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CHAPTER 2

MERE=ATIEREIZY R

AN B X — AR AR TR 2 =07 THATIIR RO T8 C Ml C ++ 9. B FRA T XL TR,
AR BAREIE A T C 3Rk

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

WRAREH C, WIHIF Python P BRI B . PR AR A Python BLIEMA R, nILAIE L extension
modules S SEBUHT N BTG 2RA; I C WFERER RS H .

TSR, Python APT (W HRRFAmAidi 1) 5 LT —RINKE. ZAAHE, FLATI Python jZ4 7 £
LR TR F A% . Python [ APT W] DAEETE—A C¥ESCIFH5I A "Python. " KICIFRAM .

PR 4 S 07 B S AR H A R GEBE R R HE T SN2

il C ¥ JEEE LIRS CPython, " EASIHILIAAEJLA Python SCB) BT AR, FERZEIGILT, MZlERS C
PR, ROAFFAIRAENE. 250007, WRARA NG T C ESCRGEA, IRF%% B ctypes fiblak
offi B, T A H O C AU, XS AAVFIRS Python fUfSoR4% 1 C UM, IF BARR T4 5 M 4% C 9%
B, %7 IRAEANR] Python SEBLZ AL HAT B e Y I RS AR o

211 =N EBBBF

EFRATENE — AN R spam (Monty Python # 2Z i B3k I B 4)...) H HARZLQIHERT LY. C PR system ()
¥y Python $2 1 o XASBREHEZ— DA null £5 A FATH S HOFR [l — B8 ATA BT ATE Python H1DA
Iy R A LR

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

VAN BRI B 1 ATERRIERER os BT, X BN L LRI 61
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B E#—A spammodule.c 3CfF. (4 L, AR —AEM spam, WX SEHER C M
spammodule. c; QX MEHZ FAER K, AN spammi £y, WX MK SO T PAE MY spammify . c.)

SCPE R IHRI A T2 -

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

XA Python APT (MIRARFEVC, ARAT LATEE BLES i H ARAUBUAL f B KR o

ik BT Python ] HES 8 M —LUREAEFLUE R4 b LM AR e Sk SO R AL BEAR 2 S, PR IAHE A0 5 A A s o
Sz H, AR LR Python . h,

HEFE 2 J2FE Python . h BB X PY_SSIZE_T_CLEAN ., AFHZIUN B F4ad 30 3k TIREAN R HEZ NE .

JTAAE Python . h HgE LA O] LA 80 A Py 80 PY BIZH, CUFEFRIE S, SO SUROTIRLE R b . 5
FNEFME, T HAE Python fERES i) 2 M, "Python.h" B & T —2FRHESL S <stdio.h>,
<string.h>, <errno.h> fll <stdlib.h>, WHRFETSLSCHAERE RS EATEE, EXRSHEZESEY R
Fmalloc (), free() Ml realloc (),

NI C RELENY R, ] spam. system (string) BRI, GFRATRE B RITE:

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) ;

}

ANEEMESESIRNIE CENPIT, B "1s —1m) FI2fLHE C MBINSHE. C RBE AW
SR, WHA TR self Fl args .

XIFLRGL KK, self ZHERIIBS R ; XTI IE MR [ % G501

args SHUZHE I~ Python 1) wple XL ATHEE, Hori oS %e, B wple TS %, XS
ot A Python XF5 —— BERATRY C SR TS AL 5 /45 JLRE 40 C (B, Python AP iy
PyArg_ParseTuple () 2Kt SACKMIHF HELSN C (1. & 0 BEAR e il 2 T B SR DL I
TR C A FERAS . AR RERYR .

PyArg_ParseTuple () ZENFA S MO T 020 LA HCHR H-HE T BOZE f R L R, 3 ] 2 (o

), HAEEATUSEETR IR (). RS TH, BabfrE S a, (508 R E0m] DABE R [
NULL (H5t 2 617 B L)

6 Chapter 2. FERSE=HTANRI R
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21.2 XFHERHFE

#A Python RS R — NN iR S ZEMG1 . M — D REGE T RIGET, BN Y4 E— N RE &I
R AR GEHE N -1 30 NULL $541) . S8 E B AE MR ARSI =AU . R 7w
W EATH{ES NULL. FEHARIE I N ENTE sys.exc_info () Frik[Elf¥) Python JLHM MM C XY . B
1 AR FE A, SR sL O I AT e o BRARE AT PRAFES 12 QT gl A% 2 ) JE T 2L

Python APL t15 XL T HEa Bk Y Lk Hs

BN B & PyErr_Setstring (). HZ R
PyExc_ZeroDivisionError XFEHTIE L4, C

FEERRTGAFRE N S H R RIRAE

T AR REUE PyErr_SetFromErrno () , (% PRENE, REHAEEAEERE R errno
. Fll B R BGEA /& PyErr_SetObject () , WEWNSE, 43NS HEN R B RAFEME
J Py_INCREF () feIhinfs iz 3| HAb ek £ S 5060 S 151 T4

PRAIPAE L PyEre_Occurred () fEAIEMBEIARINE L AR B IE T 74 . XRRR YRR, 5
HARAR A R HE MR B] NULL. AR % AT 2 PyErr_Occurred () RS KB Pid &4 14
e, RN ZBEMAR [BHE A H k.

— AR f VS — AR g BRI B G H AT, f N2 A CaRE—MERE GEH A NULL 8¢ -1). E
TREPHFEA PyErr_* pREL - XERRBC L8 g WIS T . f I F Rl G 1Y 243 B — MR IR €
eI, [ARE R PyEre_*, MRUILIEHE - B R B e N 2 2 B i e B B R 7. —
E?g% ﬁ;?ﬂiﬂj Python BRI TG, B IEY A THY Python fCRS I 22348 H i Python #2751 PIr g
FE ) S AL PR o

(FEHLEAE DL BB SERERS i W e PyEre_» pRBORS BN M DN B, IF BAEX SO
7 A DURAR . (EUZ IR, X RALERY, H RS ECH R RME R ZR: KBS mT
LS GSITEN Sy

REZL W i — AN R GO eR RO BT BB S, R AR P AUE L ] PyErr_Clear () RICHLER IR
C USR] PyErr_Clear () HYME—FEILR AR EANERF R AR gs R A 5e 4 b A CoRAL B E
(ATRE R, SO BB HAS ) -

FR KM malloc () P8 HSAFEGHN—F45. malloc () (B realloc () ) AY ELIE VR H & 208 H
PyErr_NoMemory () HRiRFIEEFREIER . Fra X5 A0 8 K%L (Bl PyLong_FromLong () ) E&XAM T,
Fr A AR AU T BV malloc () AL,

WEERER R, BRT PyArg_ParseTuple () SFEERYHISL, 1R 1] B HIOIR A Y R KICH AR J 1k ] 11 {5
TRFRINE, MPA -1 Fon KM, AnfH] Unix REE0HH—FE.

s MARR B AR PR A B B B AR IR GEA A RE BT R X R AT Py_XDECREF () B}
Py_DECREF () JHH)!

BEFE G K WEA 58 56 2 U TR 3 47 BT A5 Python P ¥ S5 &5 8 A X W i 1l /5 B C XF 4, fildn
PyExc_ZeroDivisionError, RAJPAE M HEANT. HA&, WM YHBMEFERE - FEMH
PyExc_TypeError RFE/R LA TLIEFTIF (RTREMN % PyExc_OSError HWEH) . GRS H£A 1)
i, PyArg_ParseTuple () BREUHAH 25| K PyExc_TypeError. WERARA R — NS EINE LR E T
@Wﬁﬂ‘ﬁﬁﬁﬁ(ﬂ%{*, )”Uﬁﬁ{éﬂﬂ PyExc_ValueError,

VRULAT AS VR R A ME— A e o T SR SCPR T A I — S R AR &,

FHEMGEH C FRAd. RENR—BER
TR AR SR R, Il e — 4> Python ¥

[static PyObject *SpamError;

HAER IR AR RR AL (Py Init_spam () HFFA7 S H X GO Kl TR 1k

PyMODINIT_FUNC
PyInit_spam(void)
{
ST

21. {#EH C g C++ J'J& Python 7



Extending and Embedding Python, & {ThR% 3.11.14

(% L350
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;

}

W 2 1Z 55 XL ) Python 44 Ff N spam.error., PyErr_NewException () pREUR] PAG) & E 25N
Exception 2 (RIEE AT 53— MAJE NULL), 40 bltin-exceptions iR .

A spamError AFRRE T — AW O S E MG R XE2AEAZK! BT RE RSP IMNRR
MBS R, R TR I — X ZR A5 H AR E A S8 EST, MM SE SpamError A— 5
ZIRE . AR RO RS IR, MBI R %A E R C RSN 82 S 80 U e fif sl A T 2 A1 a5 52
i)

AFEGIFS 5 HF1HE PyMODINIT_FUNC 15 h s EIGR B 224 1 vk

Y R PyErr_SetString () R5|K spam.error FH, WIHHIR:

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 EFFIF
EE R S (VAP S W TR

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

WRAE S B R PRI B 4515, BR8] NULL (GZ{H 2R 06 5 48 41 17 o8 B 85 1R 48 R) , X s+
PyArg_ParseTuple () BWEMFH . EHAME N TS0 FAHE S DL 2| 5348 & command, X &

8 Chapter 2. FERSE=HTANRI R
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—MEFIR(EH HARAR AR SCE B 1 i 747 H (HBAEpRfE C o, A command B 24 97 IR iAo

const char *command),
B UNIX RS0 EL system () , LB SECZHIA M PyArg_ParseTuple () BUHHY:

[sts = system (command) ; J

FATH spam.system () M AL A1 PA Python XF & 1 B X ik [0 sts B fH. X 2 i i i 1 & %L
PyLong_FromLong () SEH.

[return PyLong_FromLong (sts) ; ]

TEEXFFOLE , SR — RS R, (X ARGLAAE Python HEHL A H) .

WRARAE — ARG AZ800 C g (BlRT void HRREL) , WXL ) Python PR A None., 4R
WA X RS v (‘B J2ilid Py_RETURN_NONE 723K SCFH) )

Py_INCREF (Py_None) ;
return Py_None;

Py_None J}§#k Python %#4 None it () C #4Fk. & AFLIEM) Python XPR A2 NULL #55F, 41k
ML, JEHEAERZ R T SO HRERE R
2.1.4 RERG ARG R

PR B K Z R AN A Python 2/ HH ] spam_system () . 145G, WATFELE “HER” PIIHE
Y44 FR AL :

static PyMethodDef SpamMethods[] = {

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

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

HEFE=ASH (METH_VARARGS ) , XMrRifgE @A C A B6Il. W 3¥E(HFf METH_VARARGS
METH_VARARGS | METH_KEYWORDS ., {H 0 fUZFffif]l PyArg_ParseTuple () HIEIHZ&E.

TR BBl ) METH_VARARGS , BR £{ £ %% fF Python f% 5k tple # X 1) 2 #, H & & 1)
PyArg_ParseTuple () #Ef7M#MT.

a0 SR N 24 R O B S B 5 1 R BN AT DAFE BB = F B P i B METH_KEYWORDS b 4 fif. 7E
WAE LR, C RN Y8232 55 =4 PyObject * B Z, B A —THXBFHRYFM, FH
PyArg_ParseTupleAndKeywords () F¥-SEfEAT N KL

XA VR o SRS o

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

21. {#EH C g C++ J'J& Python 9
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XSG R TR WAL R PR B L TR RS « WILR LR BT A %420 Py Init_name () , HH" name
SRR, BRI E L ME—F static & H:

PyMODINIT_FUNC
PyInit_spam(void)
{

return PyModule_Create (&spammodule) ;

}

TR PyMODINIT_FUNC KRR N PyObject * REIZEAL, Rl T P& BT8RN LM RRoRBER 1],
HAERT = C++ Kk E Bl extern "cC",

24 Python FE/F EH K A spam #H, PyInit_spam () ¥gH . CF X#x A Python fHERES LT 3. )
BRI PyModule_Create (), %R IR B —ABIENT 4, IR FARYE P HRFIHE (—4
PyMethodDef Z5H(RIMNELLH ) 1N B RES LI R H AW . PyModule_Create () 1R [H—AM§
] B P E B R I8 E . BV RS XA E R E AR Ik, SCETEAETCE I G A AR ]
NULL. FIERAeR BRI Gk [m 25 HAR 3, DAERF AR A S sys .modules Hi.

Lk A Python i}, FRiE PyImport_Inittab #HHLKH, BMALHIFM PyInit_spam() PRI %
FHREHGR B P, M PyImport_AppendInittab (), RIWEFEREG S 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) ;

}

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

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

}

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

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

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

PyMem_RawFree (program) ;
return O;

10 Chapter 2. RERB=FTAEIEY R
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Frik: M sys.modules MlERSEHA ST A T REBERE]— UL HLIG 2 AR (BB fork () T
exec () ) RFE— LY R FF R § RS AT DAERT IR 0 R R A A I 45 HH e i

22 TR B S B9 ) 10 & 7E Python YRS & i3] Modules/xxmodule.c Ho BSCHRT AL FHAER
TR A 2 ST BRI

ik AMEFEAIHY spam BT, xxmodule i T % Y145 1L (Python3.5 FF4R5] A), PyInit_spam &R
[1]—/~ PyModuleDef 251444, SR 5012 AR R S ANLE . 4095 2% PEP 489 L[ Bl tiik .

2.1.5 YmiFFOskesE

TEARREM AR B R HT, AR EMP S, [ Python RERJIFAEER: . WIERAREE AN
B, XHPEF AR EAE RGBS MBS F2(E BESH RIFY RS (hE O/C++ Ik
FAT), PAKAE Windows b 4R aR BINAIIME R (£ Windows L C Ao C++ 7 & T ).

WRARA GBS N2, S AR ZEEBHUR AR Python fERERSI)— 07y, WL AUE ek iC BB A, I

T ERERS . s 2 TE Unix BARMTE, HFRZHARA S ( spammodule . ¢ Ry Bil) BOTEME 40 RS &1 T
i Modules/ HEFR, II—478| Modules/Setup.local B IREY A

[spam spammodule.o ]

IRETETIZ H 3KI21T make SREFI MRS . IR ATPATE Modules/ 1 H kMl make, HZ{RULZISEH
# Makefile UfF, )5z make Makefile’ fir%-. (VREHAE I Setup SR B HEERAE. )

URARI BT BB AR, X LEAN AT A I AR B SO HL, 28SE

[spam spammodule.o —-1X11 ]

2.1.6 7 C chif [ Python %}
A5 Rk, FAT—EEE STk Python P ] C pi%k, HSLGERWRAH, #i2H C A Python p&
Bo XAEEVERECTICHA H . WA C O RN, A8 E XA B EALE] .

SEIZMYsE, Python fERERS 2 LU RN, I 4RIE Python pRAGRAL TARMERE 1. (X A TR A @b
Python ZEAFERE N AR 20, R 48R PAZ2% Python/pythonmain. ¢ Hff) —c 7. )

Y H Python pRELAR 5L, 74 5C Python £ /7 BL% i Python pRECNT S . NP A pRE (st RE 1) RS2 8.
L XA R A, 4 R B ARAT Python pRECH S AUF54%T, HEH A (Py_INCREF ()) RHm51 Hit4k,
VRN R RNEAAXR. 2800, WFRET R R e ) —B4)

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");

(B0

21. {#EH C g C++ J'J& Python 11
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(#z E70)
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;

}

B PR B A0 F METH_VARARGS FEARTEM B @ RERS  IXIFFEAL e 77 i & Ao ds 10 3 2 — 7 PRIk o
PyArg_ParseTuple () BEUHSHISOR WA TGk S 4ay o4 —

Py_XINCREF () fll Py_XDECREF () X A7 r B/ /b —AXF 25| 4L, 9F H 24074 NULL $84FH
AT BRAIE 2 4 ((EIE R AR XA R SCH temp ¥$A45°8 NULL), 2 (5 BiES % 7] Al it 4 347

BEJS, 4 IR A, ARFF A C %k PyObject_CallObject () ZREAWNZSEL, EN#ET
G%F, FRIAME R Python X142 Rl Python pR%k, MHZHFE. f’%éﬁﬂ%%z\fﬁ A TedN g, HK AR
SHINANECRE . EAESHE A Python B4, WL A NULL 8(— 425704 Eﬁ~’*’%ﬂlﬂﬂﬂb D"JF%/\
#jﬁgzﬂ Py_Buildvalue () &7EHAME X FERFBREET X EHES M ZAN 82 A& AT R

JeeH. filan:

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) ;

PyObject_CallObject () iB [l Python X 4 3% 4, X 1 &2 Python & % 0y & [ {H.
PyObject_CallObject () &— Xt H S %" %’Iﬂﬁﬁfﬂl?ﬁﬁé” EI’JIZIQ%Z WJ?EP:}‘)?E’JEQE@JLH%?%
¥ F#, H HAE PyObject_CallObject () ZJG 3LEI#if]l T Py_DECREF ()

PyObject_CallObject () MIRMMELIE “F” B: BAZ DAL BABUANS, HIEmT
—‘;'\]Iﬂﬂfﬁﬁl F)§ PARRAEAR *ETE R ATE AR R, IRFREXXMARE ] Py _DECREF (), RIS f3xF By
g fFJ‘jJ]J Xu/\

{HRFERX A2 Hi 1E$EB@~,¢?\% AR EME A2 NULL. QISR 213%, Python pRELS 2 EIFE| K 4
W JH A PyObject_CallObject () [ C i 2&¥E Python HMAL Y, EQ%QEDLEP/\%&%:%&%H,\
Python W F %, DATEMFRERSREFT E{Jff)%lil@fﬂfn B, 81 H 5 Python fRASREALFIZ T8 o A0SR T VAR 5L
AEARE, W Y4EEFHA PyErr_Clear () KigkRE. fFiln:

