ml Py_REFCNT RIXJp) o FEATZ MR i R A1 Jefth G th R FHAE Rl 1A o
R R B

ik
HRAER PyObject _HEAD JG¥AH 5. BANNINGD S & FEGIFRIER HH.

IR, KGR THE PyObject _HEAD fEfig#dash, A RINIE: Flan, W& X T HRER Python 77 /5

typedef struct {
PyObject_HEAD
double ob_fval;
} PyFloatObiject;

BB AL FAN R B E S

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

bi

ik

HEFF BT L C99 RURIAIIAL, DABFIHBTAT) PyTypeobiect FBE, i RE RIFFHER
R, RRELL T DARESS 5 Y 5 Bl UG

1E object . h F5LERE XK PyTypeObiect HA AN FE XHELM FB . BIAMTESH C4iiFesH
TR TS, WBHOMEERA RIS E e, BRI FEEE].

HAVEPE o, R AT B

[.ob_base = PyVarObject_ HEAD_INIT (NULL, O) }
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XA AR, AR LN B4R B Y ob_base F B

[.tp_name = "custom.Custom", }

AR PR o R BAEFRA TR X R BN SCARFIR L AL A BRI R, Biln:

>>> "" 4+ custom.Custom()
Traceback (most recent call last):
File "<stdin>", line 1, in <module>
TypeError: can only concatenate str (not "custom.Custom") to str

WHERAFRE S S AR, BRI AR (2RI R ARG L custom
MAEAE Custom, FMIRATIFRBMFRIE N custom. Custom, i ] EIEFHT S5 B9 A B AR NTT
RINZEALE pydoc Fll pickle B AEFHRA R E LN,

.tp_basicsize = sizeof (CustomObject),
.tp_itemsize = 0,

XFEAELE Python JIE 4 BIHIHTHY Custom LRI TR LML L DNTF. tp_itemsize (UHT ALK/
X GRMAE HAMAR DL AR A -

ik

2R AR A B AR A K B W] AE Python w1 2K 4k, IF HAR A B A B B9 B 2R ARG M R Y
tp_basicsize, HP2 AR FE i 5 2 B4R 8. (R EALAY Python H Y 1~ 38 44 5 7E 1
__bases__ HRHRARBIFI R G R, FWAERARRHIEAN __new__ () HIARMFS 4. 4RA
LA B OR AR R BB R K tp_basicsize {EREGRX . RSN R, X
HORFTLARY, N 2RH R AUR object , BANRRFNARMIBEEISUAS BRI, AT

N

AR 2NERR% N Py_TPFLAGS_DEFAULT,

[.tp_flags = Py _TPFLAGS_DEFAULT, ]

IR SRR S AE E AT AR A3 SR i . R ) 20 FE Python 3.3 2 i SUIY Al bl 4N
RARTFEE L BT, ARRF R ZOOAH R A AR 24T OR 125,

AR to_doc LKA ICRIFAFH.

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

LR G, FATDARAE— tp_new ALPRZ: . XM T Python J57ik __new__ (), {HAAJIR K
HogsE . AEXMFOLT, AT LAGEH] API B4 PyType_GenericNew () FriflbiyEIASLEL.

[.tp_new = PyType_GenericNew, J

BT PyInit_custom() FFAHELEACRELASL, SO rp At Y 2 D% ATAR 75 5 B A

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

RAFRIIGIE Custom 282, Sh— S8Rl BUEEE MY BOAE, WIHRATERI AR NULL ) ob_type.

Py_INCREF (&CustomType) ;

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

}

BRI B . XARRATHE RS Custom JSRAIH Custom SLHI:
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>>> import custom
>>> mycustom = custom.Custom /()

HURXHED R TARRRAIFE s K LB custom. ¢ (SCHFH,

[build-system]

requires = ["setuptools"]

build-backend = "setuptools.build_meta"
[project]

name = "custom"

version = "1"

%K pyproject.toml B3CFH, HFH

from setuptools import Extension, setup
setup (ext_modules=[Extension ("custom", ["custom.c"])])

14N setup.py WIS SRIRHIA

[$ python -m pip install

TE shell H WV Z X TEF H & F 24— custom. so &% E; IAE/ES) Python - AR5 Y4 G AT
import custom 2R fHif] Custom %4,

I, X7
BN, METH EE SRR IO . BB RS, AT . R R TR

2.2.2 EERRBIFRMEIEFS E

TR AT I TN — LR AN o X A ARG o AL FRA TR ] DA 2R . AR
BB custom2 SRESHIIXLET)fE -

#define PY_SSIZE_ T CLEAN
#include <Python.h>
#include <stddef.h> /* for offsetof() */

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) {

(T
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(% 750
Py_DECREF (self);
return NULL;
}
self->last = PyUnicode_FromString("");
if (self->last == NULL) {
Py_DECREF (self);
return NULL;
s
self->number = 0;
I3
return (PyObject *) self;
}
static int
Custom_init (CustomObject *self, PyObject *args, PyObject *kwds)
{
static char *kwlist[] = {"first", "last", "number", NULL};
PyObject *first = NULL, *last = NULL;
if (!PyArg_ParseTupleAndKeywords (args, kwds, "|[00i", kwlist,
&first, &last,
&self->number))
return -1;
if (first) |
Py_XSETREF (self->first, Py_NewRef (first));
}
if (last) {
Py_XSETREF (self->last, Py_NewRef (last));
}
return 0O;
I3
static PyMemberDef Custom_members|[] = {
{"first", Py_T_OBJECT_EX, offsetof (CustomObject, first), O,
"first name"},
{"last", Py_T_OBJECT_EX, offsetof (CustomObject, last), O,
"last name"},
{"number", Py_T_INT, offsetof (CustomObject, number), 0,
"custom number"},
{NULL} /* Sentinel */
bi
static PyObject *
Custom_name (CustomObject *self, PyObject *Py_UNUSED (ignored))
{
if (self->first == NULL) {
PyErr_SetString (PyExc_AttributeError, "first");
return NULL;
}
if (self->last == NULL) {
PyErr_SetString (PyExc_AttributeError, "last");
return NULL;
}
return PyUnicode_FromFormat ("$S %S", self->first, self->last);
s
static PyMethodDef Custom_methods[] = {
{"name", (PyCFunction) Custom_name, METH_NOARGS,
"Return the name, combining the first and last name"
} r
(Z5 R 50
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(B L)

{NULL} /* Sentinel */
bi

static PyTypeObject CustomType = {
.0b_base = 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 = {
.m_base =PyModuleDef_ HEAD_INIT,

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

bi

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

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

if (PyModule_AddObjectRef (m, "Custom", (PyObject *) &CustomType) < 0) {

Py_DECREF (m) ;
return NULL;

return m;

BB A 5 2 A B

IAE Custom KW C LR G =A B @, first. last Fl number . Jor first il last 28 &2 5 45
Fk QY Python “EAFH . number JEPEZ—1 C HEEL,

Xt BRI £ PR AP R b B

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

} CustomObject;

R BT AT B 5 S B, AT AT /N O AL PR R B M FC AR i, 0, FRATIFR A — RS

T

static void
Custom_dealloc (CustomObject *self)
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{

Py_XDECREF (self->first);

Py_XDECREF (self->last);

Py_TYPE (self)->tp_free ((PyObject *) self);
}
TAWIRIESZ tp_dealloc i Fi:
[.tp_dealloc = (destructor) Custom_dealloc, }

2 JeiE S WA Python JEE5 | T4, Py_XDECREF () ] DAIEHHALBESHCA NULL (&S (GX ]
AETE tp_new FR KM &4 ) . BJG &R0 A X588 tp_free bt (GBid Py_TYPE (self) i1
55]) KB RN . RN R BB AAZ CustonType, H XA EER— T 5LH61,

ik

AR SR ] 5 ¥ destructor JE2E AFATE X T Custom_dealloc #5%Z—4> CustomObject
* 24, {H tp_dealloc BREIRHWIMIHZ—> PyObject * S WIRAXFY, Sifasl i
. X2 C b= T xR 2 50!

A B — D RR— DA S TR, AR T —4 to_new SLBL:

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

CustomObject *self;

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

self->first = PyUnicode_FromString("");

if (self->first == NULL) {

Py_DECREF (self);
return NULL;
s
self->last = PyUnicode_FromString("");
if (self->last == NULL) {
Py_DECREF (self);
return NULL;
}
self->number = 0;
}
return (PyObject *) self;
I3

IAE tp_new A LR E:

[.tp_new = Custom_new,

]

tp_new LB ATTRIE (MARWIMRI) ZFEBMN . ETE Python PHLREEAN _ new__ () Jik.
EATEEE L tp_new il H, Kb EFZY RIEB AR HPHE PyType_GenericNew (), R Ll
Custom ERFYH— NP AR FEHFILT, FAVEN tp_new MPEIANF £irst Fl last &
MR A AE NULL A9 BRIA(E.

tp_new KFEZPELBILAYAR (AR CustomType, AURBELHIMLHE—ATI) PARAEZAR
BRI ARTAT SR, FH BRI BT @SBl to_new ALPRER EURHEZ BN K TS E, H
Egl‘]/%'\%é%ﬂi%ﬁ%é‘%ﬁl, M SR P 2500640 (B C Pty tp_init 5 Python ) __init_ p§
) ITERIAET
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ik
tp_new AN to_init, FAMRESRSBITRAE.

tp_new LB tp_alloc HAR I HCAAT:

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

T AT RS KK, RATLATEARST 2 MK cp_alloc ZRHHIAITA N NULL,

ik

HA1EA BATHGE tp_alloc . TfijEH PyType_Ready () i NFRATHYE AR ATIH
FE, HAEAN object. KARIN IR MM BRI B2 LM o

ik )

IR TR —MMER to_new (EXTHMELR tp_new . __new__ (), AR RaLEBlT
I Ao O YR AR P SR 1 1 R T B0 D7 v o AR BRSO E VR R T RO 262, IF BRI B
9 tp_new, BUZild type->tp_base->tp_new. URARAXEM, VRIGEBAFRFEAR §HE
Hi Python 7 SCHY2EHY Python 2RI BETLYRIEH TAE. (AR, (3R] RETCIA B ARRY T IE0) LBl
M2 &5| % TypeError, )

FATIESE LT — MR SR N TN 5 BRI IR (W) 46 1 B AL

static int

Custom_init (CustomObject *self, PyObject *args, PyObject *kwds)
{

static char *kwlist[] = {"first", "last", "number", NULL};
PyObject *first = NULL, *last = NULL, *tmp;

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

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

}

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

}

return 0;

}

WL tp_init 7.

[.tp_init = (initproc) Custom_init, }

tp_init MFAE Python FEFEN __init_ () Ji{k. ERUHRIEQUENRIEX TG, Wikt
BRI EM KR TSR, BNV SRR ] 0 MAE AR ] -1,
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AT tp_new ZbFELY, tp_init AMRUE—ESHHH B, FEBATEI T pickle BB STER M
B EWH __init_ (). BEPTRERZ A « AR NERA] AZEFRATAX R EJ A __init__ ()
Trik. B, FRATFE A SR LS S NG o BTG RESS £irst B RAA:

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

}

HEX TR A Ek. FMIWIBA RS first MR, e ] DURTATRZERRT 5. Bl DA
WA — NPTV first WAMABIYIGE; SCEZTes T aE SR e & AFAF 25 4 HREE
AT A ZAE Izt TR U5 I AE BT AT T X 52

N T RFFE T A A TR X AP ] fEE, AL B8 ZAE A A 5 | T8 A AT E R -
-2 HEFAT ] PAAS Db PR R ?

o MIRATIABHRIES HTTEORT 1A
o LIRAVAEXT SR WEAR R GIL WA G BT TS FATT A ZE TR AR Fr [ 5 1 o
o 2 —> tp_dealloc AbRHER AN STHFIRFRAIR M 2R AR 5 | VB e

AT BE AR RATH LA 7R 55 M@ . A LA =0T AR X — . Fe A ) = 8 SO B
7 e

static PyMemberDef Custom_members([] = {
{"first", Py_T_OBJECT_EX, offsetof (CustomObject, first), O,
"first name"},
{"last", Py_T_OBJECT_EX, offsetof (CustomObject, last), 0,
"last name"},
{"number", Py_T_INT, offsetof (CustomObject, number), 0,
"custom number"},
{NULL} /* Sentinel */

bi

FHRrE CE B tp_members {7 H:

[.tp_members = Custom_members,

RSB E SCERA IR A PR 28, (RS DiEAR I SCRY AP ER o TSR N IH )72 2 2 b5 72 /N
Tk T AR . section below for details.

W A B 2 — 2 B RCR PR AL BR I PTRIR(E 245 Python JE MR ARALR IniE . FRATTY first 71 last 1
AR TR, BB ABIR(E M A & Python XF4e. AL, X SEJE MR ol AR R, IF0F C F84 i
A NULL, BMEFRATRT DAGRIEIX 28 58 B B 4 A 3E NUTL (B, 200 555K 26 8 1 s W B3 i 46 ol S AT T e 1A
NULL,

FAME LT —DEMA 5L, Custom.name (), EFFXIRA PR A first 71 last FIPFE

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;

(BT )

"I ATV A SR TR LA, IR R S ARUR R DA B o
AR EATHE tp_dealloc ALEIRRH X —HLE], BIRHFATMEUR STREBLR k.
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(B L)

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

}

BITIRVA LB 52— M52 Custom (ul:class:/Custom [1]1-28) LBV — S E C &% J7ik
BRI AEBINERNL NS TR A BN T 2, ARG PR TR AL S
BAHEEZ A ESHOTH S 7 2R . %I7ESF M T LAT Python J5i4:

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

THEREA LA first Ml last W GUZMATAESY NULL, X2 R BT ANER, 7EH LT E
g]%*%)ii&}dy NIIJ;LO SEAF A A2 B 1M i 28 P - S P RO (B BR ) o P A o FRATTRFAE R —47 T i
I ) X — 4

PUAERATC 258 S T I7ik, AT E QI — Tk e A

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

bi

(HHERIRAEH T METH_NOARGS JHAR NI L I A NE &R self PAAMNAAEATZ4k)
X HIRZE tp_methods fEAV:

[.tp_methods = Custom_methods, }
o, FATRAEFRAT B AT AVEIRAE 2R 2. FRATRS DG S FRA T A AR E TR 2 B R

SERE B R 52, BT AFRATT 5 B 2 K Py_TPFLAGS_BASETYPE ¥N INE|FR AT JE R
FE S

[.tp_flags = Py_TPFLAGS_DEFAULT | Py_TPFLAGS_BASETYPE, J

AT PyInit_custom() EAF44 N PyInit_custom2 (), T PyModuleDef %54 b phisith 44
FR, HHH PyTypeObject G5 AR ERER A .

i, BATER setup. py UMEREITFAIBIL,

from setuptools import Extension, setup
setup (ext_modules=|[
Extension ("custom", ["custom.c"]),
Extension ("custom2", ["custom2.c"]),

1)

IRIGFATE 225 DA RENS import custom?2:

[$ python -m pip install . J
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2.2.3 REX T IR R M E EARE R

TEATTH, AR Custom /BB first Fl last JEMERIBRE B AT R AR . 2EFoN] F—HA
Wb, SCHIAESR first A1 Last Al ARZBOR AR AT AR (EEE iR . JRN17 B friX e m ik a2 &

TAFER

#define PY SSIZE_ T CLEAN
#include <Python.h>
#include <stddef.h> /* for offsetof() */

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

} CustomObject;

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

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

CustomObject *self;

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

self->first = PyUnicode_FromString("");

if (self->first == NULL) {

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

}
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;

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

if (first) {

Py_SETREF (self->first, Py_NewRef (first));
}
if (last) |

Py_SETREF (self->last, Py_NewRef (last));

@R

I

S

)
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(B L)
}

return 0;

static PyMemberDef Custom_members|[] = {

{"number", Py_T_INT, offsetof (CustomObject, number), 0,
"custom number"},

{NULL} /* Sentinel */

bi

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

{

return Py_NewRef (self->first);

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

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

{
return Py_NewRef (self->last);

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

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

{

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

static PyMethodDef Custom_methods[] = {

bi

{"name", (PyCFunction) Custom_name, METH_NOARGS,
"Return the name, combining the first and last name"

b
{NULL} /* Sentinel */

static PyTypeObject CustomType = {

.0b_base = PyVarObject_HEAD_INIT (NULL, O0)
.tp_name = "custom3.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,

.tp_getset = Custom_getsetters,

bi
static PyModuleDef custommodule = {
.m_base = 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;

if (PyModule_AddObjectRef (m, "Custom", (PyObject *) &CustomType)

Py_DECREF (m) ;
return NULL;

return m;

(B L)

< 0) |

BT ERH ) £irot Al Last JRTE, T 146 A i SO BRI AR R RL. DA R AL A TR
B £irst BIEREA

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

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

}

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

}

BB B B> Custom MR “PIE”, Ja# k2. FEARBIT, %R p2ng. (M
A SRR RE SRR A% 13 20 BRI AN B B Y s U . B, 3 mT DA ofe Fei/F— 2 AR B A AL B R
BRI P A0 A B e s S B SR )

BEA R EBIRZ LA Custom WR ., FHEMPM . BriEnl fE24 NULL, X AP o0 T e . 78
FMIpBCE A, SRR PRI BR 2 R HB A R T W &5 % — iR

A0 PyGet SetDef Z5HARHI%LLH:

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

IFTE tp_getset MM HHME:

[.tp_getset = Custom_getsetters, }

1E PyGetSetDef 5P G—Tig DR R AT P, EARIR, FRATEAER M, FitHAl
HA{& A NULL,

FA TR IR T ok 48 M i 1 5 e L

static PyMemberDef Custom_members|[] = {
{"number", Py_T_INT, offsetof (CustomObject, number), 0,
"custom number"},
{NULL} /* Sentinel */

bi

RAVETEH tp_init IR HON R AV TR

3 BRAEFR AN first A last BEGER FAFER, BUEEFSRA TR OB A EN TR F R THECR RN, LR, FA T3 5245
TRIGEB] BRGNS X FATHOT QAT I, BN A BEORIERE I — AT T I LB 2 BATHIXT G A
ATl
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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, "|UUi", kwlist,
&first, &last,
&self->number) )
return -1;

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

I3

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

}

return 0;

}

WXL, RATREBSHIAE first Fl last G —@E AR K NULL DAMEIRATHELE LT i 15 0L SR 1%
NULL {H## . X EMRFE KHRS Py_XDECREF () W AR ARFEHh Py_DECREF () JHH . FAIAHE
MO S F A ME— 37 &2 AE tp_dealloc SEELH, AR ELXLE AL BRI LA AT AT BETE tp_new RN,

AL E Ay 4, 1R AR A B& KO IR A0 B8 B R BT A B, R I AT 2 RTBT I — B, FRATE
setup.py XIFAIN T — SN E Lo

2.2.4 ZHHEMLIIR B

Python H.A5—N ] PAKR IR AS T2 L 6 42 1) 48 37 35 8 mDlk 22 (GO) BB T8 I TTEOE AR I E . 3 fh
T OLSTEN RPAGERT | I KA. pilhn, At

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

TEXABIFH, FRATEIE T MEEHE BWEE. MMM TEREHE, BRI EE ok E HA
S5 H. EM5IHITTEOERENE. SErlE, Python RTEIAELR Bl ek & & %SR- LT
BT RECE -

1E Custom /RBIMEE AT, A AVHMEELRB X SAEGES] first B last @Y. 1A, 1E
ERMESARAT, BATE AT custom, HBEFRUURNMMEEEE. HFXPNEET R
fEAa]—A>, Custom XMGENAT A ASERF -

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

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

FLAVF— A FITEFRT Custom SLORERAEIR GC IERA A, FLA1HY Custom HKAIFEIH T
PR MR G TSI — AR R it i X LA 6 -
TEL, MR AT R BI FAF R S0, PR R AR AMERE st TIN5 Rl 83 | A
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#define PY SSIZE_ T CLEAN
#include <Python.h>
#include <stddef.h> /* for offsetof() */

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

} CustomObject;

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

Py_VISIT (self->first);

Py_VISIT (self->last);

return 0;

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

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

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

CustomObject *self;

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

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

Py_DECREF (self);
return NULL;

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

}
return (PyObject *) self;

static int
Custom_init (CustomObject *self, PyObject *args, PyObject *kwds)
{
static char *kwlist[] = {"first", "last", "number", NULL};
PyObject *first = NULL, *last = NULL;
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if (!PyArg_ParseTupleAndKeywords (args, kwds, "|UUi", kwlist,
&first, &last,
&self->number) )
return -1;
if (first) |
Py_SETREF (self->first, Py_NewRef (first));
}
if (last) |
Py_SETREF (self->last, Py_NewRef (last));
}
return 0;
}
static PyMemberDef Custom_members([] = {
{"number", Py_T_INT, offsetof (CustomObject, number), O,
"custom number"},
{NULL} /* Sentinel */
bi
static PyObject *
Custom_getfirst (CustomObject *self, woid *closure)
{
return Py_NewRef (self->first);
}
static int
Custom_setfirst (CustomObject *self, PyObject *value, void *closure)
{
if (value == NULL) {
PyErr_SetString (PyExc_TypeError, "Cannot delete the first attribute");
return -1;
}
if (!PyUnicode_Check (value)) {
PyErr_SetString (PyExc_TypeError,
"The first attribute value must be a string");
return -1;
}
Py_XSETREF (self->first, Py_NewRef (value));
return O;
}
static PyObject *
Custom_getlast (CustomObject *self, wvoid *closure)
{
return Py_NewRef (self->last);
}
static int
Custom_setlast (CustomObject *self, PyObject *value, wvoid *closure)
{
if (value == NULL) {
PyErr_SetString (PyExc_TypeError, "Cannot delete the last attribute");
return -1;
}
if (!PyUnicode_Check (value)) {
PyErr_SetString (PyExc_TypeError,
"The last attribute value must be a string");
return -1;
}
Py_XSETREF (self->last, Py_NewRef (value));
(Z5 R 50
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return 0O;

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

bi

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

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

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

bi

static PyTypeObject CustomType = {
.0b_base = PyVarObject_ HEAD_INIT (NULL, O0)
.tp_name = "customé4.Custom",
.tp_doc = PyDoc_STR("Custom objects"),
.tp_basicsize = sizeof (CustomObject),
.tp_itemsize = 0,
.tp_flags = Py_TPFLAGS_DEFAULT | Py_TPFLAGS_BASETYPE | Py_TPFLAGS_HAVE_GC,
.tp_new = Custom_new,
.tp_init = (initproc) Custom_init,
.tp_dealloc = (destructor) Custom_dealloc,
.tp_traverse = (traverseproc) Custom_traverse,
.tp_clear = (inquiry) Custom_clear,
.tp_members = Custom_members,
.tp_methods = Custom_methods,
.tp_getset = Custom_getsetters,

bi

static PyModuleDef custommodule = {
.m_base = PyModuleDef_ HEAD_INIT,
.m_name = "custom4d",
.m_doc = "Example module that creates an extension type.",
.m_size = -1,

bi

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

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

if (PyModule_AddObjectRef (m, "Custom", (PyObject *) &CustomType) < 0) {
Py_DECREF (m) ;
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(750
return NULL;
}

return m;

}

W, P AEER GC HLERENS SN IEER T TX 4

static int
Custom_traverse (CustomObject *self, visitproc visit, woid *arq)
{
int vret;
if (self->first) {
vret = visit(self->first, arg);
if (vret != 0)
return vret;
I3
if (self->last) {
vret = visit (self->last, arg);
if (vret != 0)
return vret;
}
return 0;

}

TR UMASGER T A5, BATRF I visit O RS, BERXPEBLII . visit ()
@%&%gg?%‘ NG 258 T IR SR arg {EAHSH . BRIl —AHEHON AR T AE I TR
(e Py BE A

Python #2fit 7" —A>7T B g ] visit ALY Py_VISIT () &. ] Py _vISIT (), AW PAS/IME
Custom_traverse PR TIEE:

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

Py_VISIT (self->first);

Py _VISIT (self->last);

return 0O;

&1k
tp_traverse SCHUNIRF S EHER Gy 44 A visit F1 arg DAMEEH Py_VISIT().

B, AT R TE HRE BR AT n] AS G IR X 52

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

}

J

W Py_CLEAR () FEIM . B2l AT 2 2B A BUR B 1 b Ko | 8 37 B2 4y
Ko WRAREEPEAER B NULL 2 [B)7E @t BV Py_XDECREF (), NWEMmtiass nlgE<
PR BGZ B RS (% 30 2 WSAETES | FEFRIITE) -
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#:
YR PAIE A PA N B ¥R AR Py_CLEAR () :

PyObject *tmp;

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

TeE W], A I % @ 1k I 4G 2 i | Nevertheless, it is much easier and less error-prone to always use
Py_CLEAR () #@HH B HEAS M HAZZH AR A i i ML !

BEEE Custom_dealloc AIRESTEIE RIEMERHR AT E RIS, XEWENGER GC AT PATE R EL P TRk it
%o BT GC S HITEAAE, Fi1FE@ESREHA PyObject_GC_UnTrack () ik GC 5 1EiB §
FHRBIN S . R &AM A PyObject _GC_UnTrack () Fll Custom_clear B HSEEL RS

static void
Custom_dealloc (CustomObject *self)
{

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

}

Ja, AR Py_TPFLAGS_HAVE_GC AR INE| SRR -

[.tp_flags = Py_TPFLAGS_DEFAULT | Py_TPFLAGS_BASETYPE | Py_TPFLAGS_HAVE_GC, }

RFEZEAZ T . RS T HE LW tp_alloc B tp_free 4bPids, WA EH A IEFRLR
BICRIERE . KRZE AR B shie R4

225 FRILHMAR

OUEIRA F B KA B R ALE AT RERY . A 5y ORI B 2R ZMAIR DR el A5 (b fik
BT ER) PyTypeObject . TEA Y ALY (A3 X & PyTypeObject Gith RN AXER .

TEABI P FATRF R — MR NE 1ist AR subList M, PRI 2 RA T MR, B
FHA —HOMY increment () Jrik T i £ e :

>>> 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;

} SubListObiject;

static PyObject *
SubList_increment (SubListObject *self, PyObject *unused)

(ZF 50
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self->state++;
return Pylong_FromlLong (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 0;

static PyTypeObject SubListType = {
PyVarObject_HEAD_INIT (NULL, O0)
.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) < 0)
Py_DECREF (&SubListType) ;
Py_DECREF (m) ;
return NULL;

return m;

(B L)

IR L, A S Z B LAY custom nBIAER AN FATRFE—HrE N2 1] 32 2 X5 .
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typedef struct {
PyListObject list;
int state;

} SubListObject;

URAEZRBUNT G 1 F BE 22 S AE T RBTN R MRS — M. FRBUR O A SR I35
5T PyObject_HEAD () »

% — /> Python X} 4 J& SubList WJSEHIR}, B # PyObject * F§4l nl DA 4R 4 4 b o il % ¥ hy
PyListObject * Fll SubListObject *:

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

}

FoATAT ATE L TH B B ANl R P AL B B L 2R dindit_ () Yk

XA TERE B A H & X tp_new fll tp_dealloc AR EIHIREE, tp_new MbFEERAN HEAG
tp_alloc X SEPR A BCNATE, TiseibiE2mid M B On tp_new RALHE .,

PyTypeObject X #fH tp_base 8 ER B LM IR, B TBE VG 5IF4 W8, KICTEME X
PyList_Type 5| R B FTIZ T B BN 4B IS ERR S w) GG 4k sR 8 b 58 Al

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;

}

EVH I PyType_Ready () ZHi, REGEMKLTCLRIET tp_base flifii. SIRATNIA AR 1,
EATER tp_alloc fl{IH N PyType_GenericNew () -- 2 H AR 4 BL sRECRF 2 4hK o

TEARZ )5, VA PyType_Ready () FAFRENS GBI P fE 5 BA ) Custom Rl —HE)
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&iE
2.3

ARE

X2

ENLT REE: EF%REA

R S AR AT ASE B 2R B398 S I R TR Y 4

C KA PyTypeObject L, AW T AT WM 7 E:

typedef struct _typeobject {

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

/* Methods to implement standard operations */

destructor tp_dealloc;

Py_ssize_t tp_vectorcall_offset;

getattrfunc tp_getattr;

setattrfunc tp_setattr;

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

reprfunc tp_repr;

/* Method suites for standard classes */

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

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

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

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

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

const char *tp_doc; /* Documentation string */

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

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

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

/* weak reference enabler */
Py_ssize_t tp_weaklistoffset;

/* Iterators */
getiterfunc tp_iter;

44
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iternextfunc tp_iternext;

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

struct PyMemberDef *tp_members;

struct PyGetSetDef *tp_getset;

// Strong reference on a heap type, borrowed reference on a static type
struct _typeobject *tp_base;

PyObject *tp_dict;

descrgetfunc tp_descr_get;

descrsetfunc tp_descr_set;

Py_ssize_t tp_dictoffset;

initproc tp_init;

allocfunc tp_alloc;

newfunc tp_new;

freefunc tp_free; /* 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;
vectorcallfunc tp_vectorcall;

/* bitset of which type-watchers care about this type */
unsigned char tp_watched;
} PyTypeObiject;

XA RS IR BRAERIL, RAREE L8, Gl RSB R Tk

IEARIE RN —FE, FRATE 22— P N 24 R AL BEAR T ﬂﬂﬁﬁi\ﬁﬁ‘i@%ﬁi}%ﬂﬁﬁ&ﬂﬁﬁﬁ?,
B AFRATIAS S ARAI A I S5 4 A B SRR DFf . 8 R 2 5 4R B — M B AR TR 2 7 Bay 1 1

VR GNP EINA S eI

[const char *tp_name; /* For printing */

)

RN 47 - L~a&z§ﬂ W, SHBERZHTT, JLPEREE N TSR . Sl — M4,

XTI WA B

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

IR B RIS TR QT KA HIMRINT A B2 D INAE. Python Sy AR K BEALEH . (4

ThEE, JU) AUENESCR, X2 tp_itemsize FBUFIERE . X IR RYEIHRE .