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

T BAR Rl R g, ARid 2R A2 481133 PyObject_CallObject () o FERLUNIL T SRR
se i Python FEfr S (b, i £ 1 PHL 2 IR R BN R o AR ] AU L X AL 1. 55 Sh— LU AR
BRYE—AB TR G SR Sl Y7 ioul 2 Py_Buildvalue () BREHIE wple. 24617, R
183 — A AR T DA 20 ACAS:
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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) ;

VER Py_DECREF (arglist) FRfEALS L HIEA, FEESIREEZ Bl BADEHE SN HR, i
Py_Buildvalue () ﬂﬁ%%ﬁﬁﬁﬂﬁf JEEEE,

ARV R B IA TR B, RS HAA PyObject_Call () , RELIFFESHM S HTESE. A
i BB, ?ﬂaﬂ]{%ﬁﬁ Py_BuildValue () ReAyihF#,

PyObject *dict;

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

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

2.1.7 R REHHSH

K% PyArg_ParseTuple () WU :

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

SR arg WHIe— A ICHXR , A Python (245 C AN B UBIK. format SR 2 — G TAT
B AT 5% Python C/API F-fi} 1) arg-parsing. FRSHCES AR, FEAUE 5 RSP AFH R R o

ER PyArg_ParseTuple () sxfirlifliig 21 Python 4, AUCHAKIN fesafiury C ASHHhE, IR
B T TE‘E%TWZ’?*F@H’?A?@, /N

FERAT A bR 2 32005 Python X5 A2 15 ka95 1 AZLEBENTHIT T
— R BT

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

int ok;

int i, 7J;

long k, 1;

const char *s;
Py_ssize_t size;

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

ok = PyArg_ParseTuple(args, "s", &s); /* A string */
/* Possible Python call: f('whoops!') */
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ok = PyArg_ParseTuple (args, "l1lls", &k, &1, &s); /* Iwo longs and a string */
/* Possible Python call: f(1, 2, 'three') */

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

const char *file;

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

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

f('spam')

f('spam', 'w')

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

}
{
int left, top, right, bottom, h, v;
ok = PyArg_ParseTuple(args, " ((ii) (ii)) (ii)",
&left, &top, &right, &bottom, &h, &v);
/* A rectangle and a point */
/* Possible Python call:
£(((0, 0), (400, 300)), (10, 10)) */
}
{
Py_complex c;
ok = PyArg_ParseTuple (args, "D:myfunction", &c);
/* a complex, also providing a function name for errors */
/* Possible Python call: myfunction (1+23) */
}

2.1.8 A RBMHXBF SR

K% PyArg_ParseTupleAndKeywords () mBEILITF:

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

arg 5 format %5 PyArg_ParseTuple () MEIIE LIN—8. kwdict X2 2 VER % =S4 Python i2
TR BRI B KB P . kwlist JE S & DA NULL Z5 R FAFERSI R, EHARIRRIES: AN AERH 5%
H format W28 5 BAHDCHL . AR AT, PyArg_ParseTupleAndKeywords () 2R [A|BEAH, AHNR
FUHERAE T 5 | K — N1 4 5

ik EMICAHEM ] KRBT SR TR AR, AE kwlist )R TS FE TypeError 7.

AR B2 KT SR B TR, 325 /2 Geoff Philbrick (philbrick @hks.com):
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#define PY SSIZE_T CLEAN /* Make "s#'" use Py_ssize_t rather than int. */
#include <Python.h>

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

int voltage;

const char *state = "a stiff";

const char *action = "voom";

const char *type = "Norwegian Blue";

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

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

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

Py_RETURN_NONE;

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

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

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

XANRES PyArg_ParseTuple () RAAMRL, AEIUIT:

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

B AT, 5 pyArg_ParseTuple () A, {HE2SH0002 FEA Bt HEE G A A R %L,
AR ). 2R [B]—A> Python %1 423E &1k 8] C R %# F 44 Python 75,

—5 PyArg_ParseTuple () WIANESE, JETHI] AETR ZEA)ZoK R 0] — 04l (Python S HLIR ML ZFEN
ER AR I, Hean T %8 245 HoAth Python pREPAS %L, Py_Buildvalue () HFAREAEMITA, LT
1 AR & A e, T a0 SRS A7 R o 2SR ] None |, — SN B 3R FHA S EU X 4 .
WNSRERER AR B — MR 0 e, s S — N IeEW o, FEEE X FEAE N EIES

BI¥ CZeM2RM, A2 Python {HEZ5R) :

Py_Buildvalue ("") None
Py_Buildvalue ("i", 123) 123
Py_BuildvValue ("iii", 123, 456, 789) (123, 456, 789)
Py_Buildvalue ("s", "hello") 'hello'
Py_Buildvalue ("y", "hello") b'hello'
Py_BuildvValue ("ss", "hello", "world") ('hello', 'world')
Py_Buildvalue ("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_BuildValue (" ((ii) (ii)) (ii)",

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

2.1.10 SRt

TE C/IC++ BT, BT A TT8h A/ BU A RSO heap 4 N AF. 75 C B, it % malloc () fil free ()
K. FE C++ HLZHAE new fil delete SRSCHUFHFAYTIRE

4~ malloc () HECMNAEEL, RZAEER free () BEIF T H MR Z . WM free () ML
PEREE, WERANFRIET free O WS SEATAIE, X ATAAERRF AR AP ISR EOR AN - X
0P AR o AR (] — A7 free () TG, 3 5h—MEE-FRDI, MR A malloc O &1
RRNFF B XM #7454t SR T R ROIIACRI RIS, core dump, FFEREEH, MIRLAIAIBISE .

AR R A R AR A — S8 TP AN DR AU R AR LT FEan— DR s T INAFRAS , T 283158, ARIEREIL
AT, BRAE— SO0 R AR 15 24 T BB T S A I A I A B2 0, ARSI B R BGR ] 1 IXARZE

SACAEIR AR A, Feabe s s g (R . XA TR, — BEIA, SRR IR E DA 2]
R AR R, T BRAC U SO AR E ORI BN B ARG (AR KU A et S8 D it O
BREN A AR L, AR A, e AURS LT SR R R M 2 B iR

Python jfiid malloc () Ml free () W& KRR NAFECAREML, [FFRSS ZEREG0 N TF it AN B F5 6. it
Mk 51 R T dc. HRPR LRI BRI S — TR, TR IS I 0 R G | SR
S, M5 HTTECH 0 I, FoRMRELBAFAERE LT, MEt ] AMER T .

T3 AGE A FH R e, CHING T BB PR MR Bl Bk, TRaX " B2l H AR Pi#) .
Bl b7 3% S O 502 A TR E TR free () o (5 —MEAURSCEE S MR, SATMX I
AXE). SRR C, B RS AR B SR w5 IO R AR AR S (% malloc () M
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free () MAUZEF R, XMZ CARMEHERAD. WIFVEH —Ra MBI A SR mcRs, (EAE
HIRATA G T TR T A

Python (I GEMT RS BE, Wt TORBRIGINGS . DA R GER . X (50 1 Jo s 1H 0 A% kA
BRI TORERS T, X5 VBB — 53 . SRR 4 (TREEE) M5 T4, FrPA
DEEA P AR XTS5 TG A 2 0. SR A5 T ECE TR R e T 5 DR FR P BIXT R, BB WA ER
PG URBIXEER, RGBS TRERASMY S T .

GBI 4 BEDS AT SR (SR ER I BE IR EA ] g BABERML T — Pz f izt il 479773 (collect () B
B0, PARZANBCE S RIS T I A A 25 X D B -

Python 35| At #

AW % Py_INCREF (x) fll Py_DECREF (x) , & AbH5| it . Py_DECREF () th&a7ES| H 43|
BOMREICT S . N T RIG, HASHERM free () , M50 223 2R RFAH. T
XAH A ECHA), AR R B SN R A B S A TR .

BRI AEKIE: ] Py_INCREF (x) fil Py_DECREF (x) ? ATHEHIA—EME. ®AN #HE”
— X5, RATPA RE —AFIR B — A5, —XRNEAECE SCAIAE S NECE. 5IRMIEE
HTATVHH Py_DECREF () , 7E5|HAHEHRER . 51 HIHAE X R AEE#. A =gkt B3a 51
M k. F76%. V8 Py_DECREF () . &icdb & MNIA M5 HSSENTER .

WATPA 452 — AR5 . 5] AN %R Py_DECREF () o {5 H#& WA e A X S
YA FAS B IR . AR &AL B S a M A S A G, NiZseaitn’ .

AR T 5 AL AR AR e T LB AR AR EACRD AT, BB U, o i AR IO 1H0 A7 e 1 X
W i Rl U — SR ER IR R AU _ B ] FTRESAEIA H AL B S R

R RTAZE A S I, P8 Py_INCREF () o XAXPUIC LA WA E RS . XBI=— 0
WG, HETRENIAETT CHlridia & waits 4 B5U0, SR aiia E k) .

HHEHN

MR RG B — BNy, SRR 3% A% A8 E P K R B2 B a5

KEZBEEGR B — AR W51 H, LS5 BMA XK. B, iAol #@ugmmE, f
PyLong_FromLong () Al Py_Buildvalue () , &f&byif X RARICE . EIE RN 5 ARREHIEHT,
RATIER P ASRAR X R BT 5 | o — A58 /& PyLong_FromLong () 43 T —ANRATEMZAE, I AT DAIR[E
BRI HHE -

WZhH— DX ER—IT 2R, B Esg]H K FR, FlU PyObject_GetAttrString() . X
B A IEN, — A K G R 2B S8 PyTuple_GetItem() , PyList_GetItem() ,
PyDict_GetItem() , PyDict_GetItemString () #SEREIMICH . FF. FHEAEHKE]H.

PREL PyImport_AddModule () &M HAEIEIH, WHMA T RES R BIAIEPIXTS: XA 6 A — 4
HHIG| MR EFMEIE sys .modules B,

MRAGEE—XIZ G R 5 — AR E), Gl RS B IR TR AR, #EH Py_INCREF () 3k
AWML A E . XA EZEHISL: PyTuple_SetItem() fll PyList_SetItem() . X4k
B BB XA, WMaad! (4 PyDict_SetItem() NIHFRALZEHER, Hif]
= IEFER).

24—/~ C RHWE Python W I, ST RSEAE G . WHFEPFAXZRATIT, B s w51
A fi S AT DAGRAIE S R B0 0] . I S 05 1 05 | R Sl e e g, b A A 5 D, i
JH Py_INCREF () ,

2ARE G A ARSI AL RAES| R
PRASUIIHEE A VB, SIS S AT AEC R TR, HA AT BRI S BT«
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Python [ A C eREGR [R5 | IS A1 95 | -4 X RPN s EUL i 45 VA i 3

fERSEY K
AOBAEOT, NG IEERICE, (HAI RSB, Xl H e ROV R, Rl RE e E
FURIAE A EX AT

e B AR S DU M Py_DECREF () B|—PJLRXR, WX MXRIGUH A H— 1512070
o BB

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

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

AR S tE I — 500 1ist (0], SRUEE List (1) MMH O, BIGITEMERMIGIN. BRAELEZ
e, HAIRE.

TEFRATER B R EA PyList_setItem () . FIRIAX LA LEMWEIH, HIYSKHE 1 ##RE, &

WEFIRIGAHE 1. MAERMREEGBSE 12— Pw CEWSEE], P Raie LT —1

_del__ () H¥k. R ZELEONGIHTECH 1, BAEZFERRFEHE _del () Hik.

T B2 M Python @51, It __del () JriEnl PAPATAERE Python fCA%. B 275 W PAME bug () HiX}

item PG FHAELIR? 2R AT DA REL A bug () IFIERTTARE __del () HiEVIA, BRI AIT—4

E/ﬂifjﬁl de; list [0] PIRCR, BEX Xz Enma—kgIH, BMars 2R NAE, A
item K34,

PRI, AARANE T BRI, SRS T IR NS TR IER AR e X R

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

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

KR AEERHEF . — R IFRAK) Python B £ & b M BIRYAELTER, A ATE CIEF Il T
KEWE, AFHE A del () HESKW- -

XA ) B P A5 AP A S B SRR R A Fh . i, Python fiRERs HL 2 AN R AR TCEIE AT T I %
7%, NENE SRR E Python X445 10] . (HA] DA T %% Py_BEGIN_ALLOW_THREADS Il b B
XA, EHTAREEH Py_END_ALLOW_THREADS . IXill # [ S87E fH 28 VO W A1, (A5 HAB L AR n] DAYESE
5 VO AR AL BRES . AR, WTF RS IR Z BN —FRAY A A :

void
bug (PyObject *1list)
{
PyObject *item = PyList_GetItem(list, O0);
Py_BEGIN_ALLOW_THREADS
(ZF50)
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(# E30)
...some blocking I/O call...
Py_END_ALLOW_THREADS
PyObject_Print (item, stdout, 0); /* BUG! */

NULL 5%t

W, SN RG N SR KB A AR EAT] NULL 4851, I H YRR S0 (B
PGB DR ) o 3R D055 | T4 R 50H 3 TR A A T S I A& 0] NULL. A NULL S48
A PRI 33K B8 b M 28 3 S B AT T A 0 R A 2 LA R K - AR A BRI NULL, 2 R EORER
TUAKSI I A6 AR IZ A T 1%

AR R AE “YR3K” BRI NULL, BPFERRICE]— AT HE A NULL f9484F, Bk H malloc () i@
— AN RES | & S 1 eR BT BB

Py_INCREF () fll Py_DECREF () XAl NULL #54t — (A2, EfTHZF Py_XINCREF () Fl
Py_XDECREF () A&,

TS E X RIE % (Pytype_Check () Al NULL $54 — FFEHL, A KBRS ELLH X
LET R DR A UAA AR —, A MOTRATIN. AFFAETA NULL A28 14

C %A ?L%'J%ﬁiﬂ*’?éﬁ‘ C MBI SR E ARBlFh args) A &4 NULL - s EESARIEHEZ
H—A e

LATI GRS NULL 4541 “WtEE” 45 Python J PR /g AN ™ E R 4R 1R

2111 £ C++ PR EY RE

FEUTDME Cob A4 L, PURAIR. AR JRER (Python RFERD) FLULT C S S R A EAIGLX
10, sk B AP HRE R RE LT . UL Cor A6 RO BEBE OB A A PO B2k Python
AR G AL BLIA I LB B0 S54RI extern "CY ., TTRAE extern "C" {...) BEF
Python K SCAFIIARI AT, FRNMAE L THS _colusplus MELREAFIINT (FAB Crv
SRS G ).

2.1.12 £ RIERIEH C AP

MY BB 7874 R RIS Python (], (AT I REALH LA AU SR T ABCH A RS BR )
B, — A9 LR n] PASE L — 4~ "collection” 7 L & BUA MIT 1Y . @i 2 Python 1|32, {4y C
APL SUVFY AT IR QM ZAES 9135, XA HHYAR G AT DA — i C e U T4 At ™ RAS e B3 6

TR R AFEEEGRE CoFf Al static), Feftia A3 scrf, PAK C APTISCR . Sibx
EAERTA Y AL 2 S 2 2] Python BRI B2 W] DAIE T TARAY. ARIb ASL S gl vy, — ML
B AT E SO — AMBLBAN AT UL . AT UL AR OB TR E R S8, — LB R GENY Python fEREAR B 1] 42 R iy
25 [6) (140 Windows) , A L8 MIFEGER IR 75 20— A 1 R AMF SR (MBI 752 AIX), s Tk
A RIS (40 Unix Z251). BRERAT-S 02 4 Rl WA, ARESJE I R RE o n] B8 i A 2

SR B RENS AT A WL MUE T R . X RE Y R LR T A SR I Al static , BRT
BEHRRIIRLeR R, SRk 5 HAL Y AR 1 i 44 b 58 (FEBE Ak 7 ik R A s A A FRhig) o X RIIR
BT IR oL R H A 7 SO A R T ) .

Python $2{#t 1 — ARl AL R — 7 b ) o5 — N RS ER f i C 2R (5 B (341): Capsule. —
/> Capsule g2 — M6l T84 (void*) #Y Python #5262, Capsule HfEiH L H C APLRBIEATT, H

4 MR IR RS TR 295 i, XS IEAR T, R RIAAEE TR IR
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EANTR MRAEATH A Python X G —HEglfid . i, EA07T AR S 3 R b fiy 44 25 0] ) — D4 A5

Hopthy FEATHLRE I DA AR, SREUX A PR R I{EL, SR )5 A Capsule FRERHUEE

Capsule 1] DA ZF07 20 C APL 4597 @B . ek B0n] DAJT H © 1Y Capsule, 535 ity C APT $i%f [ A
T A B, B b F & AT 4 Capsule. FEAEFIIREUR ST DA Z R0 20, (L& Pt i f .