S

[const char *tp_doc;

BCEARA DARCE — B A e (BCEEROMBEE) , 24 4RAEAE Python IR I} obj.__doc_ IR AKX BL 3L

ERR LR
PAEFANIRE— T EALRTTE - RSB AL TE

23. EUYRER: BoREH
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2.3.1 KLEFMAERER

[destructor tp_dealloc; }

MR RSB S B0 A 2 H. Python ffREER A ZE M BT, KR AR 2. QR 288
AT PR A T LM 3, ARV AR B IR B . X R AR S TR B X BB . AR 2 BL R A 7R
B

static void

newdatatype_dealloc (newdatatypeobject *obj)
{

free (obj->obj_UnderlyingDatatypePtr) ;
Py_TYPE (obj) —>tp_free ((PyObject *)obj);
}

ANRARR B SRR AU, WA RA 25 B 24 76355 B AT A A T B Z BT ] PyObject _GC_UnTrack ():

N
static void

newdatatype_dealloc (newdatatypeobject *obj)
{

PyObject_GC_UnTrack (obj) ;

Py_CLEAR (obj—>other_obj);

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

}

J

— AN E BRI R AL IR 2 IR T RO R CE A S . X R E B PR S W R &
WH, MFERBE (MAEERRED, AAEMINERIPRREE S — DR8I E . R
AR AT AT R AR 25 5 B A ) Python FUHE A4S S R S IR . 31X W] B 3 BURRERR 1% 31
BiiR. BRI R, TN ERIERT, RS, RETEHEREIRE . &7 Al
PyErr_Fetch () Ml PyErr_Restore () HRECEILI:

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);

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

ik 1
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PRAETERE L 28 R B 2 ATH BE R A R W. w58, R AR 38 B S 5 b7 3wl e (fF A
tp_traverse M/ tp_clear), XZRIFR AT ATEW A tp_dealloc WIRfiE A el & 4. H
K, f£ tp_dealloc W', MREXFERIGAETARERS: BREIHHTHRETE. (FMXFEBREN 28
API [iE A LT AR BT e A0l BE PR IR A tp_dealloc, SEONEREBOT &4 R .

M Python 3.4 JH4fy, HEFFAEAE tp_dealloc R IRHALCR, MMM tp_finalize 3
LSy

S0
PEP 442 f#RE T B A LT R

23.2 HRBR

1£ Python H, G WA 20 AT PAAS IR 0 SCAR R repr () BREURT str () BREL. (print () BRESH
PR str (). ) IXSEAL PR N2 W] 0 .

reprfunc tp_repr;
reprfunc tp_str;

tp_repr AAPRRRFVIZIR I — N ERFEREX S, P ETHH R ERER. T — o)
T

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

WERBAHEE tp_repr AHE, MPREERRHRZOE— MM AR to_name BIFIRTE A LU R B ME—H5

P

tp_str APIEN T str () M EIAR) tp_repr BRI T repr () —#F; i@l E 2 1EY Python
PRPETEARBI S RIGHASBI LTI st (O WPORA . ERSEILS tp_repr BREARFMIMLL, EHEHRT
PR ARERI . ARARAE tr_str, MM to_repr ZAPEERRAH .

N AR R BT

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

2.3.3 BHER

KA T LR R B E RO GE AR A R B i R AR S s . R AN RES
KR BRI R (AR TR E ) B84 55— R sok B d e (R ek EErE) . BRE
P —FRERR GO, RSSO BAL A AL BRER A F () NULL,

Python SZHFPIN AL BEES ; — A SCRPB IR B R B TG 2 S U — R R . B Y 22 5T —
Xt char* fERJEIEMFR, M5 —X W52 PyObject * . RERNSEAUHR AT DALEER B AR T SCBLAY (A1
P A T SRt
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getattrfunc tp_getattr; /* char * version */
setattrfunc tp_setattr;

/% 500 %Y

getattrofunc tp_getattro; /* PyObject * version */

setattrofunc tp_setattro;

AN T 1) — SR S B S P B2 AT B ORRAE T SCHEATARRE) | WU — 2z Ji] s T i) e f it
PyObject* MAHIEIEALFLREL. M Python 2.2 JFUGNS TR L Jm A B IEAL PLES 1) L PRl 2L P E 58 4
R, RAIRATAEREVEZ WM AR B 0 R ) T ez AL 617

ZBERNER

REZY IR Wispmtt, 84, RAFAlb/EmAes: “fs” Ue? s e T LA
L. 4 Ji] PyType_Ready () B, WHIEEIER & 7K.
2. AR ERRR AL BRID R R R R P R e, AR BARIA (R

TR, MBI B PR ELAA SRS 18] SO 56 Kt B A it X AT AT KR 40

24 PyType_Ready () #EIH I, B2l b2 B0 5 0| 1) = A 365000 2 008 3 28800 R 10
iy descriptor . BRI AR FR 1 WX SE BT G — A @ PER U IR, BN RE R TR IR =R A
FRM NULL, DHZZRA A SR U B AT R R4k R )@, I BB 244k tp_getattro
tp_setattro FEMRFF A NULL, PASRIAF i JEAE AL P IX 2L @ Pk

FHAE R object:: ARG = ANFB

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

WA tp_methods Ak NULL, WIELAFIFE—4H PyMethodDe £ Z5MRL KA EL . RPN
H #B A 1% S5 F A — S5

typedef struct PyMethodDef {

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

const char *ml_
} PyMethodDef;

doc; /* docstring */

I 24 R % B PR R B O EER R E L— DA H 5 MEERBARFOR I L T e Uk H .« IBFRETER
Em—A8oMNaAH s B MRS R IR A H o %R H (1) ml_name FBUAZA NULL,
S AR R E SCE WSS R LB T i . ARG C RNy s2 850, I Hysi oy =]
DA R B s o R E i e SOA:

typedef struct PyMemberDef ({
const char *name;

int type;
int offset;
int flags;

const char *doc;
} PyMemberDef;

KT RPN KH, B E—A descriptor 5N E 282 v il HREE M SL 1 454 (R R BUE. type
FEOVALS — RN Py_T_INT B Py_T_DOUBLE; IZ{ERFFH T4 2 Wil Python {E#%404 C
H 2 . £lags FEHTORA7E Tl JE vk BAAT gl i i) (A - AR ] DA HI% R Py_READONLY PABS 1k
Python Y% % & ¥ .

1] tp_members FARME M T TR S EA — AR U0 SR AT AT AR5 20 SO Ja PR
] DATR] FR b A A 2 P P SCAR R B B BRI SO A e . — NI AR P T ARE I B 4 APT A
SHEAREHARR, A __doc__ JRHERIKBUS T4 .
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5 tp_methods F£—FE, FEH—AEH N NULL iy m1_name W§IE44H.

KBERMEIEER

AT R, X B HER char* A name IESEALE char* fl PyObject* K& 12 [B] A ME
— G XA RBISE R AT S R R IR E R, (EE f FAE Python 2.2 FREEINAY 72 F 52
o CRRE T AR R B AN A, RIS SRR R A EE, Rt S B A AR
B .

tp_getattr MH S AN RFE AT EBEEL NG ERHAHNTES 1K
__getattr__ () JIIREGIAM I EARIA

i

static PyObject *
newdatatype_getattr (newdatatypeobject *obj, char *name)

{

if (strcmp(name, "data") == 0)
{

return Pylong_FromLong (obj->data) ;
}

PyErr_Format (PyExc_AttributeError,
"'$.100s' object has no attribute '%.400s'",
Py_TYPE (obj)->tp_name, name);
return NULL;
}

J

PR RLBIN __setattr_ () B _delattr_ () HIERSIH tp_setattr AbPERY. 27TFEM
Br— N EMR, E=ESRN NULL. NHDE M B G | & E01 1 WX SS@ /R ZER,
tp_setattr ACFRERN Y4k ik~ NULL,

static int

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

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

2.3.4 MRLE

[richcmpfunc tp_richcompare; }

tp_richcompare APRESRAEFTLEIAT IR ISBIAM . BRMUT BRI, Hln_1t__ 0, H£&
# PyObject_RichCompare () fil PyObject_RichCompareBool () -

PR IR FH BRE A% A Python X flis BAFVE A S 4L, iz HA7h Py_EQ,Py_NE,Py_LE,Py_GE,
Py_LT B Py_GT Z—. ‘BN 4 5 5E Ha ATk L AW SR LR BV E i B iR [9] Py_True B
Py_False, N HEERAVERDE SEIUI B 2l AT 42 LL & ¥ MR 0] Py_Not Implemented, B
ISR E T S R [H] NULL,

R ARG, AR AN IR R A IV SR A 2 A AR

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

PyObject *result;
int ¢, sizel, size2;

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

(T
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sizel =

size2 =

switch (op) {

case : ¢ = sizel
case c = sizel
case : ¢ = sizel
case c = sizel
case c = sizel
case c = sizel
}

result = ¢ ? Py_True :

Py_INCREF (result) ;
return result;

newdatatype omitted */

< size2;
<= size2;
== size2;
= size2;
>  size2;
>= size2;

Py_False;

objl->obj_UnderlyingDatatypePtr->size;
obj2->0bj_UnderlyingDatatypePtr->size;

break;
break;
break;
break;
break;
break;

(B L)

2.3.5 R ITH

Python SZRFZ A b 2 P05 BARMR A X L84 1T 19 € 118 T SIS 1L abstract &R

XL G AR Z AR 2 AE Python SEIUIF A I FINBOE Lo Fesiih, Bor . BUATRIT S SON—IFdast
C 42 Python R AR 7y o HABMMSUNNE S RGN o X T HOERELE R [ S ZU S B i b B g B A Hp
K, BEIHEIHRSOE O G2 5 | T AL BRES A AT e o X T BB A PO A E 2R R ik
ABOMNARERE, FFAAT— DTSR G R A B A (L B2 th AR R A A . (BUBAR AL AR 2 $5 9
FERAMEARE NULL f9R§OL, T ABCEZ AR SR AR I — R B A, (EIAR G T BE AR AR SRS )

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

WERAR A BBARBINS R AT R — AT PP X &, IR 2R 2o B CE — A2 T C 258
PyNumberMethods, PySequenceMethods B PyMappingMethods, I&ifH A& FHNE . VRE 7T E
MWEIE A SEEE AR . ART] DAE Python YRS A 7RI IY) Objects HIgH R EXLEXT 44 H I R

Bl

[hashfunc tp_hash;

WERARVERESLBE LR, T8 2 S AR A S 2R ) S o] — IS A (B, T — AT ER A s

{

}

static Py_hash_t
newdatatype_hash (newdatatypeobject *obj)

return result;

Py_hash_t result;

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

J

Py_hash_t &

P
—5E

JER T A S A5 88 M tp_hash k[ -1 FOREE TG, X
e R A 2RI 2 R AR A FS PR B, 0BT TR AR

[ternaryfunc tp_call;

)

PERRELSAE “T” VREOEERBLSE IR A, 25BRE, WER ob ) 1 R EdEZ AL 5511 Python
JAIAALE T objl ("hello'), MPBFARIAM tp_call 4bFELE.

PR B2 =28
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1. self ZAERVE A H AR EEEEZBISLR] . W iHH 2 obil (*hello'), WM self y objl,
2. args RUTTAMSHIICH. RATAA] PyArg_ParseTuple () RIS,

3. kwds BB AN X BFSEA N T, R E AN NULL HAR S H X7 250, W) a] fiE )
PyArg_ParseTupleAndKeywords () R3EHSE. WA SCHE RS0 E M 3E NULL
i, M£5|% TypeError I —MERA LR AFESEIHE

MR — MR PR tp_call SCH:

static PyObject *
newdatatype_call (newdatatypeobject *obj, PyObject *args, PyObject *kwds)
{

PyObject *result;

const char *argl;

const char *arg2;

const char *arg3;

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

3

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

return result;

}

/* Iterators */
getiterfunc tp_iter;
iternextfunc tp_iternext;

028 R ELFR AL T XA SR . XIS Rz — NS, RIEAT)E F B T 8 i 52
B, HRE—DFWEIH . YRAERRE, BN EE DN REIFRRE NULL. tp_iter XM T Python
__iter_ () H¥, MM tp_iternext XN T Python __next__ () F¥.

{LAwiterable I GRAPILILIL tp_iter APEER, KALPRAS AR [u]— A iterator X5, T ii/25 Python 3¢
JIt B2 A ) — - I

o XITFRAPASCIR 2 M AR 2 A (WS RFIT) , R MR IR to_iter IAQIEIF
iR [l —ASEr IR AR o

o HBERA NI GEF R T IREAER I Em, BISCrExtge) wl AR [ml— >4 1k
F BRI HRSEH tp_iter - FF HOWBLB N M5B tp_iternext AEFHER.

{FAiterator X5 24 [RIBTECHE tp_iter fl tp_iternext., —PiEfCEEM tp_iter ALBEESIY 249 [n]
—AMEAZIEAEETT I . B tp_iternext ACFHEER 243K [ — A5 B ACHRE R R — XI5
SLH, WREE T MHREE. WREREREARE, W tp_iternext A PLR[E] NULL A E F
W, BCE AT DAFEIR M) NULL (&l SN E StopIteration; ST AT DA A TR ERE . AN
KA T SPRR R, W tp_iternext WY R E— A FH &M NULL,

2.3.6 55| AXH

One of the goals of Python 533] FHIS<HLAY F #5:2 —  AVFIE K05 5 585 R BLAITT R 27 TR MR X
2 (BHECT) L7 Eey.

S,
weakref BIHRLIYSCRY,
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SRS | ERT 4, PREERFHR S tp_flags “FBH) Py_TPFLAGS_MANAGED_WEAKREF H 4%
o IHAMY tp_weaklistoffset FRIMAMRFFHE.

FL Ryl , PATR AU S R S8 R A RE T

static PyTypeObject TrivialType = {
PyVarObject_ HEAD_INIT (NULL, O)
/* ... other members omitted for brevity ... */
.tp_flags = Py_TPFLAGS_MANAGED_WEAKREF | ...,

bi

ME—F) RN T2 tp_dealloc T ZEFRATMES5 | H GBI Pyobject_ClearWeakRefs ()):

static void

Trivial _dealloc(TrivialObject *self)

{
/* Clear weakrefs first before calling any destructors */
PyObject_ClearWeakRefs ((PyObject *) self);
/* ... remainder of destruction code omitted for brevity ... */
Py_TYPE (self) —>tp_free ((PyObject *) self);

2.3.7 EZEWN

N 2 U AR AT B R B S TR 2 T3k, W AR CPython YA . EA Objects Ak, A5
£ C PSCHF PR E co_ I EARBEER R 2L (B0, tp_richcompare). VRRFHREIRALZESL B o8 K1)
BT

MARTTEIUE— DX GR T W ARSE IR BAR LB, 356 PyObject_TypeCheck () L. E
— AR Bl

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

S
TF# CPython JE{CHSARAS .

https://www.python.org/downloads/source/

GitHub |31 CPython J5{Ci%#) CPython I5iH .
https://github.com/python/cpython

24 BB CIC++ ¥ R

—~ CPython ] C §" &2 — AL (FlU— Linux [/ .so , mi# Windows [ff) .pyd), H&E&GH
#/\ FR R IR

AT AN, WEFENAE PYTHONPATH Higl Y, HaAi4g BB A PR 44, A By R4 . 4
fifi ] setuptools B, 2 H a4 BIER Y SCHE4 .

VIR A R B P ANR -
PyObject *PyInit_modulename (void)
LB EOR I SE AT R, B—> PyModuleDef 5. A initializing-modules 1 fif 1

52 Chapter 2. RMEAE=KT AR &R


https://www.python.org/downloads/source/
https://github.com/python/cpython

Extending and Embedding Python, & {ThR% 3.12.4

ST A ASCI 4 g il 42, BRELNE PyInit_<modulename> , $f <modulename> i Akl
45 24§ A} multi-phase-initialization i}, FRVF{HiFHIE ASCII 4mfs B4 . LR b Ak R 50 44 702
PyInitU_<modulename> , | <modulename> 5% Python [{{] punycode 95t , EFSFHEW N LI
2. 1F Python Hi:

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

A PME—A SIS R 2R, Gl E L APIR R A T AT 35 AT o i s 7 A
E‘%, ﬂﬂﬁ}%‘é‘ﬁf UEM R T SCF A IR BCA SR BFR 7 —AF Za) 348357 597, /EPEP 489
(BIEZIRTR

2.4.1 {EH setuptools #3§ C 1 C++ ¥ &

Python 3.12 S T B AU MAS A T4 2 distutils. #52:2% https://setuptools.readthedocs.io/en/latest/setuptools.html
i setuptools SRR ZHL TR AN {4 1] setuptools Fe 4 A1 4> K& C/C++ P i

2.5 7£ Windows t#J% C 1 C++ ¥R

% B R A4 T W] {8 ] Microsoft Visual C++ 1] # Python ) Windows § fE#He, SR 5 F4R it o6 H
TARHUER AR R 5 B . XS AR R B 3E H T Windows F2J7 2% 2] #4 78 Python § DA J Unix #2
J¥ DA ) Qar A BEAE Unix ﬂ] Windows _|- 35§ B ) 2 R0

AR A distutils 5 SXORAG Y AR, NS AT Il iR e . RIS FHEM A C 4%
ol A7 Python; 3l # &y Microsoft Visual C++,

ik

X N T 2 IR gt Python iRASS 1 SCIEA o iR B804 DA R R XY IIRA SRR3R 78
S, "X RERARETE B Python AR EIRAS M 'Y REMIRIRCAS S . Bilan, GnsRAREr (A
42 Python 2.2.1, XY ¥k 22,

2.5.1 iEz\i5EA

57E Unix b—#, 7 Windows b et A A 7 ]l setuptools tRiEHIMES#E,
T3 RAE . setuptools HEGEH T REZEY g i setuptools MFEAIFT MY RASTH R SCR L 1%
JA setuptools #13% C Fo C++ I o AR K IURERNFE T SIHAE, IBABFFE—T winsound Frif FEATH
T E ST e SR A H ). standard library module.
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2.5.2 Unix #1 Windows Z IV £ %

Unix H1 Windows % T AU Rz AT I N E A T 58 A FRTE FEARZE i 2l gh s it 2
BT R R G T TARRY

£ Unix H, —PIEEEXG (Lso) SCPEP AR AR P R B A ACHS , B e S 7ERR P o] Bk B 1) R 50
PRAEE . 4 SCPFR A 2IRR P i, X SCPRAURD ok 28 R BRI B 1) 405 | R S oA R 1 AR
Hh R BRI AE N A7 BT OB R SE B B XA BRI BER AR

£ Windows ", —DEIESEEREAE (A1) U A BAERIS I o T ilad — AR R0 ok i
AT . PHAEIZ AT I DLL AU A AT b A g el Mo, AU E 40 T DLL ik, 7+
HALIZATIN A AR R DB B AT 1717 & 1 B BRI 504

£ Unix H, RFFFE—FRZESCHE (o), BRER A Z XGRS (o) RIS, FEBIHILZX R (- so)
WsERE T B, e ] RS IV A RERAR AT AE I B Y o HEE AR PR R X G 3L
ERE; WRIE T, R S R B GO B RS .

1E Windows ™Y, fEXEPNFPESEAL, BESEMSAR I RAHZ - 1ib). #SEELT Unix (1) . a S0
EEESTELERN TR EEN AN SAREREAR FAH TR e R e i AT & &En, I BASAE
DLL it th BT RE 7 e X RRRERERS T 6 F ok B S AR R (5 B 2 A 4 3R DA i AR 4% DLL
AR IRAT . 24— I ARP s DLL B8k ient, g4 mll— NS AR, BR R 29T T W R
DLL H S i A O T X 2645511 DLL.

RBARIEFER A SIS AL B A1 C, BN 24200 — MU A, 78 Unix b, /R REKFA.a
R E N B.so Ml C.sos TR FECEMASEMI, XFE B Al C ¥4 JIHA BATH CHEIA. 7E
Windows [, ZRi¥A.d11 ¥FEINRIFEA. Lib. /R E 4K A. Lib HABEHESHAT BRI C. A.1ib A4
TR B RS R TR T Ui A A REE .

1t Windows b, (/I3 APEA R RN inport spam; BiLARATPATT spam FFEZFR, (HHF A
A ERMEIA . A Unix b, #EEE—NEEBE from spam import *; EXAE—MRMAIA.

2.5.3 DLL BYscBrisEF
Windows Python j27E Microsoft Visual C++ HF7H ;i F KA i T fE AT REA & TAE. AT
REBITZE KT MSVC++ 1.,

47E Windows 1@ DLL i, {RUAURF pythonXy. 1ib fe45dEfeds. 241 M1 DLL, spam fl ni (&
1) spam FRERENRY C sE0, RN A AT fird-:

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

BRI T =434 spam.obj, spam.dll fil spam.lib, Spam.dll A& {Efi] Python pR%X
(Bl PyArg_ParseTuple (), {HEMH#M pythonxY. Lib A RAKIE A4 I i A9 Python (LA .

BAMAAIE T ni.dll (A .obj Fl . 1ib), BEHITALM spam DA K Python RJHATSCAFH 4R 3 B
e

ANREAPRRFFI S H B AR R SRR EAE T AR (f035 Python) #RRER BRIIARINATF
RNE | _declspec (dllexport) , FUUNYE void _declspec (dllexport) initspam(void)
B PyObject _declspec(dllexport) *NiGetSpamData (void) H1—%Ff,

Developer Studio SUSHIRZARIFANEIETTEH FALE, a2 URH T PAT SCPER/ ) 100K, BRI E
AT, A 0 S B Y B R AR e BN . RFIEFIRY msvertxx. 1ib PNEI S E
H

54 Chapter 2. RERE=ZFTHEET R



CHAPTER 3

A E KRN FE RN CPython iZ1THY

A, e S EAE Python RS R4 LN N RE s THY €, 1l & A 6 CPython iz 4 TR A 2| 3
KREGRAREF e AT AR T I 5 AR B B el — L4075

3.1 EHENAERFEA Python

B JLEAE T A% Python BEATHRE, a2 anfer i) C s %42 5% Python HYZIAE. Suid okt il DARY:
Ff Python iR AFI C/C++ [V AR Fp H £ BB 3X AP AT DALE B AR 7 ] Python SR SEHL R LL I fiE
AR C o C++ o IBSAMRE: A feiF i /7 Python 45— LA, DA E il b AR 12 75
Ko WERFLETIREN] Python S il K NEY), ATT KN A HCMEEX 4T

Python HIR AT 9 €, ERSEAMIE. AR ZAAET, §7% Python Inf I I A% 7 #Y 2 4% I /5 9% 2
Python f#RE4%, Wi A Python I 277 1] fiE55 Python 5¢ 420 1M k& W AR P (Y 2 Le 35 7 /R &
¥ Ji] Python f#REAS K15 T— L8 Python f{HS

Pk, #%H4mA Python, FEZHRAL A C M TR . I TR 7P BN S-S Z — 2 1 4A 1L Python MR .
BN R Py_Initialize () o A 2En] IR W] i) Python (i fr 4TS 4. Z GBI AN
PP AT 77 A AR 17

PR AR 7 s 1 JLRP: T 1] PyRun_SimpleString () f& A—/55 Python i AIH 47 H:,

H][i] PyRun_SimpleFile () f& A— stdio SCPFFEEHAI— S04 (UFERS IR B A EEIRBIEM) o
T DAY R 725 3 B4R Z R AR M 3 (1) Python XF4R .

S0

c-api-index

AICEM SR T Python B C 1. X HUA RELEIFEE.
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3.1.1 BEXE#RA

SR Python W AJERE RLR FIAEA R 2 A0HE 11 o 682 110 E A2 FUT— B2 Python B, T TG-S
PR B R I, DT OF AT DURI RS SCPEEAT AR

#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 0O;

}

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

3.1.2 SEHEBRRERANBIBRS]: Bk
T G T RE A, IR e Fr AT AL ] Python AU, fHL 3 /DA SRt T 5 @A 2 BRATTIY o A o A s
A BARGANA TR - JLF-n] ASEEBAT A2 fE, AU RISEEZ M C AU,

Pz, REREAR, {137)E Python Flix A Python BiLREAH YL HI) LEEHIHERI K 2R K
RAR N T U — 5L, AWikF—TF M Python 2| C i e ISR T4 :

1. f Python MRl C A%3K,

2. ¥R EdEIAT C R R AR

3. FFR TR [ B A C 248 Python 53K,
iR A Python I}, 32 I AR S 3K AEAC:

L. ff C Hllaf%i o Python 53X,

2. AR R AT T Python 5 1 R B

3. KFUAR JiTAR [m] i %tk A Python 5645k C #5K.

] LR B PR TR WU, DA BT B AR 1) o ME— A XA R A e e
IR A R AR ] AESRATY RIS, PR —A~ C &%, AT AR T 9524~ Python pRAL.

RIS THEUTREE A Python Fedie®l C %, L2 IRK. T3 ANEBUE B BERS IE B (1 5 | 9T A PGS
BRe MR LT SRR AR R BCA XA, TEEH A A ARG A 1 fE
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3.1.3 REHErA

SRR H AR 2 ST Python A IR . WUR 2% HIREE, Python M#REARIF AL E IS
B REFP AT ACH, (B R — 1R i — %) -

BLisAT Python A b U R AL, LS ANTE :

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

int

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

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

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

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

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

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

if (pFunc && PyCallable_Check (pFunc)) {
pArgs = PyTuple_New(argc - 3);
for (i = 0; 1 < argc - 3; ++i) |
pValue PyLong_FromLong (atoi (argv[i + 31));
if (!pvalue) {
Py_DECREF (pArgs) ;
Py_DECREF (pModule) ;
fprintf (stderr, "Cannot convert argument\n");
return 1;

I3
/* pValue reference stolen here: */
PyTuple_SetItem(pArgs, i, pValue);
I3
pValue = PyObject_CallObject (pFunc, pArgs);
Py_DECREF (pArgs) ;
if (pValue != NULL) {
printf ("Result of call: %1d\n", PyLong_AsLong (pValue)) ;
Py_DECREF (pValue) ;
I3
else {
Py_DECREF (pFunc) ;
Py_DECREF (pModule) ;
PyErr_Print ();
fprintf (stderr,"Call failed\n");
return 1;

}
else {
if (PyErr_Occurred())

G0
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(B LEm)
PyErr_Print () ;
fprintf (stderr, "Cannot find function \"%s\"\n", argv[2]);
}
Py_XDECREF (pFunc) ;
Py_DECREF (pModule) ;
}
else {
PyErr_Print ();
fprintf (stderr, "Failed to load \"%$s\"\n", argv[1l]);
return 1;
I3
if (Py_FinalizeEx () < 0) {
return 120;
I3
return 0;

}

J

RS SEAH argv (1] Bk Python A%, FHAM argv (2] FEMMRE. MARIRMSHIE argv £
PP AR AR 5T 50 SRy (AR A I PT PATREFFRAE call) | 3 B AT—> Python
A, i

def multiply(a,b):

print ("Will compute", a, "times", b)
c =20
for i in range (0, a):
c=c+tb
return c
J
IRIGEE R IZE

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

SR HINREINT T, SAEF AR P, (BT AU 2 T Python Al C Z AWK e e, DA KR
HdiiR. A Python AT B> MILTT U5 -

Py_Initialize();

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

WItA RS 2 )5, W PyImport_Import () M#EMA. WEEINSEE & Python F&5H, —4
Fl PyUnicode_FromString () ik sl B0 & 1 7455

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

if (pFunc && PyCallable_Check (pFunc)) {

t
Py_XDECREF (pFunc) ;

A —Hm#Ese s, s PyObject_GetAttrString () ERJBMHEAFR. WRAFRAFFE, H HgH
BTG, BTt o s SRR ARSI, IR E R SEE R T . SR R A
772 JH H Python pR%K:

[pValue = PyObject_CallObject (pFunc, pArgs); }

MR BOR M, pvalue B2 NULL, B2 EXREPORIMERIG T . w66 78 EREIZE 1 .
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3.1.4 kA Python ThEE#ITH R

BIH A ML, AR Python ERERR A A RETS M) B R A YD RE. Python APL a4 Jr ik AMHRE #R52
WX WALEUE, YRR RO sEBOTHIR AR RS UEATY . SRR 252 %, fHIb
BOR2MERE . H BRI iL 2 W AR ¥ B3 1 Python s . AL AR A2 e TRF, ARG
—LURRACRLE Python T5 X L8 7R, iR Sl 1Y Python I RAR 4. B4

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 PylLong_FromLong (numargs) ;

}

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

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

bi

static PyObject*
PyInit_emb (void)
{
return PyModule_Create (&EmbModule) ;

}

fEmain () BRECZAFHEHA LA, FHAERM Py_Initialize () ZEHHALATHAE:

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

XTI R4 T numargs 48 &, Il Az Python fiFREES W DAV ] emb . numargs () A%, it
X ey, Python JHIAS T DASAAT DA #24E

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

TEFLSRRY AR, XA IARHE I B APL 225545 Python i .
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3.1.5 7£ C++ thigr A\ Python

S AT DAY Python A ] Cov B RUIMIBL, SCOUIrsATIUIT Cov RSB —Ai N
Crt BG AR, I Crv iPEBR ARG . A Cr+ TH%Hi% Python A .

3.1.6 7E3 Unix RGpomiFFnskis
T 5 Python fEREGHR AN N RR? , KRB IEFSFSHUL S oA (MEEED HHES 3, Ry
Python I FERHE DA C B Y  (.so 3CiF) mfEseilig.

7@?1%“@? SR I AGERE 3B, ATIGT pythonX. Y-config M7, & RFE%E Python R FHY
(WL FTHEAFTE python3-config M), WA ILASE, Rl FILSHA FHEA

e pythonX.Y-config —-cflags ¥4 HENHRIFSE.