TERARBEREMATr ik, PRI Capsule $5 38 MY Z MR 2. BB PyCapsule New () #52—> name
J£Z (const char*); ARG —A NULL MR A, HRATIRIMERARAE E 4 PR IERLcr 44 Y Capsule

PPt T —E s T R 2 A B AT SRR A~ AR A 44 1) Capsule

WH AL, Capsule T2 C APL, HA 7 I iZs fif 4 LT -

[modulename.attributename

]

fEF %L PyCapsule_Import () WA )2 A Capsule $2{ff) C API, {{#E Capsule {4 F-VEECHT .
XAT AR C APL ] FHRAE T 8 B 2 MR A IR C APL

T BN T FeRE R A AT 2 T AR R G S R AR B S, ST ) RO 2 A Y
B IE CAPLIgE (FEXAHITHE AT ) R4 void FREEAL, B FH—14 Capsule F1H.
ESREH N Sk SCPRRRAE T — AN 22 R B RS AR RIS C APL 354 % P imibibh L3R E4E 5 ) C API

Z AR XA E

T BEHUZ X — A 1 a4 ) T FN Y spam BURIGE N . BKEL spam. system () HRE M C K%L

system (), M2 — K% PySpam_System (), XA EREAEIIEL H B IR M — LU IR0 (L
TERR A A HINI “sapm”) . ZPREL PySpam_System () xS 43 Ay R

PR PySpam_System () J&— 4 C pi%k, B HAMRE—FEF=I A static:

static int
PySpam_System(const char *command)
{

return system(command) ;

}

PRI spam_system () B4R B

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) ;

}

FEBHITSK . FE AT )G

[#include <Python.h>

53 ST

#define SPAM _MODULE
#include "spammodule.h"

#define T AL AR EMES FHAOBI, MARE FmR. K2, BRI LR B 75T

WG4k C AP F84 184

20
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PyMODINIT_FUNC
PyInit_spam(void)

{

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

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

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

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

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

return m;

EHE PySpam_API g N static; HMFEEEAEASTE PyInit_spam () AEENE %!
St spammodule . h BR—He TAE, HEXUT Frn:

#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_APTI;

#define PySpam_System \

&)
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(B LE10)
(* (PySpam_System RETURN (*)PySpam_System_ PROTO) PySpam_API [PySpam_System NUM] )

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

static int

import_spam(void)

{

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

}

#endif

#ifdef __cplusplus
I3
#endif

#endif /* !defined(Py_SPAMMODULE_H) */

B AR B RS UT M) PR AL Py Spam_System () BT AU S i@ AE A0 6 Ak pa Kb R e & (9B B

27) 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;

}

BOROT MR, SO spanmodule h ATEA. M08, MEEEGM IS, HALSHRIN,
BR324 ] K.

B 5 BRI /2 Capsule $24IL T AN IIEE, FH TAFAHTE Capsule BLASFREH I NAF S AR A0 5%
Python/C API &2 T} (1) 37T capsules 1 Capsule f1)5E3 (£ Python Y% & 47401 Include/pycapsule.h
Fll Objects/pycapsule.c),

&t
22 HENT REE: HiE

Python ¥4 C 4" JEAEE i PAM Python fURS H ALK, sXARIRNERY) str Ml 1ist KA. Jr
A RIS — L, HERECTIHAZ A, BFHE T L4y X0y SO XX A A4
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2.2.1 Ei

CPython ja4 T T A Python XFRHARILA PyObject * KAAYAE R, X2 A Python XFRK) “HEREIA”,
PyObject ZEM AL LA &SR Wreference count FIRIRT RN “FEBXT G [Wdast. X2 IEITEXHH
Pro JEAUNS G E PR AR LR TR AL (C) R Bh, BN, (xR EAR—AmbE, WH—Irk, 55—
ARIGANRE . XL C RBBRE N “RRTTIR”.

BrEA, BRARAEEEE SO R, T2 QR R 42

AP FE HREE B R AERE, R — A/ IMESERE R, EFE C PR custom HE LT —A14H
Custom fHTZEH:

ik X HRIRP R E X static §7 RBBIFIIE G . Pl PAE & K4 i, C APT tn] DAE SCHEHE I
SRR RERAL, i PyType_FromSpec () BREL, HAEARATTEITHE.

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

typedef struct {

PyObject_HEAD

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

static PyTypeObject CustomType = {
PyVarObject_ HEAD_INIT (NULL, O0)
.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 = {
PyModuleDef_ HEAD_INIT,
.m_name = "custom",
.m_doc = "Example module that creates an extension type.",
.m_size = -1,

bi

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

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

Py_INCREF (&CustomType) ;

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

&)
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(% 50

return m;

X RZS R, X2k TR E—EReits b XA SO LT =
1. —4~Custom MREEHIARETG: X2 CustomObject MK, ‘B4 R4~ Custom L HE—¥K.

2. Custom 9’%’5&5’]4?7@ X CustomType S, B ST — AR R ZCE RS E N I R
BARRER I TR A

3. W EEfk custom@%ﬁ% X2 PyInit_custom BRET NIV custommodule G54,
L2

typedef struct {
PyObject_HEAD
} CustomObject;

Xt E—A~ H E XSRS T INE . PyObject HEAD J& il il TR AR X R G5 (R 2 w58 L —A4~
%M ob_base ) PyObject R FEL, HPEE M5 mBBIXTL MG HIHE F84E (X BE T RAS 31
i % Py_TYPE Ml Py_REFCNT RIX4) o i FH 220 B b A2 R R 42 SR A 1134 12 i b wh fs F B o
FEB.

i HEAET PyObject _HEAD | A 5. BN 5SS E G F RN B8

MR, XFGR TAE PyObject HEAD fEERAN, AN IE: Flan, @R & ST FrifEfY) Python 77 54

typedef struct {
PyObject_HEAD
double ob_fval;
} PyFloatObject;

FALR BRI E L

static PyTypeObject CustomType = {
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

Friks ERMAE CO9 KAKHIRILG L, PAREG S BT A HY) PyTypeObject T, HHPRZZIRATFE X
DR, R AT DA G 56 T B ST o

1E object . h HISLPRE Y PyTypeObject BA WM EESCEZH T B . AN TERaM C HMixdRNE
RIATE, EHIMEA A A EENT, BRARRh L el

TV IE—H 0, BR—DFE
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[PyVarObject_HEAD_INIT(NULL, 0) }

XA dl AR, AR EFREI) ob_base FBL:

[.tp_name = "custom.Custom", ]

AT PR R BAEFRA TR R BN SCA R AL AL BRI R, Biln:

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

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

R AR S 2R, E R R FRAR L i 2R 2 . A PR custom T2
Hijg custom, HIMFKATRRMLFRB N custom. Custom. i f ELIERIHT 5 5 1) S A BN T E/R A 22
5 pydoc fll pickle Wi R A SR EEN .

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

X FEAELE Python JIE 4 A # Y Custom SLHIIMTR ML D AAF. tp_itemsize {UHT AIAEA/NIRS
GMAE AT DL TR R 2% o

ks WORARAY B ARAY I A W] AE Python P 1384k, I HAR A SR BRI B AY B 3K ALH A A R Y
tp_basicsize, IAIRFTRESIBE L HPIR IR, (RAYZEAUAY Python HHAY T RALAIAEH _ bases__
HRFR R R BB e e pi TR, S AE VR RO 2R _ new_ () Dy iERPRFS AS . IRAT DA SR AR 28 8
HA W HER MR KN tp_basicsize (ERBEGX M. FERZRIE, XHEZATVAR), HZE AW
FRRZ object, BANRFE IR EIERANINEA BT, AT IR N

AT kRN Py_TPFLAGS_DEFAULT,

[.tp,flags = Py_TPFLAGS_DEFAULT, J

P A 2B R A E E AT AR T AR IR o 1% HERT S T 2200 Python 3.3 Z i E R FBIM B . AARAR
TEEZNGL, ARF R 2O B R AR EF T OR G255

HATH tp_doc FRAURM—A SR AT 5.

[.tp_doc = PyDoc_STR("Custom objects"), J
PR NS, RAOTUAHRME— to_new AFRZR . XA T Python Jiik __new__ (), {HUAR A4

. TERXFMEN T, FATATLAGEH API 5% PyType_GenericNew () FrifitiyBRiASEoL.

[.tp_new = PyType_GenericNew, ]

7 PyInit_custom() HFHEELACRELASE, SOPFErb i HAth N 2 B ATAR 75 2 B A

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

XAFFRIIRAL Custom A, Jy—Le i SUEETE M AYBOAE, EFRRATIERILGI B4 NULL /Y ob_type.

Py_INCREF (&CustomType) ; |

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

&)
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(#z E70)
Py_DECREF (m) ;
return NULL;
}

RCRHERIS I B B b . AEFRAT T AR Custom ZERAI# Custom SLH1:

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

G R A IR T R R U E 4 custom. ¢ B AR)S:

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

T4 H setup.py ISCHA; SRIGHIA

[$ python setup.py build

%) shell #1242 —AF B F 724 CF custom. so; #E A% H I35 1T Python - 4RI 24 g% 017
import custom FH2iA{#i ff] Custom %4 .

RXFFAME, Rfuh?
MIR, AR EESCREARR IO ERA RN, AT BREARER TR

£47¥: While this documentation showcases the standard distutils module for building C extensions, it is recom-
mended in real-world use cases to use the newer and better-maintained setuptools library. Documentation on how
to do this is out of scope for this document and can be found in the Python Packaging User’s Guide.

2.2.2 EEARGIRMBIEFT E

LEFRA T AN — LE AR AN T R X ARG o IR FHE I AT DAV B . FRATRF I —
ASBLER custom2 UK LET)fE:

#define PY_SSIZE_T CLEAN
#include <Python.h>
#include "structmember.h"

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

} CustomObject;

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

&)

26 Chapter 2. RERB=FTAEIEY R



https://packaging.python.org/tutorials/distributing-packages/

Extending and Embedding Python, A 1ThR= 3.11.14

static PyObject *

{
CustomObject *self;
self (CustomObject
if (self != NULL) {
self->first
if (self->first

return NULL;
}
self->last
if (self->last

return NULL;
}

self->number

0;

}
return (PyObject *)

static int

{
static char *kwlist[]

PyObject *first

if

return -1;

if (first)

tmp

{

self->first
Py_XDECREF (tmp) ;

}

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

Py_XDECREF (tmp) ;

{

}

return 0O;

{"first",
"first name"},
{"last",
"last name"},
{"number", T_INT,
"custom number"},
{NULL} /* Sentinel

bi

Custom_new (PyTypeObject *type,

*)

PyUnicode_FromString("");

Py_DECREF (self);

PyUnicode_FromString ("");
NULL)
Py_DECREF (self);

self;

Custom_init (CustomObject *self,

NULL,

(!PyArg_ParseTupleAndKeywords (args,

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

self->last;

last;

static PyMemberDef Custom_members]|]
T_OBJECT_EX,

T_OBJECT_EX,

offsetof (CustomObject,

*/

(% L30)

PyObject *args, PyObject *kwds)

type->tp_alloc (type, 0);

NULL) {

{

PyObject *args, PyObject *kwds)

{"first", "last", "number", NULL};

*last NULL, *tmp;

kwds, "|00Oi",
&first, &last,
&self->number))

kwlist,

{

offsetof (CustomObject, first), O,

offsetof (CustomObject, last), O,

number), O,

&)
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(#z_E70)
static PyObject *
Custom_name (CustomObject *self, PyObject *Py_UNUSED (ignored))
{
if (self->first == NULL) {
PyErr_SetString (PyExc_AttributeError, "first");
return NULL;
I3
if (self->last == NULL) {
PyErr_SetString (PyExc_AttributeError, "last");
return NULL;
}
return PyUnicode_FromFormat ("$S %S", self->first, self->last);
I3
static PyMethodDef Custom_methods[] = {
{"name", (PyCFunction) Custom_name, METH_NOARGS,
"Return the name, combining the first and last name"
}I
{NULL} /* Sentinel */
bi
static PyTypeObject CustomType =
PyVarObject_ HEAD_INIT (NULL, O
.tp_name = "custom2.Custom",
.tp_doc = PyDoc_STR("Custom objects"),
.tp_basicsize = sizeof (CustomObject),
.tp_itemsize = 0,
.tp_flags = Py_TPFLAGS_DEFAULT | Py_TPFLAGS_BASETYPE,
.tp_new = Custom_new,
.tp_init = (initproc) Custom_init,
.tp_dealloc = (destructor) Custom_dealloc,
.tp_members = Custom_members,
.tp_methods = Custom_methods,
bi
static PyModuleDef custommodule = {
PyModuleDef_ HEAD_INIT,
.m_name = "custom2",
.m_doc = "Example module that creates an extension type.",
.m_size = -1,
bi
PyMODINIT_FUNC
PyInit_custom2 (void)
{
PyObject *m;
if (PyType_Ready (&CustomType) < 0)
return NULL;
m = PyModule_Create (&custommodule) ;
if (m == NULL)
return NULL;
Py_INCREF (&CustomType) ;
if (PyModule_AddObject (m, "Custom", (PyObject *) &CustomType) < 0) {
Py_DECREF (&CustomType) ;
(N30
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Py_DECREF (m) ;
return NULL;
}

return m;

}

(% L350

BB A 5 2 A B
M LBME—INBFA

[#include <structmember.h>

BRI RS BB PER A B, IR ANBATTRE s P il i o

BAE Custom RAUKY C gity Ry =M Edi @, first. last F number .
PEFCIY) Python P45 H3 . number JE 12—~ C AL

X R S5 AR AP Rt B

Herr first Fl last 725 B 3205 4451

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

} CustomObject;

PN BAEFA T Bl 24 B, FA LA/ O AL B R BEARE . 270, RAOTTZA— R0

%

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

}

ERPIR(EL tp_dealloc MG

[.tpfdealloc = (destructor) Custom_dealloc,

B4 e 25 W1 Python JRMEAYE | FITT4L. Py_XDECREF () WJPAIERALFESHCH NULL (S (X AT HE
1E tp_new HIRRINI K A) . BfJG TR XS 2F tp_free i (GBid Py_TYPE (self) 11HGE])

KBS R AAE . TR R AAZ CustomType, PRFRFGH]

A — T2 EBI

it PFEER G destructor 2R AN E L T Custom dealloc?ﬁi"—/\CustomObject *
ﬁ“‘@l fH tp_dealloc REUFREI UL Z—A PyObject * 4. WIARANXAEML, Hidnts ik s

anqFPﬁﬁF]XT%%HﬁégA»f !

A A BRI — DR — DA =S AR, RIEFRATTERME T4 to_new SCBL:

static PyObject *

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

{

BT )
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(B LE10)
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
HAE to_new LA LA E:
[.tp_new = Custom_new, ]

tp_new ACHEZR A TTRIE (MAZWIIARL) ZRBENTS. EFE Python FH{RFE N _ new () HiE. BEA
FHE N tp_new Wi Ht, Lk FFSY RER ST A EN PyType_GenericNew (), #if% i Custom
KRS — AT IAREE . FERIEOL T, FRAVEH to_new LbPRERFF first Al last BHEWIIRIL A
3k NULL [ ERIAME

tp_new SFEZPLHULIIRE (RZERN CustomType, WERPELBIHLIE—T3E) PARAEZIBIH
I AT S, HR B Q@ 326, tp_new ALPREFRRHEZ A EM BT SH, HENSZ
DMK EESR, MRS EAE P et (B C FH) tp_init B Python 1R __init_ pR¥0) J7iEK
AT

#ik: tp_new ANMEWAMIAM tp_init, POAMRGSBITRAE.

tp_new LB tp_alloc MAIK M HENAT:

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

T WA EC AT BB RN, AT AAEGRSERAT Z Hik & tp_alloc ZERHHIAHAN NULL,

ik FANEA BATHES tp_alloc flifi. Mi2&H PyType_Ready () it MR ER B IR H
B, HPERIAHN object . KA FEBIHE T FH BRIA M4 FL R

ik MR MERX tp_new (ER WML tp_new B __new__ (), AR RitfEiz
AT s P T R AT T A S A P PR T3 o 620 e T S LB i AR A T 26 28, FF BRI E
tp_new, B2l type->tp_base->tp_new. URVRAXFEML, IRIGFERIEFELRK H HE i Python
€ 2L Python TR RETCVAIE M TAF. (RKBUL, /R RETCVE BB AR R TR LM 2 25| &

TypeError, )

AT ST — MRS HOR NN L BT AERI IR W) 45 1 R 2
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static int
Custom_init (CustomObject *self, PyObject *args, PyObject *kwds)
{
static char *kwlist[] = {"first", "last", "number", NULL};
PyObject *first = NULL, *last = NULL, *tmp;

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

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

I3

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

I3

return O;

}

ELHTE tp_init 7.

{.tp_init = (initproc) Custom_init, ]

tp_init A Python EFE _ init () Jrik. ERHIRAERVEXRIGR HAEToIIRE . WIiGfas
St MUEM KT SR, BN SAE SR ] 0 IifE A IR [e] -1,

AT tp_new fEEES, tp_init AMRUE—E P B, FEBINGELLT pickle BHUNSAERMFE
LI EPIM __init (). ELATREMZ UM . AR AE AT AERATN G EJIH __init_ () Jiks
P, FANTHE R R IEBORT (E R A% S NG o BRI RS £irst B RIE:

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

}

XA GR . FATHRBEA RE first MARMRA, HILE A DUREMFRIXTR . Enl ATy
A—MPITERAV first WARRMERIIAS: BRI R 2 & A 5 a0 bR
TEHANLAE AFIs TRV RS RTINS R -

N T PRI A T X AT RETE, FATLT- B2 B A 7 15 TR sl ENTEOIRE. 4
IS AT T T DAAN A6 PRI REAI 7

o BIATHBRIES A THEOCT 1Ak
o MFRAVHEXT SR WEAR SRR GIL WAL G B TR FATT A ST AR [ 5 1 B %
o 2 —A> tp_dealloc AbRRER AN SCHFIRFFAIR M 2R AR 5 | VB e
AT RESAERF AT LB R R N . A JUAR T 2T AR X o e ) B T 2 i SO A

VTR ATV A SR AR, TR R T AR RS B A
FHEATR I EATHE tp_dealloc ALERRRH X —HUH], B RFA BB SRR K.
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static PyMemberDef Custom_members|[] = {
{"first", T_OBJECT_EX, offsetof (CustomObject, first), O,
"first name"},
{"last", T_OBJECT_EX, offsetof (CustomObject, last), O,
"last name"},
{"number", T_INT, offsetof (CustomObject, number), O,
"custom number"},
{NULL} /* Sentinel */
bi

HRp 2 i R tp_members Fl{y H:

Custom_members,

[.tpfmembers

BRI E SGERA B TR R WAl . ViR ERR AN SCRY AT ER o TS R R T2 2 3 b 22 Nk
THRPERE . section below for details.