$ /opt/bin/python3.11-config —-cflags
-I/opt/include/python3.11 -I/opt/include/python3.11 -Wsign-compare -DNDEBUG -

—g —fwrapv -03 -Wall

e pythonX.Y-config —--1dflags —-embed $-45 HAF P I 20 1 AR

$ /opt/bin/python3.11-config —--1ldflags —-embed ]

-L/opt/lib/python3.11/config-3.11-x86_64-1inux—gnu —-L/opt/lib -lpython3.11 -
—lpthread -1dl -lutil -1m

il

T G Z S Python LA AT ZIRAL (FERIRTE RS LR MAM A C oAz ) , 2 H
pythonX.Y-config ffE 4N B84E, a0 EGITA.

WER_ER T BANEER CRBESHIEXTITE Unix 2P GERERG WAL H bug )45 ), SRR SE X T
BHASEER SCRY, FHA Python ) Makefile (Jf] sysconfig.get_makefile_filename () $%
JRAERLE) MAIFESE. X sysconfig B @2 AH M TR, v 4y U R A A —ii
Bl (E. Han:

>>> import sysconfig

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

>>> sysconfig.get_config_var ('LINKFORSHARED')
'-Xlinker -export-dynamic'
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RIEXFERE

>>>

Python % HAEA R ERIASE/R AT o 35 T ATE REAEARREAS Fh S BT AU s B R B 5

HAAT AL

2to3

o M AFAIER SIS, ARAE—XIILIR 22 e (6. s . RIESEH=515)
W, SRR E R M 2 J5 . 2 Python BERIASR /R4

* Ellipsis NEFE.
X — 22 Python 2.x ARG %E46 4 Python 3.x AAHS ) T H , @it A I A A% Rk g AT A+ > Ak
PRAER AN e )
2t03 IFRUEIFE N 1ib2to3; ML A SN Tools/scripts/2to3, £ 2to3-reference.

abstract base class -- il R

G ELLFHR ABC, @Xduck-typing BIANFE, BHEHE T —Foe S N HT =0, M N HABR TS
N hasattr () ST FRMECE MR (FIAEH BA ). ABCHIATELTI, X
FIt ek 5 HABZE, (HAWIRER isinstance () Al issubclass () FFIAR; 0L abe FibC
#4. Python HHF 7L MER ABC I TSLBIEIESEH (F£ collections.abe i) . #F (¥
numbers B . Ji (7E io i), S AL AIMESS (F£ importlib.abe Bidr). K
ATPAME A abe BiHORAIE 5 C.iY ABC.

annotation -- Fr{¥:

KERBEIHEAN T RENE. REUES SR IBME IR, B2 e Ve R 5 20 2/ SR
JartB AL e bR AR A T AN A ), He R R R B AR £ 2 IO . SRR K
B __annotations_ k@i,

2 Wvariable annotation, function annotation, PEP 484 1 PEP 526, XTI EN L. BiES I
annotations-howto 1 JFFREER i HE B

W

argument -- S

TEVE R ERAB 45 function  (8{method ) W{E. S50 RWifh:

o RHEF A TERRBOR I P T A AR AT (B0 name=) SUFEM N ASTERTTENA ~* 195
PCHLERR A 2R UE, 3 71 5 EPAFXF complex () WM @ T X BT SHC

complex (real=3, imag=5)
complex (**{'real': 3, 'imag': 5})
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s B E A AET RETFSHESE MESEOTH BT SRR Ik VAL 85 A 1l i
WA * Witerable RRITCERGAE A 2501KRUL, 3 F1 5 LA R P BT B S

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

SR AR RO RS R, A RIS L calls — 47, RARIEYE, (L35
BT PR IR — SR BT I 2R R R B

3% Wparameter REFRFH , HILHE S SEGESH K 5IA K PEP 362,

asynchronous context manager -- 5535 | N g3
AT X __aenter_ () fl__aexit__ () HYEFRT async with )P IREE HEET
il PEP 492 5] A,

asynchronous generator -- 535 1 i% 2%
1R [BIE Aasynchronous generator iterator IR . B-5MH async def F X MERBARAMLL, &
W2 ET B yield kX P4 —RINNTE async for JHIRH I IME.
WARTEE 247D A e AL, (BRI RE 2 4E 75 A m B R E. WRFEERE
FEAR ARG X, 0 R ARG .

AR AT RE L await RikRE#H asyne for L async with i,

asynchronous generator iterator -- 535 1l i 75 G 3%
asynchronous generator FRELFT AR 4,

WX 4 J& Tasynchronous iterator, 4§ __anext__ () FETHAR & B —AS 0] Z 54X 4 sk a7
S A AR R R AR BB R yield Fib.

FAS yield LIGHFEHEAEE, ICAELEMERIPRES (B3R BRI vy 154) . 4% 5+
B A EEREE T __anext_ () FrREIAHAMT ERF RARREZ B, BN ETFALELREEL
$4F. 2. PEP 492 71 PEP 525,

asynchronous iterable -- 525 0] %X %
— A PAFE async for AL, SAMEEER _aiter_ () KR ME—
A~asynchronous iterator. H PEP 492 5| A .

asynchronous iterator -- 52551054
— NPT __aiter_ () Ml __anext_ () HYERINE. _ anext_ () MR [l —Aawaitable
X4, async for 2ALPIR P ERERN __anext () AR EIR TSR R A B HG | K —14>
StopAsyncIteration F% ., B PEP 492 5| A,

attribute -- J&1:
FIRH|— MR, W AT R ARG T . 2 ORUE, ARXTSR o BAEM: a W]
PAH) 0.a K5I HE .
WERM G IVE, FFARYUE LN identifiers [ AEAR R FRTAE—DX R0 JE AL 2 AT AR, 140 A
setattr () . EAEIYBIERFICIAMEN RS FaRART I, M2 getattr () IR

awaitable -- n[Z5REX 4
—AE await RIEAXPHAIXSG . WTPARcoroutine B2 BA __await_ () HEMXNR. &
i, PEP 492,

BDFL
CRBCZEMBRE WP SC4EE, Bl Guido van Rossum, Python [ 6158 .

binary file -- —JEHISCAk:
file object REAETEE F 1 AT %o RSO BT AE A ZBERIEIK (" b, twbt B Trb+ ) $TIF
)4, sys.stdin.buffer., sys.stdout.buffer AN io.BytesIO fll gzip.GzipFile
ISEB

HiES Wiext file T RREMSTES str RGISCIERTS.

borrowed reference -- f A 5|

7 Python f) C APT H, {5 MGG —FXI RG], (EAHZXI R HAFFAZT . It
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FHHBINE AR EEde st BN, Bahlicds il ARSI R 0 & J5— A strong reference
R E .

HeFEFEborrowed reference bR Py_INCREF () PARF G ML Rsirong reference, FrAER241Z¥4
TEEAEAE AT N i G — A Z BB . Py_NewRef () eRECA] DA R AN EE— AN Hir i strong

reference.

bytes-like object -- “FYi %%} 4
7+ bufferobjects H- H.REF:H C-contiguous LZh X% . IXUFE A bytes. bytearray flarray.
array X%, PARIFZIEE menoryview X4, FATANI RO E L Fp —aFHIEdR S ER A X
SRR IR GG . DR R SO DA S T T R IR AR

SRR BN AS I O . XN R AE SO AR AT TSR . A ARG npokt
ZIBI 45 bytearray A bytearray [ memoryview. HAEAEER —#EHIBE T A
AIARRT G R R—RTE) s XA B0 138 bytes DA bytes X4 memoryview,

bytecode -- ‘7= 515
Python YRS 29 4w 71705, Bl CPython fif R4S i 37K Python F2J7 I ALY . Fariif e
FAFAE cpyc SO, BORESE R T IR — SO R R (W] DA AR TR T e N T )
KA PRIE S B TR R T AT LA S B virtual machine Z 1. RN Python FEL
ML ERF A —EEH , WA —E REFEA [H] Python JfiA b 3%,

FATDHEAF)FE T DATE dis B SR B .

callable -- W] {& FI %} 4
AL G2 T AT E X 4, T RERTHY — S8 (B Wargumenr), i DAF

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

function, BRI JEF|method &5, WIET MM R . LI T _call () JEMFRMELGIHET
AR IR -

callback -- ]}

—MERS BRI PATE AR B9 A 209808 FH ) 1B RE R 4
class

RGN P SO SR ABR . 28 8 SCE R S X% R SL B T ER O e o
class variable -- 2375 i

TR E AR, I HLAURAEZERZ S BB B A Z2AE2ER L0 R IE 0 -

complex number -- £ %}
PSR G RE, Hoh Ir BEER R h—A S R —A R . B EUR R (-1
WP AR) BOSEREER, BHEAEREFPE R 1, £ 1RSSR 5. Python W& T X E LF, R
F TAREARIO 2 A — 5 58, Bl 3+15. ANSREEE math FUHL YT 4 15 N 4 B
A, M cmath, BEEEHH DR ERIIEEE R E . RAREBSE A 2, AR EANTH
JUTARSH AR )

context manager -- |- F SC55 PSS
TE with iBAHESE Y __enter_ () Al __exit_ () HHESEEHIFEIRSHIN S . 51 PEP
343,

context variable -- |- F {255
—FpAR L T S ) B R SR AR AN TR A8 o X D THE LR R R A7 i P B A AT e RE ]
PAHAANEPAS R A, M RSBk, —MUTEETRSa 24N LT3, mETF
SR BRI K AT S A R TIEEE . 2L contextvars,

contiguous -- Y4%
— AN AAE C & 45 Forrran #% SO S TSN . Yo E C Al Fortran #E4E1) . 75—
HeEH T, Prf 2 H DAHE AF PO AR SR HOHESY . SR B IRIE IS R 5 Iy . fE24E C-iE
LR, A H AR HES B e — R T U5 A 5% H B e . B2 7E Fortran S5
M2 s — AR5 methe

coroutine -- [pFg

R T OIS — BB T BRI AT AR — R AR — KGR o PV AT DAYEF 2 A8 [ Y
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g EHEA L BRI . AT asyne def HFAKSEL. S, PEP 492,

coroutine function -- B %k
i [B]—A~coroutine XA EEL. PMERET T asyne def iFAKRE X, FHATREM Y await,
async for fl async with @, XEEHERH PEP 492 5] A/ .

CPython
Python LA E GBI, 75 python.org | %77, "CPython” —ial il FAEA BEFHF B350 5 LA
SEELEI N Jython Y TronPython AH X 1] .

decorator -- 2E1Hi 7S
IR EME R 55— AR R AL, B @wrapper EATE ORI TREAS e . e i i & L 191
35 classmethod () fll staticmethod ().

AR R —FEIRRE, DU PR B0 SR S R Se 55

def f (arg):

f = staticmethod (f)

@staticmethod
def f (arqg):

L

Eﬁlﬁ‘]’f%ﬁiﬁiﬁﬂ%?%, {HIEF B DX . A R TS 0 s EOE SO 2858 L SC
descriptor -- {{fiiA%3%

EfE LT __get__ (), _set__ () B _delete_ () HEMXE. U— K@U NIRRT,
ERIRI T SR EE Rl A . EEEOT, M a.b RIRE. E SR —AE
BfTE a B FHIAER AT b BIXTE, B b 22— iR, WS X b e k.
PRAFRE AR MRS 2 T V2 IR Python [ 588, RO @ 0 2 S BLRRIERG ELAY, 4G REL. 7
A FHEEME. A BSEASOE ARG 445

A KB ETITEMEZ A5 E, W descriptors B {1 .

dictionary -- it
— A RIREA, R AR B R (B BT DURAEAT A __hash__ () fl_eq__ ()
FYERIX G . HE Perl H1FRA4 hash,

dictionary comprehension -- ‘2 HiLHi: S,
AbF— AW IE AR G A ) BT BB A ST R IF R M 45 R L — P R E Bk, results = {n:
n ** 2 for n in range (10)} FFAEMR—AH4E n ZEH n ** 2 WGP TR, S 1

comprehensions,

dictionary view -- “z HIL ¥ [
M dict.keys (),dict.values () flldict.items () REIFXI RPN FHARE . EAHRMET
FMSLHW— DS E, X ERE Y F IS, O Ak R B As . SR s & 5 ity
BEIEMSZR, AI{#if] 1ist (dictview) ., & dict-views.,

docstring -- SCFf P AFH
TERIE . BRAEHLZ WIS D RIB B P AF S I BB T S 8am, Ha
WAL BB __doc_ J@IEH . T e AT RENE, HitEfsr
TBOWS G 1) SRS PR R 07 B

duck-typing -- 1§ -8
Fa— Mg RS, B AMREE A HOA R AR € Hoe B B IER I EE 1, 102 B3 ) B 6 ) -
TrEEE M (BRGNS T, RGN 1 IR AE RN 1.7 TSR EE O AR 2 K
T R AP ACHS R fe i 2 3SR ORI T R M. 15728800 6o fli ] type () B{ isinstance ()
Egﬂ (HZEE NS 2R B AT AR AT 20 %0 & AR ARb 7. ) MRS R hasattr () #llE0Z EAFP
HFE.