RS 2 — 2 B A PR HERR ] TR B 25 Python J& ML XTSRS B Ipyd . FRATTFI] first Rl last (144 FR
TR, AL BT AR AT 2 Python XF42. BEAN, X S6@ il ] DAREIIER: , F-FF C 541Xk NULL.
RPAEFRATT AT DAGRIEIE 22 158 B e Wl A A E NULL fH, A0SR 28 J& Ml M B £ a 53 475 T 91584 NULL.

FAMTE ST —DEPAYITE, Custom.name (), BERFASGRA TR first 7l last PR .

static PyObject *
Custom_name (CustomObject *self, PyObject *Py_UNUSED (ignored))
{
if (self->first == NULL) {
PyErr_SetString (PyExc_AttributeError, "first");
return NULL;
I3
if (self->last == NULL) {
PyErr_SetString (PyExc_AttributeError, "last");
return NULL;
I3

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

}

BITTEARSEBUE R — %52 Custom (8:class:/Custom [ T-38) SLHIVENH— SR C ikl TrikEae
TR LB DS TR RN A BN R TSR, (AP RN TR EZAL M S HEAT
BRZAAESHOCH SR T SR %7 IR T LA Python Jrik:

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

W ERNLAGE first Fl last MHEHATHEN NULL, K2R EATR ARG, ZEER T ENS
%Eii&iij NULL. SAFRB0E AR B RN R % 28 J& M5 TR A A (B R 1 A 8t o FRATTRFFE ™ — 7 T MR anfer fi =)
X

Ao

BAEFRATE 2o S 77k, FRAFE 2Nk SO AL

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

(HHERIANMH T METH_NOARGS ARG AN 4432 B self PAAMOATATZ4))
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FHRFHIRZ tp_methods F#{i:

[.tpfmethods = Custom_methods, J

g, BAVREEFRA TR BT FEIRAE T2 B2 . RATRE O R B RRATH T B DAE AT A B e Bt
QU X 2R, P AT 55 2 U2 R Py_TPFLAGS_BASETYPE SSINE|FA TSR b

[.tp_flags = Py_TPFLAGS_DEFAULT | Py_TPFLAGS_BASETYPE, }

AT PyInit_custom () B N PyInit_custom2 (), ¥ PyModuleDef S5MAK i R, 7
Wi PyTypeObject itk P54,

WeJa, FATHEFIRAIN setup. py SCHRABGBIBLH .

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

1)

2.2.3 REXTHIBE M EARE

TEATH, FATREXS Custom 7w Bl £irst Ml last JEMEABCE AT EORS AN AT H] . LEFA] E— AL
o, SIS first Al Last AfAREBON AR AT R AL S0 iR . N7 A IRIX LB PRI A 5 775 ER

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

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

} CustomObject;

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

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

CustomObject *self;

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

self->first = PyUnicode_FromString("");

if (self->first == NULL) {

Py_DECREF (self);
return NULL;

BT )
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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, *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) ;
}
if (last) {
tmp = self->last;
Py_INCREF (last);
self->last = last;
Py_DECREF (tmp) ;
}
return 0;
I3
static PyMemberDef Custom_members|[] = {
{"number", T_INT, offsetof (CustomObject, number), O,
"custom number"},
{NULL} /* Sentinel */
bi
static PyObject *
Custom_getfirst (CustomObject *self, wvoid *closure)

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

static int
Custom_setfirst (CustomObject *self,
{

PyObject *value,

PyObject *tmp;

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

void *closure)

"Cannot delete the first attribute");

(% L30)

&)
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(#z_E70)
if (!PyUnicode_Check (value)) {
PyErr_SetString (PyExc_TypeError,
"The first attribute value must be a string");
return -1;
I3
tmp = self->first;
Py_INCREF (value) ;
self->first = value;
Py_DECREF (tmp) ;
return 0;
I3
static PyObject *
Custom_getlast (CustomObject *self, wvoid *closure)
{
Py_INCREF (self->last);
return self->last;
}
static int
Custom_setlast (CustomObject *self, PyObject *value, wvoid *closure)
{
PyObject *tmp;
if (value == NULL) {
PyErr_SetString (PyExc_TypeError, "Cannot delete the last attribute");
return -1;
}
if (!PyUnicode_Check (value)) {
PyErr_SetString (PyExc_TypeError,
"The last attribute value must be a string");
return -1;
}
tmp = self->last;
Py_INCREF (value) ;
self->last = value;
Py_DECREF (tmp) ;
return 0;
I3
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);
I3
static PyMethodDef Custom_methods[] = {
{"name", (PyCFunction) Custom_name, METH_NOARGS,
"Return the name, combining the first and last name"
} r
(N30
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{NULL} /* Sentinel */
bi

static PyTypeObject CustomType = {
PyVarObject_ HEAD_INIT (NULL, O)
.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 = {
PyModuleDef_ HEAD_INIT,

.m_name = "custom3",
.m_doc = "Example module that creates an extension type.",
.m_size = -1,

bi

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

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

Py_INCREF (&CustomType) ;

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

return m;

N T first M last JEfE, FRATIFEN A& SCRREGES AIBCE 23 R 8. AR it T BRI
B first JEIER R

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

Py_INCREF (self->first);

return self->first;
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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;
I3
tmp = self->first;
Py_INCREF (value) ;
self->first = value;
Py_DECREF (tmp) ;
return 0;

}

BRI R BORZ— > Custom M QA —A “HIW”, JFER—ERE. AR, Zafan. (1
SCRPRE B B 4 B ML B A IR BN, 53X ml AR oK SevF— HL PR AR R B s bR AUR B
P B0 H A RS0 o e S B B ) TR )

BB R HIE LA Custom MR PEMMA L. FHE A8 NULL, EXME LT IR IERA R R0
ABEEAR T, AR R P B S AR R A2 FAF R I &5 R — M iR

FAM10E#—A PyGet SetDef ZEMIA AL

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

HAE to_getset A M E:

[.tp_getset = Custom_getsetters, J

1E PyGetsSetDef MR ik )G—2 B EIR “PI”. FEARGIF, RAEAHEHEE, FHIERIMIHE
f£ A\ NULL,

FNTEFE IR T3k L8 Jm My 1 5% L

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

bi

HATEFZN tp_init AR EHH R AVHEATAFR:

3 BUAEFRATVAGE first Fil last i GUARE AR, FRILHLVFRA AT AR E IS DRV HECR bR VG, R, AT TE B2 745 12
S BRI T4 E AN R FATH ST, FA A BEPRAIER I — 55 R T 2R SEBUAR LR FAT TS ZARAT T
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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) ;

I3

return 0;

}

Tt XS, FRATREWS PR first Fl last MHL—@EA N NULL PATEFRATREAE LT i 15 oL F R R NULL
{HRA . XEWRE KRS Py_XDECREF () W H#A A DAR#%5# A Py_DECREF () J#IH . FRATASRE oo £E1
AR ME—3 & 2HE tp_dealloc SEBH, HPHLX LA B AT AL E 7 RELE tp_new HR I,

FATEE A4 T B IG R BRI AR A R B P IR AR, RN T Z BB —#¢, FATIL R setup.
py SCHFASINT — BN E o

2.2.4 ZHHEMLIIR B

Python HA— AT DA RN FERR SRR R 08 R 32 0 =l 35 (GO) RMEENTR S DT RO A . X AE O
SAERRYAEIRG I 24 flan, BeAE:

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

TEXAEFH, RATOET - MEEHA YR LIRMBERTHHE, BRUAEE Ak 3 A S
5. BERSITHTEOFRME NZ . sEiE2, Python FIFIAIIIN RIS i 2 & 0% 51 3¢ 52 T F R 3% - Re
E -

1E Custom RBIRYEE ZARAH, ATAVHMEE LN R AT first 8 last @M. WAL,
R =ANCAR A, FoAiTib o 284k custom, - H PR AGIMER B BT X AN EE ] —,
Custom XJZHR ] AT AJEER :

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

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

TE, BRI B YR G TR S, M PR T DME AMETRE str TR AR A5 | AR R .
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AV AT HIEERN Custom SLBIBEPIERR GC IERR AL, FATH Cust om FAUF EIH FE WA
BN RLFH I 0 — SRR A J I LAl £ -

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

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

} CustomObject;

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

Py _VISIT (self->first);

Py _VISIT (self->last);

return 0;

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

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

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

CustomObject *self;

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

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

Py_DECREF (self);
return NULL;

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

}
return (PyObject *) self;
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static int
Custom_init (CustomObject *self,

{

PyObject *args,

{"first", "last",
*last NULL, *tmp;

static char *kwlist[]
PyObject *first NULL,

if (!PyArg_ParseTupleAndKeywords (args, kwds,
&first, &last,
&self->number))

return -1;

if (first) H{

tmp self->first;

Py_INCREF (first);

self->first first;

Py_DECREF (tmp) ;

}
if (last) {

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

Py_DECREF (tmp) ;

}

return 0O;

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

number),

i
bi

static PyObject *
Custom_getfirst (CustomObject *self,
{

void *closure)
Py_INCREF (self->first);
return self->first;

static int
Custom_setfirst (CustomObject *self,
{

PyObject *value,

if (value == NULL) {
PyErr_ SetString (PyExc_TypeError,

return -1;

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

"number",

n |UUi",

(% L30)

PyObject *kwds)

NULL};

kwlist,

0,

void *closure)

"Cannot delete the first attribute");

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

return -1;
I3
Py_INCREF (value) ;
Py_CLEAR (self->first);
self->first value;
return O;

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

Py_INCREF (self->last);

return self->last;

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

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

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

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

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

bi

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

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

.tp_methods = Custom_methods,
.tp_getset = Custom_getsetters,

bi

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

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

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

Py_INCREF (&CustomType) ;

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

return m;

5, WAL GC HUARES S MIAIAN T X R

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

{

int vret;
if (self->first) {
vret = visit (self->first, arg);
if (vret != 0)
return vret;
}
if (self->last) {
vret = visit (self->last, arg);
if (vret != 0)
return vret;
}

return 0O;

XHFREA T DUIMAIGIR A4, AR SR visit O AL, EoWBibAmPilk. visit () WK
E&ﬁ?ﬁ%%ﬂ%ﬁﬁéﬁi@]ﬁﬁ% WIRISNSHL arg VENH SR, EaR Bl ANMEH O A EL 0 R [m] (4 R 4
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Python #t 7— />0 5 ## B visit AL Py_VISIT() . H Py_vISIT(), AW A&/
Custom_traverse R T/EE:

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

Py _VISIT (self->first);

Py _VISIT (self->last);

return 0O;

i tp_traverse SLIMAUK S HOER iy 44 K visit F1 arg DME(F Py_VISIT() .

B, AT ER TR R R AT ] AS G ERY X 51

static int
Custom_clear (CustomObject *self)

{

Py_CLEAR(self->first);
Py_CLEAR(self->last);
return 0O;

}

TR Py_CLEAR () EHYMM. BRIFHRERRBA LA BT G T By e iy Ho2e 429 07 5.
WERAR B RRAE R IR PR NULL 2 (e )& B Py_XDECREF (), WJEMEMIHTIAE A 1] GE 2 [0 FHR
BEPORE R AU (3] = RS | AR 35) -

i ARV PAE DL R BRI Py_CLEAR ()

PyObject *tmp;

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

Tewe ], AENH % @ i 4G 2 {d ] Nevertheless, it is much easier and less error-prone to always use Py_CLEAR ()
2 R B ORGSR o i A ES I DAEEH A E A B UM AL !

Bl Custom_dealloc Al RESHETHIRIEMERTH L BRI, X EMEIGER GC v] ATE &£ A HR9% il %
i GC U5 N ECR A, FRATFFEEL M PyObject _GC_UnTrack () ik GC % 1FIBEAH KX
%, FHEFKANEH Pyobject_GC_UnTrack () fll Custom_clear EH LI IIBITES:

static void
Custom_dealloc (CustomObject *self)
{

PyObject_GC_UnTrack (self);

Custom_clear (self);

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

i, AR Py_TPFLAGS_HAVE_GC JEARTSINE R

[.tp_flags = Py_TPFLAGS_DEFAULT | Py_TPFLAGS_BASETYPE | Py_TPFLAGS_HAVE_GC, }

REEZEAZ T WRIAMNHE T HEXW tp_alloc ol tp_free ALBEAS, MIFKATH EATXIEERELIR B4
RBEME . RZEA ARG A shiptr s
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225 FI{tH AR
BIEIRA: H A BRI BLR A W RER . A S WIMBEE R NN B BIAk R, R ] DAy (8 & Pir
T EH) PyTypeObject, FEN[RY BRI [A] 3L ELIX 4 Py TypeObject ZEFMA NI FIMER) .

TEAGI R BATRAE— K G A List 8 subList KA, XAHRALF 2 AR MIIE, (HF
WH—DHIMNY increment () J5iA M T EHg N E TR AU :

>>> import sublist

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

>>> print (len(s))

6

>>> print (s.increment ())

>>> print (s.increment ())

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

typedef struct {
PyListObject list;
int state;

} SubListObject;

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

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,

&)
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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;

}

WARFT L, AR5 2 B LA Y Custom R BIHERAHBL. TR B — e 12 e 2 X 5.

typedef struct {
PyListObject list;
int state;

} SubListObject;

JRAE RN G F B2 e TR B X RS R AR 56— M. FRIEALR O A H A5 IR T K46 T
PyObject_HEAD (),

34— Python X5 f& SubLi st (G5B, EAY Pyobiect * HEHH AT AR A IR HEEHN PyLi stobect
* Hl 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;

}

FATATVALE L THIE B QR A2 i B B2 __init () Jik.

XA AE G S B H E X tp_new fll tp_dealloc M AMEANHREE. tp_new MHIAN HEAF
tp_alloc WX SEPR A BENTE, M eibiE2Smid MM H On tp_new RALHE .,
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PyTypeObject L f ] tp_base §i & KBRS IR B K, o T 85 -F & % 15 &% 0 A8, 4R Jo 34 B *F

PyList_Type W5 R EHIAFEIRTEG B R HEETERIRAI UG b o Kb 52 1

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;

WA PyType_Ready () ZHI, FEREMAUHMOEIHT tp_base #fii. JRATMNIALEIRER, &
AFEEH tp_alloc H{IHFE N PyType_GenericNew () -- 3 H R A 43 it BB S 04K
25, A PyType_Ready () FRFERBUGRESIM BN P 3 #2 5 EA) Custom /R fBil2—HEm .
gx

[— RV 1 - =]
23 ENT RER: E9FEEd
ARFATH RSB AR AT DASE B By v S LT BRI TR 4
Xj& C LA pyTypeObject WY& X, Mg T AT IRl @M 5B
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;

(ST )
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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;
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;
(ZEF )
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destructor tp_del;

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

destructor tp_finalize;
vectorcallfunc tp_vectorcall;
} PyTypeObiject;

XHA RS IR HEAZRIL, WRAREE AR, W5 RSBk,

IEARIE R —FE, FATES—— PN SR IR T . DA R A g s R i 5 B ke, B
PABRATAS AR E A TS H PR B SO D Sl w AR 2 2 8 — M S R B 7w Banfl 1, AR
ARE B AR H 2L

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

R4 T - E-ERBEN, SHBERZHTT, JLTEWEE N TISWH . Sl Mra 7, X
TIoWRARE)

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

R BULRIB A TIEA X A JEL B H 0 S T B e D N AF . Python Sy 7RIS K EERYZEH (R
PR, ocdl) HLeNESRF, X2 tp_itemsize FRIFAEMIEH . XM R I AERE

[const char *tp_doc; ]

RHLURAT AT — Be P e (B ERYHUIL) , 244RAETE Python JIZRT I obj . __doc_ Wik WX B SOk
ik
BAERANIRT — T EEALRT A - REBY RIEBURF LB Tk

2.3.1 KEHNRNEFR

{destructor tp_dealloc; ]

LA SLBI G | TR 2> %9 H. Python MR R 2L MU I, RFIR I BE R &R, WRARAY RN Y
TR T ARV B, ARPT DA B L. W RA B SR X BB DA 2 MU R 7R 1) -

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

URARI I SRR S, TR 25 I 24 7R T BT AT B 572 P Be 2 T i PyObject _GC_UnTrack ()

static void
newdatatype_dealloc (newdatatypeobject *obj)
{

PyObject_GC_UnTrack (obj) ;

Py_CLEAR (obj->other_obj);

(BF )
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Py_TYPE (obj) —>tp_free ((PyObject *)obj);
I3

—ANE LR PR AL IR 2 A A R e S R AN S . IR AR EE R R R RS 2 W AR 1 R
M, YRS EREE (MEHREFERED, ANSAEMINERTRERE B 25 AR E . R
AT AR 2 T EE MG N ) Python AT A £ 57 R B W E . X W] B T EURRERR IR PR IR . IEHRY
PRI, AR EIET, RERRE, AEELEREWRE . Hr G PyErr_Fetch ()
M PyErr_Restore () PRECESLZH:

static wvoid

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);

Tk URBEALE R e BP L e PAT R BRAE R BRI, BT, R AR I8 B SR B I [l i (6
tp_traverse Ml/E{ tp_clear), RPN G AT ATERI tp_dealloc MFRIESHALE, HIK, 7E
tp_dealloc !, REGXIRFFAETARERE: EMFUITEETE. ALAHEHEBREN R B APT R (0
TR B TR S AR AT RE S R tp_dealloc, SEUNERMOF KA H.

M Python 3.4 i, HEFFAESE tp_dealloc JELRMALEREY, WM BN tp_finalize KA.
UL
PEP 442 iRt T i A 45 &
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2.3.2 WRET

7 Python #ft, A W7 A 0] DAZE ST R SCAR SR repr () BREHT str () B (print () BB EILM
M str (). ) XLEAIRAR AR 2 TR «

reprfunc tp_repr;
reprfunc tp_str;

tp_repr IR BAZIR Il —FAFER R, K &R e LA ERRIEA . i — M E R 1

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

WRATEE tp_repr APREY, MRS RHRAL— N H2EAU) tp_name FFRTE DA BN 52 ) ME—A5 11
.

tp_str BT str () BN Bk tp_repr AMHIEEXTT repr () —4f; WELEUL, B SHEY Python )
TEAEARBY X S AL BV str O B . EREHYS tp_repr RECIEFAML, (HHAER PRS2
HENEEFW .. WRKIEE tp_str, MM tp_repr AR

N E AR B

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

23.3 EHER

XTI S RHR LR G, M 0T UL T R PO A, ot — e 2

IR (WU E ST (ERTIE) A 9 — RS (AR ALVERCE ) o BRI —

FIPRRRSOL, ZELHEIL B A BR OAFFY NULL.

Python JCFFPIRHRPEALIILE | — SRR PEBRRI S A B S BIL—AMB . P22 e TR b

5 chars (ERRILAR, 17— pyopiect . SRSV T SR ERNE R
B SLHAE—3

getattrfunc tp_getattr; /* char * version */
setattrfunc tp_setattr;

/% ooo *Y

getattrofunc tp_getattro; /* PyObject * version */

setattrofunc tp_setattro;

AR T ) — A A JE AR B2 D A B A (IRXREAE R SCHEATARRE) | AT — 283z J S5 B mT Bl o £ 3t
PyObject* A JEMA R . M Python 2.2 JF a2 % Ja i) Ja PEAL BEER 19 52 br f5 2 LT E 56 4l
K, RAEIRATAEREVEZ W AR B 0 B AT Tz AL 811

50 Chapter 2. RERB=FTAEIEY R




Extending and Embedding Python, A 1ThR= 3.11.14

RBRMER

REHY RBEBEH WigEr:, B4, FtaibEras “fim” e? NFREWE N0
L. 4] PyType Ready () W}, WAHUHIEJEMERIAFR.
2. ANREHFIRI BRI OB R B A REORE , WA TEAMRIR R

LR, HAFRKH R PR . BRI B AR 56 B 16 2Kt i AT AT BR A6«

2 pyType_Ready () #FRHES, & b ZEBIXT4 5| HI A =~ 2R 0 8 B CE 3 2R B0 4 0 7 i
f)descriptor . RGPS TN LB G 00— AN @R . B FREE TR AR =N R4 NULL,
MZ AL A S S AT B AT E R ROk @ M, I HAE R 241k tp_getattro il tp_setattro F
BrRHF A NULL, RASRI h SR b2 B A P 2L J

FPE AR object:: T = ANF B

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

4 tp_methods A4 NULL, WIEAJi$gH—1H PyMethodDe £ MR A4, FHHIEAZ% HAER
TEALGER R — 5L

typedef struct PyMethodDef {

const char *ml_name; /* method name */

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

const char *ml_doc; /* docstring */

} PyMethodDef;

124 R i R T T BER) A TR E L — A2 H 5 IWEERIMAFORRY TR T/ UG H o IR EAEAR M
—AEOMIZEH S BRI AR o IR H ) m1_name FBUAAUN NULL,

B AR R E OB E AW B SR P B A JE . R sn C RN 23508, FF Him oy Xar Ak
Ry . R RpsE SOh:

typedef struct PyMemberDef ({
const char *name;

int type;
int offset;
int flags;

const char *doc;
} PyMemberDef;

For each entry in the table, a descriptor will be constructed and added to the type which will be able to extract a value
from the instance structure. The type field should contain one of the type codes defined in the st ructmember.h
header; the value will be used to determine how to convert Python values to and from C values. The f1ags field is used
to store flags which control how the attribute can be accessed.

DA AR & A file: ° structmember.h *; ‘B2 417 PA{#i FH bitwise-OR 2H & .

8 L

READONLY eSS
PY_AUDIT_READ fEiHUZ mikik—1 object._ getattr_  ®ilZFH {4,

7E 3.10 i A K& A= AF ¥ RESTRICTED, READ_RESTRICTED and WRITE_RESTRICTED are deprecated.
However, READ_RESTRICTED is an alias for PY_AUDIT_READ, so fields that specify either RESTRICTED or

23. BN REE: EFXEHE 51




Extending and Embedding Python, & {ThR% 3.11.14

READ_RESTRICTED will also raise an audit event.

1] tp_members FARAHE N TIa1T AR AL A — A ERAY I GUZAT A A AR 7 30 S PR AT A
1) B 1 A P R (A SCAR AL B R SRR ST P A AR . — B IR Y T PAGET B 8 APT M ZERT SR
fliidds, HEAI __doc_ BHRIRBURY F45H .

5 tp_methods F£—FE, FEH—ME N NULL ) m1_name W§IZ44H.

KBERMEIEER

KT R, 3 H R char* B4 name JE SR char* Fll PyObject* RURSHE 112 (Al ME— X
Sl EXARBISEER FACT 5 R REZ RSB E S, HA HIFE Python 2.2 s iy iz ke, B
BT AL PR R BOR AT Y, BRI A SRR L TR 2 R AT PIEE , IR T AT 202 75 B
tp_getattr AMHEATEN R FHF LM TEME RN A . EHHENTS S —AEM _getattr__ ()
Ty B VR )3 A A T

B

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

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

ML __setattr_ () 5K __delattr () HIEBTSVHA tp_setattr AbPRES. 475 ZAH K
—AEMER, FZANESH N NULL, R AR RS R S E BT GRS e SR AR Y,
tp_setattr AHEEN S P A 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 MRLLE

[richcmpfunc tp_richcompare;

tp_richcompare ALPREFATERT EHAT LRI . BRMT & HERFE, Bl 1t (), o
PyObject_RichCompare () #ll PyObject_RichCompareBool () .

I BRECRE R R A1 Python XfRFZHAFE NS4, HhizH 4k py_EQ, Py_NE, Py_LE, Py_GE,
Py LT 8§ Py_GT Z—. ‘BN 24 48 & 1Y is5F A7 K LB WA S 7 H R VR i R W] Py_True B
Py_False, QIH HEERVERMSL BT I il HADXS G2 Ui i iR [B] Py_Not Implemented, B{E IR
BEE T 58 R B NULL,

NHGEARBIEEL, BRI IAR PR A R/ M S A R A
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static PyObject *
newdatatype_richcmp (PyObject *objl, PyObject *obj2, int op)
{

PyObject *result;

int c, sizel, size2;

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

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

switch (op)

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

}

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

return result;

2.3.5 R IWNZH
Python SZRFZFf b 2 S0 ; AR ARG X 2845 1119 € 118 1 SERATS 72 abstract HH & .

LRI GE R ZHR 2 AE Python SEIBUF A A I W0E i o 5, oy, BRGHAF S HMSON— T iRt 2
Z2 Python L RISy« FABPRSUR JE R AN . XTSRS0k |5 SR8 S i A BRES BIRR A P SR
B IR MM E SO BN G 5 | TR AL BR g ) T et o T BB B PMSCR UEAE T 22X R Frad A B4 M Al
7, FAA — ISR R HE BRI G B2 R e A A . (SUBITR (I A 2 R WIS (2 EE NULL

RTFOL, ATPABCE AR ARG I — R AR AEAE , (HIAS AT AT RE AR AR IE TR )

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

WRAR A BRI X R AT BB — N ECFE . P sk x4, AR E o BICE — AL T C 288
PyNumberMethods, PySequenceMethods B PyMappingMethods, BIZE MR HNE . VRSB 7 35618 24

AEIA X BEEE R . AR AT DALE Python YU K AT Objects H IR EX LR 445 B Y AR B .

[hashfunc tp_hash;

WERAREE SR B BR A, B LY 24 S VR B ST A S IR 0] — AN A B R T — AR B A 7R 1)

static Py _hash_ t
newdatatype_hash (newdatatypeobject *obj)

{
Py_hash_t result;

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

return result;

23. EXTREE: E9%EE
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Py_hash_t eGP T BE-FE AR5 BECRA. M tp_hash R[] -1 FoR kA THiR, Xtk
AE 2RI 24 R AR N A SR IR B B, BT IS AR R o

[ternaryfunc tp_call;

BURRELSHE TR VRIEE B SL BRI, 280k U8, A0SR obd 1 BRI EIEZ AL ST Python Ji
AALE T objl("hello'), NIFFMLE tp_call AbEERE.

IR 2 =55
1. self J2AE AV A HRBGERBSLH] . WRIEHZ obil ("hello'), W self hj objl.
2. args RUZTAMSHWICH. RATAMIA] PyArg_ParseTuple () RIS,
3

- kwds & H B AN AT SRR . R E AN NULL HAR SR T S8, AT A
PyArg_ParseTupleAndKeywords () RIS E. WRARAE LR BT S50 E S 3E NULL {4,
N2s5] % TypeError Iy — MERA SR XS EHE

T2 — AR tp_call SEP:

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

PyObject *result;

const char *argl;

const char *arg2;

const char *arg3;

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

}

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

return result;

}

/* Iterators */
getiterfunc tp_iter;
iternextfunc tp_iternext;

T2 PR FHR A T X AP S R . XA B AR 2 — AN E S, BB ATR)E A ikl g 52691, ik
B —ANEE I o YA RS, BTN BE—A 35 R B NULL. tp_iter Xf T Python __iter_ ()
F¥k, M tp_iternext XN T Python __next_ () F¥.

L Aufiterable Xt RAQWM LI to_iter ALHAR, ALBRGRAAIIIR ] — A iterator X4 . "N ifis2-5 Python ST
FHR [R>S I

o XFTRPASCRRZ AR 2 IUE (g RATTH ), W SRR tp_iter IFEIEIR [
— A HHIE AR -

o HEEHER A% (R T ERBAEA M, FlanscHxd5) nf PAE R B — 8 E
SIS FRSEH tp_iter - I HONILIA W 450 tp_iternext ZbFELR.

{FAiterator 35BS G BFELIE tp_iter fl tp_iternext, —PEMRLEN) tp_iter ALFEESS 243K [0] —
MEIZIERIFHGI H . BN tp_iternext ABRZEE 2R [a]— g ) R ERAVER T — X2 0085 1 H
WA F— XM R ERCRARE, W tp_iternext WPRAIRE| NULL MARE R, S350
A PAFEIR ] NULL 30l #5ME StopIteration; #6n 55 Al AP A BT B . UNSE & 48 T SCBriv)
B, W tp_iternext WY SR E— R IRM NULL,

54 Chapter 2. RERB=FTAEIEY R




Extending and Embedding Python, A 1ThR= 3.11.14

2.3.6 55| AXZH

One of the goals of Python 5575 | H S LK) H AR Z — & R VHMERE RS 5555 HPLHI I A 276 B RR I X4
(Blangs) by sy .

UL

weakref fRER SR .

PO RIEECITEOPOE S e AL

1. 7£ C W &5k a A% 1T T 5551 HPLHIY Pyobject* FB . ZAT A M E S M 411 E R
A NULL CY4{f FHBRAR) tp_alloc HHXRFS HEIKE).

2. ¥ tp_weaklistoffset KA K E N C X R AP R FE WA R, XAEMRERS L RE AiE
QRART s ) AME 0% B

FRAIE, R — U NS G R A g s oy B B 7 B

typedef struct {

PyObject_HEAD

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

DA AE TSP WA SR 2 G P AT I 180 A

static PyTypeObject TrivialType = {
PyVarObject_ HEAD_INIT (NULL, O0)
/* ... other members omitted for brevity ... */
.tp_weaklistoffset = offsetof (TrivialObject, weakreflist),
bi

ME— B W Ah b e 2 R P B 9 NULL W tp_dealloc 5 %3 B AL A 55 51 A Gl i R W
PyObject_ClearWeakRefs ()), :

static void
Trivial dealloc(TrivialObject *self)

{

/* Clear weakrefs first before calling any destructors */

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

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

23.7 EZEW
N 2T A AR S SR SR AR T v, 3 BRI CPython PR . BEA Objects Hig, SRJFTEC
PSR to_ I EARAEZRY A (BIAN, tp_richcompare). RFFHRBIIRAEZE LU e KA H T

MR ZEUE— DX R R ARSI B B AR SL By, 71 PyObject_TypeCheck () M%l. EM
— R BT

if (!PyObject_TypeCheck (some_object, &MyType)) {
PyErr_SetString (PyExc_TypeError, "arg #1 not a mything");
return NULL;
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U
TF# CPython JE{CISRRAS .

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

GitHub |-JF% CPython J5{C#%11) CPython JjiH .
https://github.com/python/cpython

24 B CIC++ ¥ R

—™ CPython ] C §" 2 — AL (Bl 40— Linux ) . so , 33 Windows [f¥) .pyd), H&SH—1
R CRLAIE g

AT S A, LEFELAE PYTHONPATH AR, HAAa 44 G2 7, B ELny . S H
distutils i}, 2 FH 24 BUOERGK) SCEA .

WAL R R AN T -
PyObject *PyInit_modulename (void)
R BOR 7 2 B b A e, B—4> PyModuleDef Sffl, i##5% initializing-modules T 1%

XTFANA ASCH g piie 4, BREULATE PyInit_<modulename> , Y} <modulename> #Fffh A
4 5. 4l | multi-phase-initialization I}, o7l FH 4F ASCI 4 i i BEE 44 . G 464k bR 45017 24 - 2
PyInitU_<modulename> , [fj <modulename> F22L] Python [1] punycode 4t , HEFSFRW N T RIL.
7t 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 DAE—ANEh A L 1 2, i U ARG TS AT 7R B S R B H E TR
DA BRI AR T SO BB BT Sk B, &R 7 —AF Zah 3 48k BT, A PEP 489 TRE 41
RIE

2.4.1 {EH distutils {32 C §1 C++ §' &

PRMLR T DAY distutils SR A, X Python Hi 1. distutils (S FF 1 E “JEHI6, P Jom5 g i3 M
distutils BLRE LY .

—/> distutils W5 T —AIKENHA setup.py o K& 4E Python S, REHHME AR, BEALUT:

from distutils.core import setup, Extension

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

S setup.py , ML demo.c, BTUIF
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[python setup.py build

XL GiF demo. ¢, ARJEAE— YR demo FEH 5k build B KBIT RS, B SCHFSHTER
MFEHZEFA build/lib. system , %5 A]HEE demo. so B demo.pyd

TS setup.py B, IrAIMEMAIDELT setup s, ZRERT A2 Al AR R A X 240, B
BT HAERH T AT, FrilfEEEme e THERErNITEE, PAAEE TENE. @F - 1TMaat
WAL, w5 Python (YRS EL . Xk, T4, 5S4 distutils 19 3CFY, 7E distutils-index & T £
distutils FERM: ;s ANEEST ARREM Y RALHLUY T 4) .

WE T E S setup (), HMEELFRLELIKSIIAS . H L7 E%EL setup () ) ext_modules
SRR YRR, BAE A Extension KAYEH. B FRAYSERE LTV BGHA N demo , ME—
RS SCHA 7 demo . ¢ o

HZmME, WE— I RAEIRNZ , TR TS E SN . AR Bl 1 s T ik,

from distutils.core import setup, Extension

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

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

v
’

ext_modules = [modulel])

Bil5- e setup () EPHINAEOME S TICfE R, SMEFELMUMENINE .. XFTXNY T, HigE T
AL PR E X, include H3%, PEHS, FE. MOHUT ity , distutils b2 ] HAL )y UL (5 B 40 i . B0
16 Unix b, ZERZ 0N giidedn &

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

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

XEFFARTSA TR H iy distatils [ P ZAH(E distutils B2 1E #E FH
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2.4.2 HAIREYY RIRIR

B RO LI, A= 2R E .
R Pl R AR B R, W] DA 2517

[python setup.py install J

B AES P RIS AL BESCEln] Lhs T

[python setup.py sdist J

AEAFOLT, ARV S AT AL S BN SO Xl it MANTFEST . in SCPFSCEL, #F manifest T 40
RIE

TR YGRS BAT AR AR, 4E4PE R ] AR e R AT R . BOR T RMCEG, DU R a2 i —mr A
FIASE MILAT 55

python setup.py bdist_rpm
python setup.py bdist_dumb

2.5 £ Windows t#J2 C fu C++ ' &

X — B T TS Microsoft Visual C++ @18 Python () Windows #JEASH, SR J5 FRHR A ¢ H T AE
PLER RPN 55 B o X Se Ui AP RHR I 38 T T Windows R/ 542 > # ## Python 47 & PA & Unix F2J¥ 5125
Qe AL A Unix Al Windows |34 BE I A BT o

SRR AT (1 distutils D7 sORM A FRAEHL, AN AT ik i 752 RO R C gwiddek
% Python; i %k Microsoft Visual C++,

il XN T 2R E 4D Python iRAN S I SCIF 44 o IXEESCIEA AR IRy XY BYIRAS AU T
SEERH, X RE AR R TR Python KA IR ERUA ST 1Y R IR ACAS . BN, AR AR 2
Python 2.2.1, XY ¥ 22,

2.5.1 iEz\i5EA

1. Windows #l Unix _EMEY RELRAA PRI (1 distutils WRERINEIIR, S&F T aRe,
distutils 7720l TR ZHY RE:; M distutils WEAET 4 R SCRY L distutils-index, Q2R AR % BH
VRIS T T B A, IR AWFFE— T winsound R PERCH A I H SO AT RESARA AT o

2.5.2 Unix #1 Windows Zalfy =%

Unix 1 Windows X U B AT IR 26 7 58 AR B, FEfRel i nl shSmEkny itz i, %
S TR BT AR GE R e AR

1E Unix W, —NIEXEG (Cso) SO a & iR e R G A ACRY A S a7 b ml i 210 ) o 50
IR . 2 SCPFRA T BIRE T APy, RTE SCPFAURS HH sk 28 o BRI R 1 43085 | IR BB F 00 R Y BR 4
AL N AP T E Y S PR e XA e — R AT

& Windows 1, —DEESHHEE (. d11) SO P B BHERIT I . Rl i — AR R I 0 bR Bl i iy
Viile PUtAEs T DLL AU A TEIZ TN AT ol A ots, RIBE LM 1 DLL ik, 7 HAriz
AT R S PE BARS )5 E 1Y R ORI -
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£ Unix o1, HAEAE—RRPESCHR (L2), BERERAZDXIEI (- o) U . (ERIEIE X G T (. so) 1Y
HEREIY B, HERAR ] RE S A I E A ALE R MR R A E M B S AR A A PEA R G S A 4R
B WREE T, SRS AR FN GO BT AR .