EAFP
SRIFEHCRVFTEA )" 3304 S . iXFh Python ¥ AT 2 5 WUk 2 (BE i 75 1Y B BUR HEAATE
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HAEABE S RIS o PP a7 i PR KA B 5 A2 K HE  try Al except 1547]. THAH
XA NZ FrE LBYL WA, & LT C S8 2 HAIE 5 .
expression -- Fik R,
AR B EE IR TT . Bmihv, — IR Rk TR e, A, BV,
BREAFSREOR LR, BN AH SR M. SF2HMEF AR, HAEIA 5T D
RRILK . IDFEARRR AV ERIL L statement, BRI while. WA E TEMAMIERIEA .
extension module -- §" £ ik
PA C 5 C++ BRI, {8/ Python ) C API SR 5if F .0 LA RS 740 HL .
f-string -- f- 24558
WA £ EOF ISR EEE AN AR R ARSE R I ENE S . &
i, PEP 498,
file object -- Lk f %
KFANA TR SCER) APL (A read () B write () Z507%:) DA T 2EIEPIXNTS . RiEHA]
BT, ST ST DAL BERT BSR4 SCPF . AR (A sl A5 B v ) (90 s e
B AWK, BT FIES) . USRIy R 25 R,
SeR B SRR SO G AR = R S, G = i U DA S SR . BRI E
SEAE io B, QIE ST RG22 open () p%k.
file-like object -- {7 %t 4
file object W [R] X id].
filesystem encoding and error handler -- S 2 S 4uhks X SR ALBIES
Python H >k M #AE RGeS 717 5 A ) 45V E R Ge 9w Unicode 1 4 ik = 5 AR AL PR -

S R G AR T A A A ARAIE RE AU AS A BEAE 128 DA BITA Fd . AR S R G gm i s X 0
VAL ARE, W API pBRERFTfE£S S| & UnicodeError,

sys.getfilesystemencoding () fll sys.getfilesystemencodeerrors () FREAI#HE ¥

RO R G5 R AL PR

filesystem encoding and error handler JZ7F Python JEZI}E 1 PyConfig_Read () ERECEECEN: &
Z: ] PyConfig fY filesystem_encoding fil filesystem_errors Z ¥ .

g2 Wlocale encoding,
finder -- 7§k 3%
— P R AR loader X4 .
FETEPHFP R AR 2R T2 485 WA sys.meta_path i, DARsA1Z 540 &£485 WA
sys.path_hooks {#iff,
152 5] importsystem 1 importlib DA TR L4057,

floor division -- [i] I U7
R A B S RO B A R s . 1 R U RE B R /7 o fBiln, Rk 11 /7 41
THAGHE 2, S Z AT S B B IE R 2.75 o W (-11) // 4 2RE -3 FH
X -2.75 @ FEAMSEIMEER. UL PEP 238,

function -- 1%k
AT DA R B S AME R — iAo i8] AT HAR ABAS S 2 A S HEAE R BRI T gl i 1
55 Wparameter, method F function 57,

function annotation -- FEkRTE
B s E0E 2 5aR BB i annotation

PREPREE R T 2047 BIANRAR R BIE Z 4> int SHOFHUR 1> int {H:

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

PRECPR TR AYPEMR L function —Y
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Z: W variable annotation 1 PEP 484, H iR T W FIHE. %5152 7 annotations-howto DA T i F A5
B B

__future__
future 15/7], from _ future_  import <feature> ¥5/NIiSas i RH1E A ) Python & il
o AR E B EEAIE R i Y piii e, _ future_ BIHSCRNICSE TR HENY feature BUE .
1A AT HAR BRAE, VR AT AR SRR AR AT I 1 O B 5 A KB R (5%
©) eI B BRI

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

garbage collection -- : J% [A] Ui
FEHON PR 1 A A 25 (Rl i R . Python S il i 5 | HIVHECRT — A REAE A6 N AN TRBEAG 205 | 1 9 7
IRBIR B R RA TSR B . ATRAGEIT g bRz il S Bl licds «

generator -- 4k 7%
& |1 —Agenerator iterator FEREL. ERERMUFEEREL, AFGIETHAE vield kA AHE
7 — R ANERE S for-TEIME T BRIl next () BRELE IR
W IR A AT AL, EAERELS L N AT RE R A R B R K5 . WERFFEFERLHAS X, 3
il AR DA GBS
generator iterator -- K #3510 H%
generator BRELIT BN S .
BA> yield RUGRFEHFAIE, CEYHI A ERITRES (FERTHAZRHEN vy 154A). 4% £
A3 REWEN, B METF AU EARSEAT (X558 U AR 46 0383 R AR 22 AR ) .
generator expression -- /[ & 2% 45 R,
REERERBA . ERERG N ERER, JFHERE—1 keyword:/for 5], &L T—4
TEFAER . JEA—AAER) keyword:/if ). PARIRGFRIXAS N INZ BB — R IE::

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

generic function -- 7Z % pR 5
SRS TR 2 B S BRAH [R] $1E 19 22 1 eR BT 01 RS o V1 st 2 ey 90808 030365 ST it 5 7 2% (1 P WA
AL

i 2 Wsingle dispatch RiEFRS<H . functools.singledispatch () HMizeA & PEP 443,
generic type -- {274

2Rk RIpe; BHN List B dict KA AR AT X237 FUzaf.

WS W Z B4 267 . PEP 483, PEP 484, PEP 585 fil typing Bk,
GIL

2 W.global interpreter lock .

global interpreter lock -- 4 )5 i Bk 2% 4
CPython fg R4 IR I —FBLE], B O ORE — B 20 A — N ARAE AT Python byrecode. AL
WS BCE R ([ dict SFEENERA) HXIH L2 4 # L T CPython SZ3.
AR I B AR 2 AR AT E I, AU A T e 2 AL PR E R FFA T
i, BESORR I A BCER =5 R T AR BT S R AT T 05 A AT 55 0 4 BN A P RE A
GIL. MAbh, TEHAT VO #HAEm s 2R GIL.
PMERIBIZESE L “2ef 3 i AfiRess (REDASEANRRLRE BIUE 3L 280R) 9% 1A, WoMTE
% WL AL BRAS Th R RE S Z B . FATIACKY, JeRMERE M i S I AR AR S A 2, AT 3
INAES A

hash-based pyc -- J T-W#5 11 pyc
o X R 8 ST 8 W A (L T A i I A S T R B A A RO B T A SO B WL pye-

invalidation,
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hashable -- W[5 7
— RGP AE G N AR AE (BT __hash__ () H¥E), FEATRAR Al
MEBFTHE (EREA _ea__ () k) SN TooA X4, WA G B A FH R g
FAH LRGSR A SME .

TG A AR SRRSO P SR AR B I A BT, PR DAk S B 2 A A PRS0 s A fE

KZHL Python AT AL P EAT AR 2 AT IS A ATAEZEAs (BIns) R it) FORTIISGAS A
AR (BIANTCAA frozenset) (M EATRTCRII N AT A2 AT A I RSBl
XGRS AT . ENTEREI —E AR (FRARRS A ), NS A EmE e 5
TEM id O,

IDLE
Python fYSE T A H2# ) #18 . idle j2 Python FRifl A AT PR A B A G e MU REAR IR B o

immutable -- A~ [ 28 %} 4
HAREMEAAG . AR . FAFERMIcH. XA RARERRAS . GR i
;/I\KEJB@{E, MR A EFIINT S . B FETR S S A (A R E HEAER, GIanfEh T8
Ay

import path -- S A ¥
HEMIE (B4 125 0 ) 4UmaNR, 2P Iparh based finder FIEER S AHIR. TERANRT,
WA EYRIEH R E sys.path, [EXRHFAEHRFTRER A F9ER __path__ J&@k.

importing -- § A
A ) Python AURS E A 75— MELH ) Python AURD i T i) i 72«

importer -- S A 7%
A MBI S WS RBEE T finder XJ& T loader .

interactive -- 35 4.
Python 5 — A2 H A fERERS, X EWRE VR DATEMERESS LR i A B ) AT geak=l, SR AP
PATHERLER . HRAAERASHIE I NS python ANRA WG, B0 DATHEPLT 330 3
HE R E RS o 32 T AR R B A AR A R L — R AR R A R0 O = R T A
“help(x)*)

interpreted -- fiE Y
Python —@FfEREAUE T, SZMXIMRMIFINET , BAME DI h T A g as A T
DA TR . X M RSO RT DAE RS T AR B M @ v AT SO s T RRAE E
HA Wi B0E 5 H R AR, (R AR P AEAs T8 18 . & Winteractive,,

interpreter shutdown -- fiEFZS G M4
WK AR, Python fRRERFRIE A — MRS TT I BOF B0 RERUIT A O A BT R, Bl s Al
BAh R NTREENE . EERSZ WML S o X ek P E XA gs e 555 | a1 o a4t
TEBPAT . AE KA BT RIS il e B B & A R, ORI RO R A FRE R (5 WL i
T PR AL SE) .

FRREAR T Z I RN __main_ BOREERIE AT A E 58 AT -

iterable -- W[ ECH %
—FhRENS B AR [ H B R I X 5 o ARBTG5 g P 4238 (W 1ist, str fil tuple
) PARHEEERFP IR dict, AT 5 DARARATE LT __iter () F{EBSLEL T sequence
WX __getitem_ () LRI HELEHXTL.

ALERXT R AT T for TEFRPA KT 2 HADFTRE— TP A T (zip (), map (), ..)s H—A-0] ik
RIS ZEAENSEAL AN ERE iter () B, BESREHZN LRSS XAIERREH T XHE
LA — KRR DT FEFHH T ERXRE, REFEAFERA iter O 30F A OAHEAINTS .
for iR 4 A B NARAE FEAR L BEAE, B — AN I K 6 4% 728 8 ORAE PR I R ARAE A0 2% . B

Witerator, sequence Flgenerator .

iterator -- YE{C%%
HRFR—ERHERT S, EREF LRI _next__ () Ik GORFHAL 25 N & AL
next ()) KRB MR BRI 248G 5T ARG % StopIteration . FXAfEMN
B P BRI RN, GRS _ next_ () HYERSFIRE| % StopIteration, #ft
MUEA _ iter_ () HEAKRREIZEREINZH S, HitEARLE R EAXS, 1]
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BT HABTTEAX R E AWK I — D EENFIINEIRLE S 2R ER U5 R .
ZRERRTG (BN 1ist) FEURBRIR G HAZ A iter () BRELEURAE for THFR I HER & 7= A — N
FERER . QIARTE U 0L T AR 2R 25 2R ) 2 1 HE 2 BB A A e R ] — 5 AR X 42
EHERERG S TSR

W25 B & 7 typeiter,

CPython J:BRANYi: CPython {4 — W AR E X __iter () MR,

key function -- % A%k
SR PR RN PRRE R R B, 2 BEAS IR [ ] THE P BCHEOZ A E R PR AT 4. BT, locale. strxfrm ()
AT M G DT 29 & 1 HER B
Python &V £ T A fuif B s ORE HIT R A B0 Ly X K a4E min O, max (),
sorted(), list.sort (), heapg.merge (), heapg.nsmallest (), heapg.nlargest () DA
M itertools.groupby ().

H % Ry 2] DR — N R AR B, str. lower () 5Tl DAIAEZ0E K/ NG HEF ) dE R %L B
R IE T 1anbda FAAKAEBIN lambda r: (r[0], r([2]). 4, operator.
attrgetter (), operator.itemgetter () #ll operator.methodcaller () ZHERET =1

ity WEE HP T R IR B A F B iR B R 11
keyword argument -- G5 5

Z: Wargument

lambda
HI—A> i pltexpression 14 LA HE 44 WIKER L, RIRA AT I HORME. 87 lambda 51 )4 N
lambda [parameters]: expression

LBYL

SERFIEPER WIS . XU S KAg ST TR B0 R A A A m R A
WS S EAFP G BN e, HRR SR KB 1£ 154,
TEL LT, LBYL XSS “BF” A PR 2B KA KM g ). flin, PAUNAE
if key in mapping: return mappinglkey] A HEH FEMEEIED 5 HMLTEN mapping
HASER T key T H B o SRR RN AT 2 B sl A8 ) EAFP 5 =R figde .

list
— 7 Python [ Esequence, B INZ NH)FR, BEHEEREMTHMES PFAHmM TR, AR IT
RHYIHEE IR O(1).

list comprehension -- 51 i 55X,
SEPR—AN 7B i BT B TC R IR M S5 R R — P BB E . result = ['{:4#04x}"'.
format (x) for x in range (256) if x & 2 == 0] JFAE— 0 | 255 JLE N+ 753k
HIRHOT B FEAFE (0x..) . Hop if FAJR TR, WIRAIEN range (256) HHTA T
RE AL I

loader -- J#E 35
TR G . BWAE X4 load_module () W, MIEESE T H—A>finder 1z17]
e S0 PEP 302, ST abstract base class A] 2=, importlib.abc.Loader.,

locale encoding -- i % DX RS R,
1E Unix |, /& LC_CTYPE i & K idtgl. BEW LA locale.setlocale (locale.
LC_CTYPE, new_locale) F&KHE.

7 Windows |, 42 ANSI RS T (41: "cpl1252™).

7E Android fl VxWorks |-, Python {fi f "ut £-8" {ERiEE XIggmig X .
locale.getencoding () AJHHRARIUEF PRIk A% 2.

518 2[5l filesystem encoding and error handler

magic method -- iR Jj ik
special method H)AEIE 2[R XiH] .
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mapping -- Bt}
— Y ERE AR I SCIH T collections.abc.Mapping B{ collections.abc.
MutableMapping IR HEITHIE HEMARANT SR . WRXTE A T35 dict, collections.
defaultdict, collections.OrderedDict PAS collections.Counter,

meta path finder -- JLRE LA 7S
sys.meta_path BRIk EIH finder. JCISIEE IR A Spath entry finders 17AF FEABIHAFHE .

IE#FH importlib.abc.MetaPathFinder T f#ICEARETHR48 A SCEl M 1.

metaclass -- JGR
—FATAIERME . How LA BFIERYR ., TTRNTTEZ R =ASH0F 01
W2 o KR4 T XT3 ) SRR TE 5 B 2 PR it — AN ERIASEH. Python B4 51 2 ACKE T 7] AR B &
Mot R A PKEATREXAN TR, HYFEL I, JoS A SR sn A OUHE ) ey %2 .
EAEHH TICREUin H . WMt IREN R a0E . SO, AR5 .
L5 S I metaclasses.

method -- Jj ik
TER TR L BRE . WERAVERZ M LB — AN @R R, 5 2 RIS B S A A —
Aargument GBI N4 N self). £ function Finested scope.

method resolution order -- Jj i /@I
T R T 558 2 A A AR B D3 B 4 R I . 5 219 python_2.3_mro T H 2.3 KA R
Python R BT 8 A SA TR o

module
X5 Python RS —FPH BN o A BIHEAG M A ar 44 25 (0], PIE4E& Python X4, #4
BenT i importing BVER N 2L E] Python H1.

Y Wpackage.
module spec -- i LR

— N asnE, HbhusHTm&EBEEWHEESEAEE., & importlib.machinery.
ModuleSpec LB,

MRO

2 Wmethod resolution order ,
mutable -- [ 35X} 4t
AP TR 0.0 (RS ORRL TBCI IR, 532 Wimmutable,
named tuple -- B %04
ARiE CBATCH” W TAEMIAR B, H B R AT RS TTR I RERE T 44 FRIE ke 1 ) ) 2823
Wi, SRR o S T RS FARR
FLNERMET AL ICH, 035 time. localtime () Ml os.stat () WEREMH. 5H—AFT2

sys.float_info:

>>> 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

HLe AR N EZRE (B Bis)+) . sbsh, A TRt 5 2 e XM tuple 4k
HIH 2 A E AR B ORI . XFER AT AF Lo, s inT DLl 4K typing.
NamedTuple, B{E M L) K%l collections.namedtuple () A&, J5F—MFRAESTM
— T T4 5N B B4 JeH A Ao i

namespace -- iy # %3 [7]
A B RS R A . A2 EA R ERFNER, AN mEmL 2w (FEh
YEZ W) . fin s A5 [RE R B 1k A4 i 58 ok SCRpbEEu k.. 40, pRi%i builtins.open 5 os.open ()
AL 4% H W 44 25 AR DX Ay o i 44 25 (8] 340 3 Ao FF A R A A ke S B I8 A o 500K 355 B 4% g m sk
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M gEdrE. B, random.seed () Bf itertools.islice () XFE LI 17X LRk AR
random 5 itertools B4 BISCHL

namespace package -- iy %43 [\ U
PEP 420 fr5 | A —Fp AU AV T ER 2 ipackage, fiv44 230140 m] DA SEAAZ R, HAlIA Ty
K Hregular package ANF], FHEANTRA __init__ . py XfF.

B[ % Wmodule,

nested scope -- ik £ ] 1
TE—AE SGEB NG HASEREE ). BN, 77— R e LRI R ET AT | R B AS & . 5
HAREAE FAIEERA R X5 A SO XA TCA . Rl A s S A2 SR T 5 ZVE A k. 2500,
2R ENEENWERT2RmA %50 . B3 nonlocal KEFN] AIFE ASNZER .

new-style class -- J AR
X E A T A S 2B W IEFRY . 70 Python it HAT U 2ERets i A
Python ¥Ry R iEFK, W __slots__ . fifiikds. FHEEM. __getattribute (). KIjE
MES .

object -- %} %
EE ig«ﬁt’& (BMEEE) PARTIE AT A () M. object @ fEAnew-style class 1)z Ti
EREL.

(o)
— ] A TR B T L S B Python module, MR B, 2 HEA _ path_ J@HEN
Python &b,

2 Wregular package Fnamespace package .

parameter -- JE5
Junction (87 7 UMM SR, TR EBT B —argument (SAESANTRT , &
B LS

* positional-or-keyword: B KEET, 5 D0 PMERIZ E S & AW PAVE N X 425 Ak
BN S, XEBRAMES IR, BIan N foo Fl bar:

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

* positional-only: {USROZE, F8E—HAEEL A E L ARNS. (WRAELS il ek HoE
SIS FRPENZIREE A / FAPRESL, BN posonlyl Fl posonly2:

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

o keyword-only: {YFRHEF, oA HEEEM KEFEANSE . (R XEFIES s
HREUE LIES R P S AT ETE S BETE 2 DB LS 2 Hii—1 * g L,
B0 R T kw_onlyl F1 kw_only2:

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

* var-positional: AIAE(E, H55E ] DABR A — MERRCR I AL SHR RS (EInTE A
KZERZNESHZIG). EMESESTERSAFRHIINE * kE X, BN args:

[def func (*args, **kwargs): ... J

* var-keyword: FIAZKHET, 15 7E AT ARRBME R AR X S AL (MEINTEHMTE 2 E 321 %
BYSHLIG). RFES Wl S AREIN ** RS, BIAETRER kwargs.

TS W VALRI R E PTEAN e S 4, ] AS L il e S R0di s B

& Wargument RIEFLH . S ESHX HIHHIE LA, inspect .Parameter 25, function
—I5PA MK PEP 362,

path entry -- J&f: A 0O
import path R —/ M, Sxglipath based finder il R FR 3 A R,
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path entry finder -- J§1% A L2325
F—RJE MR sys.path_hooks (Bipath entry hook) 1 B[] finder , MAPRF 4 GEM L path entry
o FE NI
152 importlib.abc.PathEntryFinder DA T AR A I EFR 2 IS IIAI S 1 .

path entry hook -- #&4% A L1 #)F
— MR XS, EAERGE A RES Epath entry FEBHRGTEOL T REAS (I sys . path_hooks
H|FER 0] — path entry finder

path based finder -- 3t T- ¥4 120 $R 5%
BRAN)—FP T34 12 & 4R %5, WIHE—ANimport path AR FRARHE

path-like object -- BEIEJ %5
RFE—DXHREBBEIN SR BEBNRAT L ZE— D FRREREN str 3 bytes X4, if
A PAR—EI T os.PathLike PPN ER . — A Ff os.PathLike P X} 5 n] i i 1
Hl os.fspath () EREFE# N str BH bytes KM R B IR os. £sdecode () Ml os.
fsencode () A4 RIOR AT str B bytes RAWLZER . BEXTGEH PEP 519 5] A1,

PEP
“Python 3R 2 UL HYIELHTE . —A> PEP gije— (Bl 30k, IR Python A IARALEE,, ol
7R~ Python [ 4 S H FE B FRHE . PEP [ 24 $ (O A 11 B2 AR HURS R T SR SR P 1) S P 356
i

PEP [V A4t BB R P, WAL DO R DR S 153 LA S R A6 25T A Python BT HRLSfE
G5 SR ENLE . PEP IS A STAEAEAE X T E T L1, I CREAS [ B WARIC A SR o

%10, PEP 1.

portion -- {54y
F R — A 2% 25 ) R BRAS H SR N U A (W RTREAFEA T —A> zip SXF) , Bk LWL PEP
420,

positional argument -- {3 ¥ 23 %
2 Wargument ,

provisional API -- #7%¢ API
B APL 238 00A B HEBRAEARE P 1 n) J5 A AR UE Z AR I T g 11 . BRIl A R
STAERUAE, B HZEHYARONE E, T REFERL OIT A B i A BT #7105 A
W (R AFERERZEE D) MBSO N SR IET - U APT BN Z Bl &2 &3] 1) ™
LA P B 1 K B AS A ] R S X R

B2 5 APLRUL, ]S A ARA R L el “ I m iRRJr 587 —— AT M) RE A A I
FRJL AT BB SE SRR B — b i) S5 ARA B AR T 5

XA B AR SR VAR PE R SE AN T L0, A T80 MR R PR BOT B BT IR . 315 W PEP
411,

provisional package -- £7 ¢l
Z: W provisional API,

Python 3000
Python 3.x AT EIIERR (X2 FAEMRA 3 W RS R O et L 3 T ) A It
'5'?\] “PySk” .

Pythonic

A SR B — BOCS B 1 Python 155 S A USRI B, 10 AN 00 JHHCA T 5 v ]
AR RSB . Bildn, Python [ WAR R B £or IRAIAIRA M P — Al ik AU R H (4 By
AR WEHAEF B AR, LA Python Y AAT I S Be T — U7 T R

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

TR R H B 575t B Pythonic (7535 & X FERY:

7


https://peps.python.org/pep-0519/
https://peps.python.org/pep-0001/
https://peps.python.org/pep-0420/
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for piece in food:
print (piece)

qualified name -- [ & % B
—PUES R AFR, R MBI 4 SR VR S A b SO AN BRBE YR i
&7, M X PEP 3155, T m 2R MBI, BRE RS ear—3:

>>> class C:

class D:
def meth (self):
pass

>>> C._ _qualname_

ICI

>>> C.D.__gqualname_
'C.D'

>>> C.D.meth._ qualname_
'C.D.meth'

. J

295 T 5 AR, 7 IR E & AR B AR R IZBR B DA S R B B A2, O E S a1
A, Bl email .mime. text:

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

reference count -- 5| /1%
MEEGI AT M5 TR A SR, 2R NfE S k. FLXTSE A7,
HEHITBUKEAXAE L, IS KEA 29 B 51 T4 Python A5 1 &AW WL, {5
T:?%CP)T%)ZH T A RHITE. BT AW AR sys.getrefcount () BRECRIRFNIFRE XS
eIV R e

regular package -- ¥ L f
TG M Wpackage, FIMESH—1 _init__ .py CHRYH .

%2 [ namespace package.

__slots__
— PR EAEZ ERI PR, A 5 P B S P S R T RS R S 0 R T I AE . B ARIX Ty
R§AT, ERBEAHFHNFARY), wif RIRETEDEIEN TR, Bl FEN Ay Ry, 7
HHE A5 K.

sequence
—Mhiterable, ©ZFFET __getitem () FRERTVERM BRI I HTERM TR VI, e
T AR EPIHER __len_ () 7’7& WEMFHIRELAE 1ist, str, tuple fil bytes %,
R R dict W getitem () Fl__len_ (), {HEAZ Mt AEFES], HHhe
1 ;AT B immutable BN B HEBOREHITE.

collections.abc.Sequence ?Hﬂ%ﬁ%ﬂz)\(Tg/\Eji B0, BIE _ _getitem_ () I
_len_ () Z4b, BEIMT count (), index (), __contains__ () Ml __reversed_ () 5

PRBLP etz 1 2R B4 mT PAGE register ) R AHIEN . BERECH 238 T 9 7 n 5 22 S0RY
W2 RPN E

set comprehension -- &S A
b3 — A AT E AR S T B TR IR MG R G — B E S, results = {c
for ¢ in 'abracadabra' if c not in 'abe'} AN FEARLES {('r', 'd'}. BN
comprehensions,

single dispatch -- M43k
—Fhgeneric function S3IRIE, HELIRET PASHIWFEAORERER .
slice -- ’d] J1
RS TR g sequence H—FRIFHIXN G . YR 2l (0 T ARRiCok G, 75 [ a4t
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MNPANE S0 FRErT, Bl variable_name[1:3:5]1. H36%S (FhR) ARCLENEBEEH slice
POE

special method -- $55f J5 i
—Fhe Python BR=CIH FH IO 3, RN R B PA 4R E BAEG AT NS5 55 . XA B S PR
HRACBTRIZ . FEIR 7m0k 2 W, specialnames .

statement -- 41
BB (— RIS B BRI, —SABRI AT AR —expression BUEANTA KR
ZERY, AN if, while 8 for,

static type checker -- i A KUK iy 2%
eI Python RS I #4704, PAE IR WS F NP 5 45 IR M ANE T . RS mE 2727 LK
typing FiH,

strong reference -- 55| J|
1E Python [ C API 1, 385|238 NHFA 5| RS BT IlA x5 . ZEQI 2 | il
VM Py_INCREF () RIRHGEG | HMAZEMERS | HE Al @it py_DECREF () SREEME .

Py_NewRef () MRELAIHE M TRIEE— R RAERT I o G@H, SAER RS | A 1E A7
%35 | H LA py_DECREF () pR&L, DARESS | H AR -

i 2 Rl borrowed reference.

text encoding -- AN Z g% A,
f£ Python i1, —ANFAFERJ2—H3 Unicode fURS £ (JEFE) U+0000--U+10FFFF). S T AP EUE
—NFLRER, BEFRERT MR

B DFRFRIFIUCH— AT INRARA “Hihd”, TG 79 P S B A B iRl i
6%”0

ARFAFE RSO FFIE Fifdds, BN ARG

text file -- SCA Lk
—MERISILS st X[ G file object . 38 H— A SCAS SCA S B A& U 0] — N T o) =45 £k i ot B
Bk Hrext encoding, CASCAFRIBIFRFEACAB ("r 3 'w') FTFFE M. sys.stdin,
sys.stdout PAM io.StringIO HYSLH.

Syt S Fbinary file TIRREW S F 5 AT £ BSOS

triple-quoted string -- — 5|3 4Fh
HRAW EAESENE S (7) S B51S ) WS, efEDRESERSH—A5 15
P FRFR A AR, BEa 2. BNTATFRETA R NS RS LR BG5S FE|
5, I HT DABSER 2 AT O T (0 IR HEAF , TGRS SURY A B B e B4 A

type
R Y E—> Python X4 J& TAHAFZE; AR RERRA —MIEE., BHLEEX R, AT
MER __class__ J&M, B0E# type (obj) EIREL,

type alias -- J3%Y 3}
—ANRA R SCiE], AEy OR HE E B R 45 R PR AT
R R R AL 2 2 2. il
def remove_gray_shades (

colors: list[tuple[int, int, int]]) -> list[tuplel[int, int, int]]:
pass

AT DACRE g L

Color = tuple[int, int, int]

def remove_gray_shades (colors: list[Color]) -> list[Color]:
pass

ZIL typing Fll PEP 484, HAf XTI RERY HEAR 4 o
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type hint -- 237175
annotation “HAEE . KEM. RENESS0HR RMESS ST 2A,
RAUPL TR 2 AT EE I A2 Python BRI ZR, HEfIX#4A R0 & 5 RAHL. BEIEREDE)
IDE 2 AUHS b4 5 EAY
AR BIEMERRB R M T A typing.get_type_hints () KijjH, {HEHAS
=4I NTIpY e
Z: I, typing Fl PEP 484, g xf tb I Re I TEANHEA o

universal newlines -- jifi J] #i47
— PRSI T, RA T A A S AR B AT R AR s Unix (U745 Z)%E " \n' . Win-
dows I Zy5E "\r\n' PAMIAKR Macintosh [ Zy5E "\r', Z W, PEP 278 il PEP 3116 fl bytes.
splitlines () T Z MLV,

variable annotation -- 28 & bRl

it As B e 2@ Mk i annotation
TERREAS SR SBT3 T R

class C:
field: 'annotation'

A EAREE PO R 23 BIANA N AR B2 int JERAY(H:

[count: int = 0 J

S BARETER BTN AR L annassign —7
2 W, function annotation, PEP 484 F1 PEP 526, H iR T IINEE. J31E S 5 annotations-howto AT
PR AR R SR B

virtual environment -- Jg L3455
— PR HME SRR B s AT EREE, fui Python JYFURIN. AR £ 2RI THE Python 73 A AR A
ST HEIE— RS Laad i) HAl Python B HRR P HFT 4 -

HZN venv,

virtual machine -- JE L
— G e A T R ST EAL. Python R HUML W] A T 1T R 4 igs BT A2 U byrecode o

Zen of Python -- Python Z i
F1|H Python AR N 537, B THMSHHXMIEST . &FHEERNEEL EERR
b A import this”,
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APPENDIX B

i AA

XL SRR Sphinx M reStructured Text JEA4 i1, Sphinx &—/~% M ALFE Python SCRYT 48 5 11 SCRY A I,
o

AT REEZ I ), WAETEIEE 2557, A3 Python A8 o AR AR BUf i TTmk, 5 P
reporting-bugs AFANAIZ 5 . FRATHEWUH o) G R |

RN -
* Fred L. Drake, Jr., J5ff Python SR THAEZ B, ARZ SCHIZ AR
o T 4% reStructuredText F11 Docutils {1 Docutils i H ;
* Fredrik Lundh 1 Alternative Python Reference 3 [ , Sphinx M 183 T4 £ iFa94H%E .

B.1 Python {44 SifkE

AARZ X} Python 157, Python 5 Al Python SUHAT TR, [ Python JRACAS /) % 1) Misc/ACKS 3¢
PRSI T vk -

AT Python # X (i AFNTTHK, Python A4 Ui €1 SCRS——HHAHMRAT!
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C.1 ZHHFrIm s

Python Hfif 22 $E M EAHLR 58244 (CWI, i, https://www.cwi.nl/ ) [#J Guido van Rossum - 1990 4f
KW, YER—T 1M ABC G & R . 48 Python 405 T2 ok B HA A 5Tk, Guido {752
HEZEE.