#£ Windows 1, FRAEMMEER, FRSENTAE @ RAHEGE . 1ib). FRSHERLIT Unix 1Y .a SUfF; ©
A EELEN AR AR . AR L AUN T a8 RE i PRRr € AR R A2 AR, I B 7E DLL
OIS BT R o OAREERE S AT O TR 3 S A 15 B A $ R DA B (8 ) R B 487 DLL AR Al
Ffo — AN AR ok DLL gedEient, nTRB Al — MR AR, B 200 T AR 5 DLL H Rk i
AT T X 2455 1) DLL,

TERBCARIEAE S PP SN B Al C, AN 3505 — MU Ao 7 Unix |, 18 REKFA.a B4
HEZAMEN B.so Ml C.so; IR FECEHEMMIR, XM B M CHoililA el HSHREIA, £ Windows
b, GiiF A ALY FFREIRIE AL Lib, IR 2 S0 AL Lib RGREEEAR T B A Co AL Lib ARG RL; B
RS RAEs TSN TU A AR fE R

1E Windows |, S AER SBEMH import spam; BibARATPAVIA spam A FR, (HIfFARSA)E
—AHPREIA . FE Unix b, 81— PNEEGRZ from spam import *; Bl —EMEIA.

2.5.3 DLL gyschriEf
Windows Python J2&7¢ Microsoft Visual C++ FFF 7 5 i I HoA g% 28 v fe B i RER 2 TAE. AT iy H 4
A REE X MSVCH++ 1)

47E Windows @ DLL i, {RUAZ50HF pythonXxy. Lib fR458EHAR . B45i%Pi4> DLL, spam Al ni (/1]
spam AR EI C KD, ARM G HEH LA iy

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

AU E T =430 spam. obi, spam.dll fl spam.lib. Spam.dll AL Python R4 (7l
W PyArg_ParseTuple (), {HEMIL pythonXY. Lib A RARIE AT+ 3] Fraf i) Python (5.

AT ni . d11 (PAS L ob] Al L 1ib), BAHIEMATA spam PAK Python R HhAT SCHFH 4K 2 Fr i i)

AR 20 T B AR R R AR BT o H Al AR B (£0FF Python) #RAEA BRI FR AT,
PRIAE | _declspec (dllexport), FLUE void _declspec(dllexport) initspam(void) B}
PyObject _declspec(dllexport) *NiGetSpamData (void) H—Ff,

Developer Studio X INIMRZ VA A HIEFTEIFALE, a4 AR ] AT S0P/ MEIZ) 100K, ZHRBEA],
T I BRI AE A BE IR AR BrE BN . FFIEFIY msvertxx. 1ib ENEI RS L.
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CHAPTER 3

A E KRN FEF RN CPython Z1THY

A, AZEANEAE Python fREAS A LNV AR THIY RE, 124 S5 CPython iz fTHHR A B B 1Y
W ARF o AT T B SE U VR T Sy — 2240

3.1 EHENAERFEA Python

HIJLESHE T A% Python HEATY R, il afal ] C eR &A™ i€ Python HYZIAE. SLad Rtignl AR : 5
Python fir AFl| C/C++ N REFP i R 5 O fig. X AR A AT ALY AR Y Python SRECHIMELLTNAE, i A2
M CH Cr+ . MBAMRE:; HANAVFH i Python %5 — LB, DAGEE il b AR P WAL 7oK e ARt
LEIHE M Python i EERE NS, MLITEA G HCHREX AT

Python IR AR T, HAGE M. AFEZAATET, §7& Python IR LT 1 42715942 Python
fifRESS, TR A Python B EFEF R G5 Python 584 Jo & — T2 W I FE 7 1 S LEFR 43 15 /R < JT] Python
fifRE#R izt T— 28 Python A5,

I, #7EHRA Python, 2R AE H O 3T . WFRRTEBIFG L — B2 W ih 1k Python fiffeds. =/
YA Py_Tnitialize () o A LEREAYIE ] AT 1A] Python f2id ey 4TS48, Z I A R FPiY
AR Any s 758 PR T

P R XA & ) LRP . TT] PyRun_SimpleString () & A—U& Python A FAFHE, AT
PyRun_SimpleFile () f&A—A> stdio SUAFHEEHAI— A S04 (IAEAS R B R EIFIER ) o 8 0] PATA
JHFITTE 7483 4 TR S 48 DR AR 3 - Y Python X 42 .

S U

c-api-index

ARICHEAINE T Python ¥ C #2H . X A KELE(E L
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3.1.1 BEXE#RA

IR TR BT Python i ATE 2 R AR H R 204 0. %38 1) H AR R T—B Python A, T G751
MR B . EAnPAR AR T A R R RAS S AT — Se 4 A

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

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

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

}

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

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

if (Py_FinalizeEx() < 0) {

exit (120);
}
PyMem_RawFree (program) ;
return 0;

}

fEPy_Initialize () ZHI, Wi/ Py_SetProgramName () pREL, DA [HfERERR45H Python i1
ERIEEAR. Bk, Py_Initialize () &x¥J4R1k Python fEERERS , ARG HATAESRAL Y Python J|IAS, FTEDH
HIAFIE . 25, W Py_FinalizeEx () KPAMERERY, BRIP4, FEELMWFEFH, nTRETRZMHAb K
JRAREL Python fHIAS, S @M SCA AR GIRE . SO, s BN . FIH] PyRun_SimpleFile () B
BT PATE S B SO ARER Python AR, AT 48 2543 P 472 8] RIIN 28 SO P 28 X RR T

3.1.2 SEHBBRRERANBIBRS: Hk
7o A% H RE A, IR 7 F A TAL A Python fURS , {H 28 /DSt ml SR A XA JBRIGTRY o Q1 T 2 AT e i, B
S BARGON A . TP ASESBUL AT IhaE, U520 C U,

W%V, R EEARR, A4 & Python A Python [ FRAL 24K, B JLES e i 2 B3 ik 44
AR N THIIX— 4, REidE— A Python 3 C i R AT RM T4

1. *Ff Python y%das% 45y C #83K,

2. AR EEEE AT CREF IR AR I

3. KR AR I it A C 46 Python #45X
X A Python H}, 43 QTS S X REAL :

1. 5 C a4y Python 4%,

2. AR5 BRI T Python 42 1104 BRI H

3. KR TR 1] Kt A Python B4l C 55X
] R A IR T, DA B S AL R ) o ME— A X B AR PR B R e 2 (R
MBI RECRE . FEPATY R, WH—A C R, MHRATHR AR 124> Python BE%L.
A SCRATHE ARG A Python 3453 C 2, 2 MR o ANERE 363 BEAS IE AR 6 1 5 | T A FL e i
T X SeHh )y S RS Y R IAA XA, 3 S5 Wi B E Y ARG BT A5 B
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3.1.3 REHErA

SRR H A2 04T Python JIA KRS eR 8. U8R )2 UCHE LUIRRE, Python f#RESRIH A & B 5
MR BEATACE, (R — 4R A X — A1) -

BLisAT Python A rh e SR &, AURSANTE :

#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;
}
/* pValue reference stolen here: */
PyTuple_SetItem(pArgs, i, pValue);
}
pValue = PyObject_CallObject (pFunc, pArgs);
Py_DECREF (pArgs) ;
if (pValue != NULL) {
printf ("Result of call: %1d\n", PyLong_ AsLong (pValue)) ;
Py_DECREF (pValue) ;
}
else {
Py_DECREF (pFunc) ;
Py_DECREF (pModule) ;
PyErr_Print ();
fprintf (stderr,"Call failed\n");
return 1;
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(% 50

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

}

ERAESEAI argv (1] Hgk Python A, M argv (2] SEEMREL. REMBERSHOE argv £
AR, AR5 60 SRR (AR R AR T HATRFFRAE call) |, I M E$hdT—> Python JHIZA,
Bilan:

def multiply(a,b):
print ("Will compute", a, "times", b)

c =0
for i in range (0, a):
c=c¢c +Db

return c

R EE RN %

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

SUERIM I REIN 5, AR WU PR, HIGR UL 2 1T Python M1 C Z AR, PASARA
Bk R Python AR M BETT 46 -

Py_Initialize();

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

WIE LRSS 2 5, WA PyImport_Import () MZRMA. MBS 21 Python 475, — /M H
PyUnicode_FromString () B4 sk B A FAFE

pFunc = PyObject_GetAttrString (pModule, argv[2]);
/* pFunc 1is a new reference */

if (pFunc && PyCallable_ Check (pFunc)) {

}
Py_XDECREF (pFunc) ;
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JHIA—BEm#se s, #iesH PyObject_GetAttrString () EREMEAFR. WRAAAAE, I HRFEZ
AP S, BRI o R R, SRIE R AR AT, M R SR AU el . ARG AT iR
H Python pR%{:

[pValue = PyObject_CallObject (pFunc, pArgs);

LMK FORI, pvalue T2 N NULL, TSN eRBOR MHE RG] . 556 PR 58 ERE0Z5 1 .

3.1.4 3fix A Python ThEERITYH &

FIHAA L, AR Python RN REVT I I AR P AR LY T BE . Python APL 4" R A FRRRAS KL T
RX—nio WYL, MM HREF RO R BRHRA BRI T . RARVTER A L e, (BB o
ko HECR AL MR T /S8 T Python fiéds . N AR FHIEE—H 1Y, REE—HEKAY
ik Python {Jj X $8 TA2Y, AtAR% 5@ ) Python 4" AR F—HE. fHiln:

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, 0, 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) ;

}

TEmain () REZ HIHEA LRI, HAEHMH Py_Initialize () ZHITHAPA T HAIER]:

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

&

RXPATAEAIAAIL T numargs 288, -l ASK Python f#REAS 1T LAY emb . numargs () ML, HidixX
P, Python AT DASAAT AR #5245

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

TEESCHI N R, XA IRRHE Y B APL 25547 Python (/1] .
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3.1.5 7£ C++ thiir A Python

BT PAKE Python ik AF C++ R s BdIted, SCB7 RO T Crr BRI SN — B C++
%5 FRE, HEH Cr+ GiRg RO EEEAL T . AT C++ HHS1F Python 4L

3.1.6 £ Unix RFhimiF st
N T Python MRS ANL ALY, $REIE 60 19 0 1% S AL 45 i e CRIEERRED) TR 3, Fenl2 ok
Python A FERIHLE DA C BhaSY i (. so 3U1F) mEaseliy.

N T REI TR A A MBS S, WAT pythonX. Y-config A, ‘E/27E 4% Python AL (th
A REFF(E python3-config A ). ZHAFILNSE, KA TN SHLEEAN:

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 H-45 HAF I B0 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

ik h TR Z S Python 24 ARG IR AL (FERIETE RG L BURF B Cgmitiiaz \) , @il A
pythonX.Y-config f§EA NS, W LBIFNR.

WER FIA T ZARMER ORBEARIEXT T Unix 784K GEDEEH bug 45 ), USRI RE X TIE
FERERYSCRY, K EE Python i Makefile (Jfl sysconfig.get_makefile_filename () F|F{EALE)
FIGiIFESE . X sysconfig ey @A A TR, v AgGET IRFHAE BN EE. bn:

>>> import sysconfig

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

>>> sysconfig.get_config var ('LINKFORSHARED')
'-Xlinker -export-dynamic'
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RIEXTHRR

>>>

Python % FAEA R ABRIAPL /R FT o Gl T ATE REAE AR PP S BT AR s B R B 5

HAAT AL

2to3

o MGG ARSI, DARAE—XI LR 2 s (165, riss . RiETE=51%) W,
BAE 8 B s 2 5, A H.3X Python HIERIASR/R AT«

e« Ellipsis NEFE.
KA — 22U Python 2.x ACBFEH A Python 3.x ACHE W) T, 3@k AT P AR sk [y A ok Ak BR
TR AN A )
2t03 IFRIEFE N 1ib2to3; ML A SN Tools/scripts/2to3., £ 2to3-reference.

abstract base class -- fili% k%

G EL PR ABC, JEXfduck-typing kb7, BHEME T —FhE G rng =, Mz R Al T i
W hasattr () B TRIMBSCE RS (Gl H BRI ). ABCHIAT BT, XMtk
ok H HAMZE, (HAMBEERE isinstance () fil issubclass () FriAA; L abe #HEHCEY . Python
HHFZ NEM ABC T SEWBIESH (F collections.abe fledr) . ¥ (¥ numbers Fibk
). W (FF io i), S ABIRIAINEL (7F importlib.abe ). JRATPAGEH abe Hibk
efEdH O ABC,

annotation -- Fxil:

KERBEIHEAN T RENE. REUES SR IBME IR, B2 e Ve R 5 20 2/ SR
SR AR AR B AT AN ), (HA SR AR . B AR B AR T £ M . N R i
__annotations__ FikEM:.

Z: W variable annotation, function annotation, PEP 484 1 PEP 526 , %} I T EE A T4 - 51 2 I annotations-
howto T A FIARYE 1) fe FESE Bk

argument -- 5§

TEYH FH BR BN % 4 function (imethod ) WM{E. ZHor Wik
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o KT A TEREOR A RN A AR RS (BIA0 name=) SCEAE N STERTIA A <+ Y5-I
ME A 28BIKE, 3 A1 5 FELATRXT complex () WM HIJET Kt 7FSH:

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

o 2 E Ade ART RETSHNSI ESHTH T SR ENIT L AR G A ara A
* Witerable LB TCRGAL A 2B, 3 M1 5 FELA R hy g T8 S 4

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

SRS RAE LS BB b B R T B . A IR BRI 23 0L calls —5 . FRAEY:, T2k
JARFTR BRGSO S PRG T L J5y A ko

A B Wparameter RIEFRZH , FIMEH SH5ESHI X HILAK PEP 362,

asynchronous context manager -- 535 |- F 3045 PIYS
PR Sl E X __aenter_ () Ffl__aexit_ () FERX async with iF) PRI T .
i PEP 492 2| A,

asynchronous generator -- 525 1 ik 7%
IR BB Kasynchronous generator iterator Y REL. 'BES5M ] async def & XHMERBAEMLL, RNFEZ
WHETEES yield Rk AL —RFIATE async for JHIHHEHHIME.
WARTEE #2870 AR A bR AL, (BAERLOE AL I AT RE 298 7 A R B RS, IIRFEIEELR
BARE S, 15 2 FRPAERE R L.

— RN RET RS await FiAXE# async for PAK async with 154,

asynchronous generator iterator -- 5335 2 ik 2% 2% A0 %%
asynchronous generator FREU BRI L .

BEXS R & T-asynchronous iterator, 4[] __anext__ () J7iKIR M & [0l — AT SRR SR T
Az i BB PR AR ELE R — A yield Rk

f54 yield RIUGHHEFREALRL, (R4 GEIPIRE (L4 R RATHRAG ry ) 2% 9 &
KBS R BT _anext () PREEI AT S BATGARIRA, &M BTF(RMSINIT. B
Ui, PEP 492 1 PEP 525,

asynchronous iterable -- 5335 n[ {0k} 5

—ANA[PAYE asyne for BRI HMIN 4. OAESER __aiter () FEERE—Aasynchronous
iterator, F§ PEP 492 5| A,

asynchronous iterator -- 525 %105
— AT __aiter_ () Ml __anext_ () FYERINTS. __anext_ () WIIR [E—ASawaitable
X5, async for XA FHEMNIRN __anext () JyEITR BB TSR RN S BB 5] & A
StopAsynclteration B# . A PEP 492 5| A,

attribute -- &

KRB — AR E, WSS FBRIRAFRRE . 200G, RS o HAEM: o WA
H o.a K5IHE.

WR X ALVE, B R E LN identifiers 1 AEFR R4 FR I AE— DX S0 @t 2 aT pAny, B4
setattr (). XFEAYEHRF VA S5 B0k, MR IHE getattr () KR

awaitable -- n[55E4E%} 5
—ANTTAE await Fks MG, ATLARcoroutine SR B __await_ () FEMIMNG. S0
PEP 492,

BDFL
CRBACZEMEET WIS, B Guido van Rossum, Python B .
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binary file -- 3R SC Ak
Jile object RERSEEE 5 145 .. R SCPRR B T-EHE A BERIBIR (' rb, rwb® ok " rbe ) FTIFO
. sys.stdin.buffer. sys.stdout.buffer PAN io.BytesIO fl gzip.GzipFile HJSEH.

TS Wext file TIRREWSIES str MRAYSIFXTR

borrowed reference -- % A 5| H
1 Python [t C APT v, 5 5| —FXREI M, 2SRRI AR IZT I H . WX 8%
MBS A — B8 E . Blan, SR R AT AR B S i )G —A>strong reference R BE

HetZAEborrowed reference FY Py_INCREF () PARFH R HUEAG Aystrong reference, BRAER 241ZA 5 T0H
TEAEAG MR G — R Z i 8% . Py_NewRef () MEUH] AR RANE—AHi i strong reference.

bytes-like object -- 315 U5} 5
I 5 bufferobjects H: H.AE S C-contiguous X4 . X AIEA bytes, bytearray fl array.
array X%, PANFZEE nemoryview X5 FATRN R ATE L fh bR Ed R E DA X st
VERLAE AR . PRAF R 3R SO DA Sl i B e 7 i % o

SRR T AL RO . RO RAE SR PR AR TR ARG R
BT HiE bytearray AKX bytearray B memoryview, HABERAREOR 0t il Bl A7 T A nl A8 5%)
G C RBEFIRMR); EMRGAG] T bytes PAJ bytes X4 memoryview,

bytecode -- ‘7= 1ifty
Python JE A 24215 771, B CPython f# s 137K Python F2J7 I PRSP ik 2 A7
TE .pyc SO, SRERSE IR T IR — SCPRR R R (AT DAGe 205 TR B3 4 13 0 505 ) o X R
WG B TR B AT N ALER S (¥ viral machine 27t W5 ¥ERE AN Python FEfUML_F
AR —EEH, WA—ERETEAR Python fiUA_F 3% .