1995 4, Guido ¥& #:25 e W B E KB wFsE 2 7 (CNRI, I https://www.cnri.reston.va.us/ ) k%2 fhyE
Python b1 TAE, FHHEARHE LA T2 A

2000 4H.H , Guido F1 Python #%.0>JF & [ BA %% 5] BeOpen.com F-4H % T BeOpen PythonLabs B . [&]4E+
H, PythonLabs [#] J\%%%] Digital Creations (J{ "5 Zope /A ; U, https://www.zope.org/), 2001 4, Python %K
{542 (PSF, I https://www.python.org/psf/) J8AL, 3% &—% A Python AH & HITH A G 1 HE
BRI, Zope T HAESE Python B B4 i HE B I B o

A 1 Python HUAHRIETFIRRY (A KITYRAY E L2 https://opensource.org/ ) Pt b, #iKZ %L Python
JiiAJE GPL 31 TREL TR MRAE I

RERA  FB F1n FEE GPL %% 7

09.0 % 1.2 n/a 1991-1995 CWI 2
132152 1.2 1995-1999 CNRI 2
1.6 1.5.2 2000 CNRI %
2.0 1.6 2000 BeOpen.com {5
1.6.1 1.6 2001 CNRI &
2.1 2.0+1.6.1 2001 PSF w
2.0.1 2.0+1.6.1 2001 PSF 2
2.1.1 2.1+2.0.1 2001 PSF 2
2.1.2 2.1.1 2002 PSF =
2.1.3 2.1.2 2002 PSF =
22 R 2.1.1 2001 &4  PSF =

ik

GPL 4 H A FWRE Python 7E GPL "N %Afi. 5 GPL A[d], Ay Python ¥ n[ib&R fuifF @7y KB S
RIRCAS, TR IR i . GPL 3R R VF T IE(E45 Python Rl DAS HETE GPL T KA AR 14145
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A SRR YT )

BRI ARZAE Guido 1175 T TARMSNTEIEE , (X LKA N T RE .

C.2 FRERKLAH M5 A Python By F0F ¢

Python % {1 S B 6 IV TR 3T PSF 34T L.

M Python 3.8.6 FFA, SCRYHRERM. HRMEH SAIBLALAL R JH 2 PSF VAT s R 4 5 BSD 4T g
LR {46

FLE 4057 Python WAL TR R A9 VFAT . X EEVF R 2 SV VFAT 2 RIS — A . A R IX L8
A SERES A S FDIC Tk AE ey 7T 5B 33,

C.2.1 FF PYTHON 3.12.4 §§ PSF o] finiy

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

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

3.12.4 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 3.12.4 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 3.12.4 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 3.12.4 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
3.12.4.

4. PSF is making Python 3.12.4 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 3.12.4 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 3.12.4

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

MODIFYING, DISTRIBUTING, OR OTHERWISE USING PYTHON 3.12.4, OR ANY.
—~DERIVATIVE

THEREOF, EVEN IF ADVISED OF THE POSSIBILITY THEREOEF.

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

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

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

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

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

third party.

8. By copying, installing or otherwise using Python 3.12.4, Licensee agrees
to be bound by the terms and conditions of this License Agreement.

C.2.2 FF PYTHON 2.0 fj BEOPEN.COM #F &Il

BEOPEN PYTHON JF5 /] PS5 1 fiz

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

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

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

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

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

6. This License Agreement shall be governed by and interpreted in all respects
by the law of the State of California, excluding conflict of law provisions.
Nothing in this License Agreement shall be deemed to create any relationship of

agency, partnership, or joint venture between BeOpen and Licensee. This License
Agreement does not grant permission to use BeOpen trademarks or trade names in a
(Y
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(#2 E50)
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 FF PYTHON 1.6.1 g CNRI ¥#F o] il

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 THEREOF.

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

This License Agreement shall be governed by the federal intellectual property
law of the United States, including without limitation the federal copyright
law, and, to the extent such U.S. federal law does not apply, by the law of the
Commonwealth of Virginia, excluding Virginia's conflict of law provisions.
Notwithstanding the foregoing, with regard to derivative works based on Python
1.6.1 that incorporate non-separable material that was previously distributed
under the GNU General Public License (GPL), the law of the Commonwealth of
Virginia shall govern this License Agreement only as to issues arising under or
with respect to Paragraphs 4, 5, and 7 of this License Agreement. Nothing in

Cawy
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(B L)
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 FF PYTHON 0.9.0 E 1.2 ) CWI ¥F o] il

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 3.12.4 DOCU-
MENTATION

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

THE SOFTWARE IS PROVIDED "AS IS" AND THE AUTHOR DISCLAIMS ALL WARRANTIES WITH
REGARD TO THIS SOFTWARE INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY
AND FITNESS. IN NO EVENT SHALL THE AUTHOR BE LIABLE FOR ANY SPECIAL, DIRECT,
INDIRECT, OR CONSEQUENTIAL DAMAGES OR ANY DAMAGES WHATSOEVER RESULTING FROM
LOSS OF USE, DATA OR PROFITS, WHETHER IN AN ACTION OF CONTRACT, NEGLIGENCE OR
OTHER TORTIOUS ACTION, ARISING OUT OF OR IN CONNECTION WITH THE USE OR
PERFORMANCE OF THIS SOFTWARE.
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C.3 Wi YT o] S8
A Python % ATHL LAY S5 =7 BRI U AT RIBCAITT L, AT MR A 23 LRI

C.3.1 Mersenne Twister

YEB random FiH R 2 _random C ¥ B AHEE T M http://www.math.sci.hiroshima-u.ac. jp/~m-mat/MT/
MT2002/emt19937ar.html R ARG AT R A RS Y 52 B e R

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

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

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

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

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

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

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

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS
"AS IS" AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT
LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR
A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE COPYRIGHT OWNER OR
CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL,
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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C3.2 EEx

socket ffiffl T getaddrinfo () #il getnameinfo () WIDE I H AYAS [A] Y5 SCF A hitps:/www.wide.ad.
ip/

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

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

modification, are permitted provided that the following conditions

are met:

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

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

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

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

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

C33 REEEFRS

test.support.asynchat fl test.support.asyncore FHE SR VLH. -

Copyright 1996 by Sam Rushing
All Rights Reserved

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

SAM RUSHING DISCLAIMS ALL WARRANTIES WITH REGARD TO THIS SOFTWARE,
INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS, IN
NO EVENT SHALL SAM RUSHING BE LIABLE FOR ANY SPECIAL, INDIRECT OR
CONSEQUENTIAL DAMAGES OR ANY DAMAGES WHATSOEVER RESULTING FROM LOSS
OF USE, DATA OR PROFITS, WHETHER IN AN ACTION OF CONTRACT,
NEGLIGENCE OR OTHER TORTIOUS ACTION, ARISING OUT OF OR IN
CONNECTION WITH THE USE OR PERFORMANCE OF THIS SOFTWARE.
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C.3.4 Cookie &1

http.cookies Bl &PLFFEH:

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

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

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

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

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

C.3.5 HITERR

trace HHALE AT A

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 5 UUdecode F#h

The uu module contains the following notice:

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

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

Modified by Jack Jansen, CWI, July 1995:

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

- Arguments more compliant with Python standard

C.3.7 XML ZiZZ1E 18 A

xmlrpc.client FEHVEL & PARAERH:

The XML-RPC client interface is

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

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

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

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

test.test_epoll Bty DA FUEHA:

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 BT kqueue ()42 N5 AT FEH:

Copyright (c) 2000 Doug White, 2006 James Knight, 2007 Christian Heimes
All rights reserved.

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

modification, are permitted provided that the following conditions

are met:

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

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

THIS SOFTWARE IS PROVIDED BY THE AUTHOR AND CONTRIBUTORS "~ "AS IS'' AND

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

OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT
LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY
OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF
SUCH DAMAGE.
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C.3.10 SipHash24

Python/pyhash.c {47 Marek Majkowski’ %] Dan Bernstein {{] SipHash24 A ¥ERISEH . EREPAT
—=
FE

<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/siphash24/1ittle2)
Jean-Philippe Aumasson (https://131002.net/siphash/siphash24.c)

C.3.11 strtod #1 dtoa

Python/dtoa.c SCAFEML T C K%L dtoa il strtod, T C BUKS BE (A F4F ef Z B 640, BUR
A= B i1 David M. Gay 4w 511 [a] 44 0. B Bi1Z 304 P AE https://web.archive.org/web/20220517033456/http:
/Iwww.netlib.org/fp/dtoa.c T/, #£ 2009 4F 3 H 16 H A ZRE B R 1A SRS AR BUBCRI W] e

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

*

The author of this software is David M. Gay.

E

Copyright (c) 1991, 2000, 2001 by Lucent Technologies.

Permission to use, copy, modify, and distribute this software for any
purpose without fee is hereby granted, provided that this entire notice
is included in all copies of any software which is or includes a copy
or modification of this software and in all copies of the supporting
documentation for such software.

E

E O

THIS SOFTWARE IS BEING PROVIDED "AS IS", WITHOUT ANY EXPRESS OR IMPLIED
WARRANTY. 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.

*

E

***************************************************************/
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C.3.12 OpenSSL

The modules hashlib, posix, ssl, crypt use the OpenSSL library for added performance if made available
by the operating system. Additionally, the Windows and macOS installers for Python may include a copy of the
OpenSSL libraries, so we include a copy of the OpenSSL license here. For the OpenSSL 3.0 release, and later
releases derived from that, the Apache License v2 applies:

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

TERMS AND CONDITIONS FOR USE, REPRODUCTION, AND DISTRIBUTION

1.

Definitions.

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

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

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

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

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

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

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

(an example is provided in the Appendix below) .

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

"Contribution" shall mean any work of authorship, including

the original version of the Work and any modifications or additions

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

to the Licensor or its representatives, including but not limited to

(ZF 30
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communication on electronic mailing lists, source code control systems,
and issue tracking systems that are managed by, or on behalf of, the
Licensor for the purpose of discussing and improving the Work, but
excluding communication that is conspicuously marked or otherwise
designated in writing by the copyright owner as "Not a Contribution."

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

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

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

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

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

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

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

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

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

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

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

Disclaimer of Warranty. Unless required by applicable law or

agreed to in writing, Licensor provides the Work (and each
Contributor provides its Contributions) on an "AS IS" BASIS,

WITHOUT WARRANTIES OR CONDITIONS OF ANY KIND, either express or
implied, including, without limitation, any warranties or conditions
of TITLE, NON-INFRINGEMENT, MERCHANTABILITY, or FITNESS FOR A
PARTICULAR PURPOSE. You are solely responsible for determining the
appropriateness of using or redistributing the Work and assume any
risks associated with Your exercise of permissions under this License.

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

has been advised of the possibility of such damages.

Accepting Warranty or Additional Liability. While redistributing
the Work or Derivative Works thereof, You may choose to offer,

and charge a fee for, acceptance of support, warranty, indemnity,
or other liability obligations and/or rights consistent with this
License. However, in accepting such obligations, You may act only
on Your own behalf and on Your sole responsibility, not on behalf
of any other Contributor, and only if You agree to indemnify,
defend, and hold each Contributor harmless for any liability
incurred by, or claims asserted against, such Contributor by reason
of your accepting any such warranty or additional liability.

END OF TERMS AND CONDITIONS
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C.3.13 expat

pyexpat ¥R M FT 451 expat JERIAEAEN, BRIEBCE T --with-system-expat:

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

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

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

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

C.3.14 libffi

YEH ctypes BT ZAY _ctypes C ¥ /@ 4% T libffi A B AR, Br AR E i EE 1
——with-system—-1ibffi:

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

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

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

THE SOFTWARE IS PROVIDED " "AS IS'', WITHOUT WARRANTY OF ANY KIND,
EXPRESS OR IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE AND
NONINFRINGEMENT. IN NO EVENT SHALL THE AUTHORS OR COPYRIGHT
HOLDERS BE LIABLE FOR ANY CLAIM, DAMAGES OR OTHER LIABILITY,
WHETHER IN AN ACTION OF CONTRACT, TORT OR OTHERWISE, ARISING FROM,
OUT OF OR IN CONNECTION WITH THE SOFTWARE OR THE USE OR OTHER
DEALINGS IN THE SOFTWARE.
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R ARG EAR B 21ib BAKIFTFE kN TH 8, W 5 2lib SRR DR 2110 3 &:

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 {§i MW Z M S L AL T cfuhash T H :

Copyright (c) 2005 Don Owens
All rights reserved.

This code is released under the BSD license:

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

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

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

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

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

fE4 decimal #R N EH) _decimal C § &2 # 4% T libmpdec FERIREI A AT, B8 IEA0 ) i B
T ——with-system—-libmpdec:

Copyright (c) 2008-2020 Stefan Krah. All rights reserved.

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

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

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

THIS SOFTWARE IS PROVIDED BY THE AUTHOR AND CONTRIBUTORS "AS IS" AND

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

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

C.3.18 W3C C14N i EH

test A C14N 2.0 M3 4E (Lib/test/xmltestdata/c14n-20/) U H W3C Wi https://www.
w3.org/TR/xml-c14n2-testcases/ FARPE 3 551k BSD ¥ A IE & 47:

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

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

* Redistributions of works must retain the original copyright notice,
this list of conditions and the following disclaimer.

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

* Neither the name of the W3C nor the names of its contributors may be
used to endorse or promote products derived from this work without
specific prior written permission.

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

C.3.19 Audioop

The audioop module uses the code base in g771.c file of the SoX project. https://sourceforge.net/projects/sox/files/
sox/12.17.7/s0x-12.17.7 tar.gz

This source code is a product of Sun Microsystems, Inc. and is provided for unrestricted use. Users may
copy or modify this source code without charge.

SUN SOURCE CODE IS PROVIDED AS IS WITH NO WARRANTIES OF ANY KIND INCLUD-
ING THE WARRANTIES OF DESIGN, MERCHANTIBILITY AND FITNESS FOR A PARTICU-
LAR PURPOSE, OR ARISING FROM A COURSE OF DEALING, USAGE OR TRADE PRAC-
TICE.

Sun source code is provided with no support and without any obligation on the part of Sun Microsystems,
Inc. to assist in its use, correction, modification or enhancement.

SUN MICROSYSTEMS, INC. SHALL HAVE NO LIABILITY WITH RESPECT TO THE IN-
FRINGEMENT OF COPYRIGHTS, TRADE SECRETS OR ANY PATENTS BY THIS SOFTWARE
OR ANY PART THEREOF.

In no event will Sun Microsystems, Inc. be liable for any lost revenue or profits or other special, indirect
and consequential damages, even if Sun has been advised of the possibility of such damages.

Sun Microsystems, Inc. 2550 Garcia Avenue Mountain View, California 94043

C.3.20 asyncio

asyncio BURIHLEIF K H uvloop 0.16, ‘E2ET MIT ¥ UL AFTH:

Copyright (c) 2015-2021 MagicStack Inc. http://magic.io

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

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

THE SOFTWARE IS PROVIDED "AS IS", WITHOUT WARRANTY OF ANY KIND,
EXPRESS OR IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE AND

NONINFRINGEMENT. IN NO EVENT SHALL THE AUTHORS OR COPYRIGHT HOLDERS BE
LIABLE FOR ANY CLAIM, DAMAGES OR OTHER LIABILITY, WHETHER IN AN ACTION
OF CONTRACT, TORT OR OTHERWISE, ARISING FROM, OUT OF OR IN CONNECTION
WITH THE SOFTWARE OR THE USE OR OTHER DEALINGS IN THE SOFTWARE.
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RRILER B

Python 53 SCHY:

Copyright © 2001-2023 Python Software Foundation. All rights reserved.

AT A © 2000 BeOpen.com., B FIr A AUA] o

AL © 1995-2000 Corporation for National Research Initiatives., {585 BTG AU .
WAL © 1991-1995 Stichting Mathematisch Centrum., {483 BTG AU

A RSERMV ALY IS, B W LA TiE,
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