TR HN R AT LAE dis BRI SR &

callable -- W] 1%} 4
Al RS R A TR iz B R Se, HRTREIT Y — 2S48 (B Wargument), {8 F DA i

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

function, IBATH JEF method 55, BT VAN G KT __call () JIARIZEMEBIHR)ET Al
JiRTE

callback -- [n] )4

—MERSE AL A A DATE AR B9 A 209808 FH ) 1B R R 4
class

FHRAN A o SO SBT3 SCHE R0 B X% R SE B T A E O e o
class variable -- 2375

TR E AR R, I BAURAESE RS BB (AR AEZE ) L B FHE D -

complex number -- £3 %}
XA SRR G Y R, Hoh I SRR R R R — N SR — AN R A R B (-1
FAR) SRR, MEARCFE TSN 1, TR E 5. Python Y& T X E SCRE, RA TR
MO RGBT A 3 R, Bl 3+15 . WURTREE math BIH XTSI 2 SR, E
cmath, ZHIWME A IWB SR BCEE R . WERIRBOCE A 2, ZBSENIHILF R 2F E ]

i) R

context manager -- |- N LS PIZS
Ewith i) PiidE L enter () Ffl__exit_ () FEREBHIHELRSHIN L. S0 PEP 343,

context variable -- |- F 348 1t
—MRIEE TR R SO AR A AN FEEN A . SRR RHRAE P AT & BT AR
HARRMWAS R, Ak, ST ETF OBk, —MUTERET RS EZA LTI, WA E
1) FERE R I R RS AR i TiEER . 20l contextvars.,
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contiguous -- ZE5%¢
—NE R E C i 425k Fortran & B 90N N2 L0 . B2 C I Fortran B2 . E—4E
BT, A 4% H D AHE AR A S HESY . RSB ITF IR &5 i)y . fE24E C-IE2eEd
f%é‘;?” I;\]%ﬁi’@iiﬁlfﬁﬂﬁj‘ﬁ%ﬂii:—/‘f%%lw 0] % H By U e . {HU&FE Fortran FEZL502H N2 H 25—
Ryl it

coroutine -- L
PR T HIRE I — BB, FRIRE T DAYE R — 51&/\#‘@% SR PMREN AT DAEIFZ AN [R] ) 55
EREAL BERWKE . EAEE asyne def iBAPRSEEL. £ 1L PEP 492,

coroutine function -- FlpFEpRI%L
1R l—A~coroutine M EATRE . MERETEN async def iHARE L, HABEEE await. async
for fil async with XK. XLREEH PEP 492 5] A,

CPython
Python 415 5 IAIIESCBL, FE python.org & Afi. "CPython™ —ii] FI F7E L BE IR 0 5B 5 Ho A S B
5141 Jython By, IronPython #H X 1] .

decorator -- 3%y
R UE R 7 — A R R L, BT @urapper BT ARSI TRRECS . e AmAN ) LG dE

classmethod () fll staticmethod ().

PMAREAR FUE RN, DU A eRB0E ST S ESe 45 A

def f (arqg):
f = staticmethod (f)

@staticmethod
def f (arg):

FAEROR SR T8, (Ul F R A . A BRI TR TT 2 0 eR B0 SOM 2858 SR SORY

descriptor -- {{fiiA %3
EAEXT __get_ (), _set_ () B{__delete_ () FEMXNE. B—NKEH AR, B
HIRFRGS AT S TE R PEE IR Bl A . S IHOUT , A a.b RIRHL. BB — @ PER & 7E
a KW FHAERLATN b RS, BAUR b2 RS, WX IARS k. BRI
FIAE 2 2 B Python [y -8, RMIX @ VF 2 B EERr PR AL, HFEREL. k. FHEEE.
Kk BT EARBIEN G 5%
A RAEIARZR T EREZAE L, S0 descriptors 5 FIAZS 5 FH 555

dictionary -- i

— AN RIREH , P W AE R SRER BIAH S A ST DURAEI RS __hash_ () fl _eq__ () HI&
%4, 7E Perl A4 hash,

dictionary comprehension -- “yliLHi: 3,
Ab PR —AN AT IE A G ) A SO JC R IR I G5 R ) — FP R BE H . results = {n: n **
2 for n in range (10) } BN —HE n Bl n ** 2 FBRSHHY AS2 ML . 221, comprehensions .

dictionary view -- = HILF |
M dict.keys (), dict.values () fll dict.items () REIMXIREFRAFHIME . EIHRHETFE
HWAAH A SIE, X EWRE YIRS, R A R A . B B P 5 T A ol EOE
HBI%, Al{# 1ist (dictview) . & dict-views,

docstring -- SCRY 4 H
VERZE . REER 2 NS — N Fk U I AR R e . ETE R T 9 2w, (Hoxwt
AR RO B ITEZS . BRI __doc_ J@MEd. T EWHTRIENE, FIEEICTE
() SCRY R
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duck-typing -- % -390
FE— P gAE WA, B AREEA R AT ROk i 2 R R B A IEMny 2 0, 2 B8 s i 5y
waEtE (“BRRGN T, WERERGN S, I e ") b RIEE: R e A, Wit
RAF A AT e s 2 SR ORI T R G . 1872 BL ] type () B isinstance () i,
(ARG A DU 48 58 % VE MR TE. ) TS R hasattr () K2 EAFP it

EAFP
CSRIEW R EZY)” MY« iXFh Python 3 AU 40 5 XS 2 e B 5 B B M AE . I
TERE SR AR R o XA T P WA i 5 U@ K iEIZ ) try Fl except 141 T HARX ) )
FEFTHLBYL W%, # UL T C 43 2 HAEF .

expression -- ik,
AR FEAME R A OT. AT, — N RBA R BB o KO MFHE. A5, BTN, 2
B R B IC R, ENsAE SR E—ME. 52 HMuEEARE, e iE s e®
Ko MAEEAR BRIV ER B W statement, Bl while. TRIEHE)E THEMIMAER L.

extension module -- § JE ik
PA C 8¢ C++ gn 5 Ry, ] Python ) C API K515 5 0 PA K PRGBS T3 HL .

f-string -- f-2fFH
WA £ B AR AR AR AR B AR I EN E S . S0
PEP 498,

file object -- SL1EX %
K ANATF T ) SCEH APT (A A read () B write () Z5YE) VA FERERX S . Rk HAIET
SN, SCRT G AT DA P B SR se R H 2R B R A sl AR s D ) (1 AnAm v s A/
H. WAEZMIX., BT, BE%). SUHXREPFRN R 28 A
SR b A =R R SO G B G = ) SR, ek = b ) SO DASGSUAR SO, BRSO e Y
TE Lo b, BB TR R HTE 2 UE M open () BREL

file-like object -- SCF20 4
file object W [a] 1A,

filesystem encoding and error handler -- SC %k RS 4% X SR ALY
Python ]k M #4122 Ge A5 15 ER A ) 454 R Ge 4t Unicode 112 AA% 205 B R AL PR .

S R G g A A 2 A RAIE BE B RS K BEAE 128 AR WY FTE 75t . AR SO R G dm A X R
ML AR, W) API BRE R fE< 5| &K UnicodeError,

sys.getfilesystemencoding () fll sys.getfilesystemencodeerrors () PREATHE SR AREL
R G g S A IRAL S
filesystem encoding and error handler &4 Python JE B4 PyConfig_Read () HRECRAECERY: ESH
PyConfig [if) filesystem_encoding fll filesystem_errors ZE{Fl.
F 2 Wlocale encoding

finder -- k%Y
— M E R R AR loader B4
M Python 3.3 AFHEM 2RI AF #8: Lok 12 & X % LG sys.meta_path ffiffl, DA Mpath eniry
finders fitfy sys.path_hooks ffiff].
LT % i, PEP 302, PEP 420 fil PEP 451,

floor division -- [in] | B3R
] N AR R L B R B E s . U BRE B SRR 7/ o Bln, Rk 11 /7 4 Wit
HARRZ 2, M5 AR RE A EIERERE 2.75 o JERE (-11) // 4 2&E -3 F Rk
-2.75 M FHALEINLR. WL PEP 238 .

71


https://peps.python.org/pep-0498/
https://peps.python.org/pep-0302/
https://peps.python.org/pep-0420/
https://peps.python.org/pep-0451/
https://peps.python.org/pep-0238/

Extending and Embedding Python, & {ThR% 3.11.14

function -- pR%L
AT DA A R B B — 2B R . B 0] A HAR ABAS S 2 220 AR BRI TR A . )

TLparameter, method F function Z£37

function annotation -- FRZkR{E:
BT} e BB 2 5GR [HE R annotation

PRATRE R T 200w - BINRA R BN Z S int SHOFHUMR Bl —A> int {H:

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

BRI B YE TE B T I, function —y .

2 Wvariable annotation F| PEP 484, H. A T IhEE. 55152 [H annotations-howto DA T 5 AR AY i
FESZ .

__future__
future {54], from __future__ import <feature> F&/NIiFas il FBH7E K 3 ) Python %& 75 i
BRI AR UE B EEFNE SOR GRS B, future BIHSCRYICSE T AT HRNY feature BUE . @it A
ﬁ?gﬁ%gﬁﬁ?&%ﬂ?ﬁ, ARAT AT BB T R AR A B B O BN E S R AR (3iE) FEf]
WS INL

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

garbage collection -- Ly % [A] 1k
FERCA RO B N AF 25 () g A . Python @i et 5 | I THERI — S BERSAS I AN TREIE 2R 5 | I A A 3R 0
I SRS R ARAT IR I o T PAGE ] g e AR 28 fhl i el i 2% o

generator -- 4 p 7%
iR [1l—Agenerator iterator WIRREL . ERLEARMBEEeREL, AW GTET HAE yield Rk A 4E
— R YA for-TRAE T BT next () EEUE K.
AR A AR R AL, (HAERELE L AT RE R HE £ m BA R E . WRFEIHERBBARE L, w6l
I AEFRDARE G55 S o

generator iterator -- £ 2% 0%
generll[()r I%l%&ﬁﬁ@u@ﬂ@x#%o

B~ yield SUGRIEFAIE, O/ EHAPRES (BIERIERRMEERY ty 1HA) . 4% £ R

RHREWEN, EXMNEFFACELLEIAT (X580 HERATF U6 13858 s 5 IR ) .
generator expression -- /2 )% 75 #5353,

REERAFNFRILX . BREERG - NEEREX, JFERE 1 keyword:/for 41, & X T— Ml

AR JEEFI— TR keyword:/if A1) PANE A RIS NN R R

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

generic function -- JZ % pi %
SRS [A] B 2 28 S B ] B A 1 22 A PRI 2 B PR . U] FH k2 Pl ) SR SR it o I3 050 FH IR A 5
Mo

Wi Wsingle dispatch R1EFES<H . functools.singledispatch () HMfigsPA & PEP 443,

generic type -- {Z %1
M2 pe; WHEA List B dict XA dE. T X257 A,

WEATS N, T B4 4% . PEP 483, PEP 484, PEP 585 fll typing ik,
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GIL
2 W.global interpreter lock .

global interpreter lock -- 4% Jsj fif Bk 253 i
CPython fREgs B R I —FBLE], B ORI 20 A — N ARAE AT Python byrecode, MRS
WCEX R ({04 dict BN ERA) 0T LU MK Z 4L T CPython S, 45881
FEAS B IRERS 22 AR Ty B, AU W T 7E 2 AL B ERYIFATIE .

ANad, BERERE B =07 PR I R BT AR AT T B AR AT 55 0 s 4 s A R GIL
BEAh, FEIAT VO #RAE B2 SR GIL.

PAMERI BT <A A b ROfRERs (REVATEANRORLIE BiUE St 2 iudin) B0%5 i, IRoATEs
TR AL B G PR RE S 2 BN . AN, SOMRIERE M & O Se B AR AR A A 2%, AT i 4
P

hash-based pyc -- K M55 pyc
553 FH St 7 Y S A B P i (T A e i 1 S B T S A UM AT RS 2 A7 3. 2L pyc-invalidation.,

hashable -- nJI5 7y
— AR AR RGN R SE A (BEREEA __hash__ () F¥E), FFRTRAFH AT
igﬁtﬁiﬁ;g%ﬁﬁ _eq_ () HIE) BREEFRN TeA A XS, RIS EL A AH R e A (E
G 2.

TG A PSR SRRSO SR AR B A B, PR DAk S B 2 A P B0 s A fE

KZ% Python HH R AT AL N EXT QU2 Pl WA A i) AR (Blang) Raliy ) ARG A ARl
s (BIMTC A frozenset) (4B IHYTCR I AT MG A A R AT AR & SRS R 3
WA AR ENTERER—2Z AME (B2 S A HR) . e Er BT e
id() .

IDLE
Python ST K 527 2 R85, idle J2 Python ARifE A4 PR A LA 25 0 A R A RE AR FR A3 o

immutable -- s[5 %} 4
HAREEMIXN S . NN R OFENT . PAFRFICH . RN RA BRI A . QiR — A~
ANFEIE, WABEIEBTIX S . BT 25 B S A (R i E mEAEM , Bl b g

import path -- S A #815
HEME (561250 ) HBNGIR, SEBEYpath based finder FiREIR'FABiR. AR, It
PIESRIEHERE sys.path, EXRHBAEBEFTRER B FHREM __path__ J&ME.

importing -- §: A
AL ) Python (RS E A 55— MELHL () Python AR i I )i 72

importer -- 5 A 2%
BRI MBAIRARI R WS RBEE T finder & T loader .

interactive -- 23 I,
Python A — A HAUMERERS, X EME VR AT ATEMRRES I ER R AT T A TE R ik, AR Sr BT
HAFR . HTEAERASEED T R8I python (WA MIE, A ATHENLAY 3= 3 o 3k
BEkED) o 20 R SR BN AR AL — R R R A R T2 G T “help(x)©) «
interpreted -- iR
Python —@MFREAGE S, 52X B EmIFANET , BIRWE Bl T i M disas W AEAE T 2
B . X R E TESCOE ] A AT I A S b B v AT SO st T RRENE F i A
Mg iR A0E S R I AR, (BRHRFAAEITSER . S Winteractive,
interpreter shutdown -- iR REES X ]
WPESR IR, Python fERERRIFH#E A — MRS I BOT BRI A C A Ut IR, Bl A
FhOCERNIREE % . B SZ WA R e . Xk P XATF #8555 | 1] A g AR S Pk
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7o TER B BT R A TS AT BE B B4 A, BB R SR AR TR AL (6 WL 1A 1R
B AL ) .

FEREAR S SR I R A __main_ ARSI A C 58 AT -

iterable -- W[ k%
— R BEAS BN IR [0 H R A X 5. AT IE AT A BTG A P A 288 (40 List, str fl tuple
55) ARSI PR AAN dict, ST 2 DARARAE LT __iter_ () FPYAESEI T sequence i 3L
1 __getitem () VAR HE LERRE.

R RPN T for MRIRALFZ HAMTER E— A FIIH TS (zip O, map (), ...)o H—A ]k
MENEN SR RN EREL iter () I, BELRIEHZXGMENLS . XFIEAEE N TAEEAT)
— WM o ARG AR, REFEARERA iter () 3 A CAHRAIRINR . for iHRS
F B R BEAREE A, B — NI B R Ay 44 22 B ORAEDR RN R R AE AR o 2 Witerator, sequence

Figenerator,

iterator -- JE1CEY

PR FER— RN . BRIV next_ () F¥E @G HAEE N E R next ()
FFBA RGBT 2484 Bl o] S5 & StopIteration . F X Ak A 28 X 5
FEIETEFER, eI _ next_ () FERSHIKE| A Stoplteration, HEALERMA AL
_dter () FEEACRRENZERZS S A Y, FILERESLEWRE A ERN S, T H T HAb T
ERX LB A KIS — D DEFRGIINE AR S L2 R EE P BI85 % (il
list) FEREFRRIGHAA iter () BREEURTE for MHEA A BFER S A8 — TR0 S . QSRR L
T 00T AR A 5 AR I 2238 IR 2 Bk A AR Pl R R ] — s e &2, AR R 2 —1
DR

W25 B £ F typeiter.
CPython SBi4I 15 : CPython %5 45— &R E X __iter () MYEK,

key function -- 3 s %}
PR A R B R A, SRR [ T HE s HEO R E R AT XS . N, locale.strxfrm() A
T — AR AR DR 20 1 HE P
Python g 1 2 T H#F o1 M8 s ORI oo R HEA 5 1 7 0. 48 min (), max (),

sorted (), list.sort (), heapg.merge (), heapg.nsmallest (), heapg.nlargest () PL A
itertools.groupby ().

2 Fh ] LA, BN, str.lower () HYER DAHAEZRE K/NGHEF ) R EL. B
%, BRI lambda FEAFCEMEFIUN lambda r: (r[0], r[2]). 4P, operator.
attrgetter (), operator.itemgetter () fl operator.methodcaller () 24K E ) =11

e AR HEFHET R EA {1 6 e 0 7 1«

keyword argument -- 3G S5
Z: Wargument,

lambda
> B fltexpression A5 B B 24 N IR R AL, FIB A AEVE BB R(E. B0 lambda b8 551 45
lambda [parameters]: expression

LBYL

OEEFRGER” PSS o XIS g S MAS SRR TR A R 2w R A A AR AR X
K& SEAFP Jy =G Rt I, AR AR RS 1 £ 154,
TEZLBEMEY, LBYL e T8 “&F” Ml “BREK” Z W LAEZMS R . flan, AR it
key in mapping: return mappinglkey] AJREH TR A EAEZ G HAMLKAE N mapping H
T key T AR o R RT I S B EL (4 EAFP Oy XORfRY .

list
—Fp Python Wﬁsequenceg _;%ﬁklgjgﬁlj%é, @EE%@M?%@‘L@%*E"J%ﬁgﬂﬁﬁﬂf’%i, B A 15 A T2 A
B 2R O(1).
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list comprehension -- 51| 3 #i: 55X
W B —ASFE H ) A B T R IR B S5 R R — Fh BB YA, result = ['{:#04x}".
format (x) for x in range (256) if x $ 2 == 0] B4 —> 03] 255 JLFE N1 7S 35 18
%ﬁgﬁfﬁ??@% (0x..) FIR. Hr if FAZIER, AREIEN range (256) TR FTA TR S
AbFE

loader -- I# 2%
TTMBRIAIRT G . BOAE X 4N Load_module () Bk, MBS ET H—Afinder 12 8] o ¥4
Z: 1L PEP 302, X}Fabstract base class A]Z: I, importlib.abc.Loader,

locale encoding -- i 55 X I Zn k% =
¥ Unix |, ‘B4 LC_CTYPE &= X g it , BEn[PAiiid locale.setlocale (locale.
LC_CTYPE, new_locale) FiKH.

1 Windows |-, & ANSIARRS BT (401 "cp1252™),

7£ Android i1 VxWorks |-, Python ffiff] "ut £-8" fEHiES KIHHiLtg=.
locale.getencoding () R AIRIRIUE T KA.

1% 2[5l filesystem encoding and error handler

magic method -- AR J5 7
special method W3EIE 2[R .

mapping -- Wt}
— Fh T E B E KR T LI T collections.abc.Mapping B collections.abc.
MutableMapping G H LT E HER AT . R LHF T EHE dict, collections.
defaultdict, collections.OrderedDict PAS collections.Counter,

meta path finder -- JCERFEEE R 7%
sys.meta_path B RINR [ § finder. TCEARE AR Spath entry finders {74E IBAHIEAFHH -

{EAFE importlib.abc.MetaPathFinder [ GRS LM 3.

metaclass -- JtRH
—FhHTEIERMNIE . LRy RFHMEIRS R, RN TR FiR =S HO Y
FI2E . A3 T a0 S B S AT 5 AR PR —ANBRIA SE 3. Python %512 Ab T n] DABIEE B & LT
K, KEDHPKEAFEXN T, ELFEBIN, oS Kmimn o €. 12
TR ES R H &, MR, RS, LR g], PAKHAMGFZT5.
T 4152 I, metaclasses .

method -- J5 i
TER N E R WERAE R LI — B MR, B S REUSE GRS AR R H 2R —
Aargument GBI 44N self). £ function Fnested scope.

method resolution order -- J5 Z: /@i )F
7 SR G 50 A A R 5 B R AR R B W e 5 ) . 1 A5 Python 2.3 At iy T fi#
H 2.3 BGE Python fEAT R B AH X SEE A -

module
X5 2 Python AU —FhZH AR o A BB IS 1 v 44 25 18], FIEL & A Python Xf 4. HEA]
W@ i Limporting BEAERE N7 E] Python H .

5 Wpackage.
module spec -- Bibl Bl

—Aa ], AP T IR X B AFE . )& importlib.machinery.ModuleSpec
5215

MRO

2= Wmethod resolution order
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mutable -- A[ZE%} 4
RIS AT ATEIL 1d () PRAp [ A 00 F el A . 53165 Wimmutable
named tuple -- 2. %5041

ARif “HAICH” W TALMYR B ocdl, BB RT 1 I0 38 BE 6 44 R 8 1R U 1 A 28 2
Fo XFERYFBUERIE T REH A HALRRE -

AL ERR R T A4 T4, 35 tine. localtime () fl os.stat () KERFAIE. % A6 T4

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

FUHZ o RN ERA (B EEmsT) « sesh, BBl 5 I E UM tuple 4k
T SUHE B AR By ok A . XAEZRTT AT TS, siE T PAEd 4K typing.
NamedTuple, B{E M T.] B collections.namedtuple () FAlE. F—M BT IN—
SUF T 45 5 5 N B 224 ST IS RN vk

namespace -- iy % %3 [A]
A IETJET?J?J( SR, A4S AR, ERMNER, AR miREmL SN (FEhE
ZW) . fmBss IEﬂLJiI%LI:ﬁ‘%FFﬂ%EEEZTﬁ%ﬁM& Biltn, PN builtins.open 5§ os.open () A]
A4 B B4 2SR X Ao i 44 25 18] 340 3 3k I A A ke S B A b B5OR 35 B 2 v T i P R T &
P, BN, random. seed() B{ itertools.islice () XMEEH T X LEEEHEH random 5
itertools FEHHISEIY

namespace package -- iy %443 [[]{u
PEP 420 75| A ff— b (LB I VT @0 488 package, o428 LT A S by, SLHiA T2t
Hregular package Nal, FEAEATA __init__.py .

A Wmodule

nested scope -- iR £ 1§
A SGER NG A RGeS . BN, 765 —mREiz e W R ET PAG | BT E AR & . iHHEE
HRENE RN BT | A M AT TC A R s e 52 R T N EER . RUR, 2F
TRNESWER T &Rt 4 25 0. it nonlocal KSR ARIFE ASNZ1EH .

new-style class -- JA R
XFH ETC YA T A EX R R TR IHFRY . 7R85 Python it 4 /\ﬁﬁf FE % 7 H]
Python Ffiiy BRI, W1 __slots__. fiid#s. FHiEJEM:. __getattribute__ (). FKHEME
BHEE.

object -- Xf %
AT HARGS (BYESUE) PAKTUE TR (i) B9EdE. object R ATAAlnew-style class 11 192 5
R4,

1

—FpR] A TR B 5 U M AT S T ALY Python module, MIEAR Fik, BEEE _ path BHEM
Python &,
%2 W regular package Fnamespace package.

parameter -- 5
Junction (B¥E) & X4 Sk, EAE BT DAREZ 1) — Pargument  (BTERLEEL T, 24>
55). HLHGE:

o positional-or-keyword: BB HT, F5&—DATDMERE E 53 e AW DAE R X4 d A%
AW XEBAMTES AL, BIAn IR foo Fl bar:
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[def func (foo, bar=None): ... ]

« positional-only: {{FRAIE, & —H BB EL ARNS . (WRAEITE 2wl i 7 ek BUE X
WIESHNEHENZ IR E A/ FRRES, BIUITRIEF) posonlyl Fil posonly2:

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

o keyword-only: {UFRFEHY, F8E—HEEEL XEAEANSE (UR XA FIE S ]l 2 e R AL
& XS E P& BTN B S AL NN B S Z 1 * KE XL, Bl
T kw_onlyl F1 kw_only2:

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

 var-positional: TSR, $57E 0T DR — LR HCR IO BB SRS (MR 2
EHZNRESIL R XML S LS4 FEIME * e 3, BT R args

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

o var-keyword: WA KR, HEE A DASRBUE R AR B T A (BEITE TR S 2 #3200 5%
TEHZIE). RMESAEEIIETESAPRATMEA ~* K@ L, BIA LR kwargs.

TS AT VALFI N E PTEAN e 2R, ] AS LT e S Hidit s BROAMEL -

W2 Wargument RIEFZH . SEEESHX BT EE L E S, inspect .Parameter 25, function —
SR PEP 362.

path entry -- J%12 A Il
import path W—NHPALE, S@ipath based finder JIR AR E N HIREH

path entry finder -- #§1% A 174K 5%
F—RJE AN Z ] sys.path_hooks (RBipath entry hook) 1 [Bl ) finder , WARSt S GEM iLpath entry F
SE DA .
5% importlib.abc.PathEntryFinder DA T #BKIEA D EIRA I SLIA AT

path entry hook -- #&4% A 14T
— RN, B AESNIE WA A R A S path entry FP ARSI AR L R BEAZ{F ] sys.path_hooks 4|
iR [Bl—Apath entry finder .

path based finder -- 3£ T B2 A HE 55
BRAIANR)—FP U812 5 K55, WAE—ANimport path W FEAERL

path-like object -- J{ 12k} 4
RFE— DRGNS . BRI R A L — N FR N str 5 bytes X4, 0] P —
AP T os.PathLike MM BINTS . — % $f os.PathLike M A% 2 Al 378 H os . fspath ()
PREGE R str i bytes RN XM RS HAE; os.fsdecode () Ml os. fsencode () A4
RIS str 3 bytes RBIRKLER . X4 2 PEP 519 5] A1),

PEP
“Python M45RFEIL” ML E . —4> PEP S@— it SCkY, FIok1m Python fhIXFRML(F ., Bk
—~ Python e S At FE s 3R 5E . PEP |3 24 A B 114 57 A B A1 T $ DU 1) B B
PEP [/ A th F2 B s R A DN 10 S 158 A S A 25 Python BT R 90 5
SCRSA ML . PEP [IVEE A TATAEAL DX N 1, I BOREAR [R]3 ILAiE A SRy
Z L PEP 1,

portion -- ¥4y
FA B — A1 44 23 TR Y B B S SO S (AT REAFRCT —A> zip X)), BdkE UL PEP 420,
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positional argument -- {3/ % £ %
Z: Wargument,

provisional API -- £{5¢ API
B APL 25 0A EHERTEARE R ) S 3R A E IR UEZ A . g 11 o BRI R4 1l A 2 7
AERUCE, BRBEHPNCHE E, 3R O L& i e A W B E LN 3T 10 5 RN SR R B
W (EREFERBRRZEE ) o WA EMOP A SRR HAT - U APT R IN A Z 1l & 25 JE 2 1) 7 L v
R P A I A 7T BE 22X AR
RIS @ X APT R UL, 05 AR B S il B eI 287 — 1Al A R B oA B
PRI Ve e Ry TR EY E:h g N

X APAE BRI AR FRVFRE PR RS AT HE , AN 2 T MR RIS T BRIG BT IN . 315 I PEP 411,

provisional package -- #7 ¢,
Z: W provisional API

Python 3000
Python 3.x RAGELIIIER (X A4 FAERA 3 Y KATE BB BR e Bl T) . A s
y\j (prsk” .

Pythonic

P B BeAURD S 1 Python 5 5 W M AR AN B, i A2l P HEAthi 35 rd i AR
ALY . BN, Python % H XS Ml for EAMRIRIM I — A nT AT R T a IeE .
VR HAWTE 5 B RS5O GE: Python B A I B 6 — ey s

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

L

TR I Y B 57 5 B Pythonic (177 4R X FEY:

for piece in food:
print (piece)

-

qualified name -- [l 5g % B
— PSS BRI AR, s ME 4 R VR S B s e SR RN BRI VA) “BEAR
FHRE LI PEP 3155, X TR 2R R ORI 2, BRE AR S X547 —2

>>> class C:
class D:
def meth (self):
pass
>>> C._ _qualname_
ICI
>>> C.D.__gualname
'C.D'
>>> C.D.meth.__qualname_
'C.D.meth’

.

295 T 5 B, 7 TROE & AR BRI PSS o TR R B A, Hrh S A AL
H, Bl email .mime.text:

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

reference count -- 5|14k
RPFEAXTZ B 5 R . S4— R E5 1 T B, BRREE. 51 4o Python AU %
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VLEF R ALY, HXIECPython LB — A REICRK . FEF RATATAM sys. getrefcount () bR
HOR R IRFE R G5 VR

regular package -- % ML fL
fegi M fipackage, BIMMALEH—4 __init_ .py XFRYH .

%2 [ namespace package.

slots
— P EAES B I, 38 A TS R R S 1 SR X S RS B S R T I AE . BRI R I AR
WAT, (BT AFARS, Sife RREEDBIENL TR, GlatkFENAr Y, FHH
Hfl B R S
sequence

—Phiterable, '©ZFFEE __getitem () FEER VAR BECES TR IR VI, I X
T—PREFIHER __len () J7ik. WERFIIEEA list, str, tuple fl bytes %, HE
BEHRR dict HHF _ getitem () fl__len_ (), {HEBIAZABENHIETS, B AT AT
Bimmutable FETM AN ERBECEREHRITE .

collections.abc.Sequence IZHEXEN T —TMEFEERNELD, BAE __getitem_ () FI
_len_ () Z4b, BEIT count (), index (), __contains__ () fl _ _reversed_ (). ZEF
WY R O RBIN DA register () SREAMAM . BIRECE 28 H 72 B E L2 308, 155
e 3 AR

set comprehension -- 45 &S
A FR— AT IE AR G i I A B Ay TR IR IS R E G — R BB B k. results = {c for
c in 'abracadabra' if c not in 'abc'} ¥ERFEFRES {'r', 'd'}. 0 comprehen-
sions .,

single dispatch -- MR
—Fgeneric function 53YRIE, HIELIRET BANSEIERBORIERET .

slice -- Y )i
W AL TR sequence —F M4 . U)ol i R ARbRC R a8, 78 11 Tgs LA
B S0 Mr%cE, Bt variable_name([1:3:51. H9ES (ThR) FRCtENFET slice X4,

special method -- $§5k Jj i
—Fireh Python BRI 753, FHRXSIEA BRI TR E BAE B ANAR NS5 5% . XA R 24 AR E R
AU RILR . FFIR TR SO S L specialnames .

statement -- j& 4]
EARRBTE (— MU “H) MZBERN . — 2B )R] DA —Pexpression SN KBTI 250
BN if. while B{ for,

static type checker -- F 25 7 75
PLHL Python ACH I 4T3 4, DARRSR BB G QP S A5 R ANE TR . 55iES 5 L 2427 DA typing
Bk,

strong reference -- 5t 5 | JI]
1 Python [fj C API v, 585|238 AFEE 5| AR A T 20951 . E0ES | R Bl @ a7 A
Py_INCREF () SRIRHERG| H MAEM RS | Al Py_DECREF () BT .
Py_NewRef () BRELATHEH TOIE— X mg H. #E, UOTEREFA RS | H B9 1E 8 7%
55| LA Py_DECREF () A%, DAEEGS| A .

g2 Fborrowed reference.

text encoding -- SCASZid % 2
& Python 1, —A4FH3 2 —Ht Unicode A4 (FEREISH U+0000--U+10FFFF ). N T ARl 4 —1>
TR, EHREYF I —HR T

R NP F I — PRSI A", AT T8 BB Q@ AT R a7
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ARFAE RSO FFIE Fibdds, BRGNS G

text file -- SCA Lk
—FhBBIE S str XF4M file object . 38 HE— A SCAS SO S B A 17 0] — N T ) 217 1 B o 0 B s b
Htext encoding o A A T EIEVASCARZ (" 8 "w' ) FTHHI U, sys . stdin, sys.stdout
PAS io.StringIO SEHI.
RS Fbinary file T fREEVGTES F 9 2ot % ) SCHEXT 4

triple-quoted string -- 5| 'S 2fF
HRESW =AESENES (7) 83 ¥515 () WS eNEDR LS E RSN -5 5t
TFEREFE 2R, HEa MLk ENARFIREFZSFENEERERK LB SFfNE] 5, HfH
A ABSER 2 AT o i MU AT, B S SR AT SR R BT A .

type
FA P ig —A> Python X R T2 M FMXEAEA ML, BRHEEXZRMZEE, aTRAVHE
) __class__ J@PE, sU2iEN type (obj) HRIKEL.

type alias -- J3%Y3j]
—ANRB R S, B SR R AR 25 R AR R4
RAUNAWIVER 2 Rife 2 202 4% . fBilan:

p
def remove_gray_shades (
colors: list[tuple[int, int, int]]) -> list[tuplel[int, int, int]]:
pass

AT DARCRE g L

Color = tuple[int, int, int]

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

L

Z )L typing fll PEP 484, H A3} b Dh BER AL .

type hint -- 5% 7§ /it
annotation 78 & . KEM . BEWIESLHREERS € TUHRIZEA,
RN VLRI AS &2 Python 5l 2K, (HEATN# A X240 & 5 RBEA k. EN1iL6EHB) IDE
PSRN S EA
L JR7e . RIRMHEMRE R M LA typing.get_type_hints () K5, {H)HAL &N
AHPA.
Z: I, typing fl PEP 484, gl G BE R AT IA .

universal newlines -- i {17
— PR SCATR B A, RFA R A A S ERR BT T A AR - Unix B9FT45RZ0%E ' \n' . Windows ]
215 "\r\n' PAMIHR Macintosh 25 "\r', Z i, PEP 278 1 PEP 3116 fll bytes.splitlines ()
T 2 R UL .

variable annotation -- 2 Frii
SR B B 2 B ki annotation.,

TEARHEAL T AP, W] ek HR A

class C:
field: 'annotation'

AR R FE O AR R A - BIANDA N A B2 int JEAUROME:
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[count: int = 0

AR AR ETEYVA YN AR RE I annassign —7 .
2 W function annotation, PEP 484 1 PEP 526, .3 T IlThfE. 53125 annotations-howto DA T (i
AR B RS B o

virtual environment -- jiZ ] 435
— R HPIMER R S THIEREE, fuif Python H PRI AR P AE 425 FIl FH4) Python 73 A AL B AR 21
W —FR 5 izt HAh Python N FIFRF 4T H -

W&, venv,

virtual machine -- 2§41
— B BT E TR Python HEHIHL AT $0F T35 i i I A i bytecode .
Zen of Python -- Python 2 fift

G Python BEit i RN 5324, HHITHMSHHXFES . &5 HEKRNEEL AR
B AN”import this”,
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APPENDIX B

i A

XY Z H Sphinx A reStructured Text J§AE B, Sphinx j&— % AL H Python SURY T 2 5 1) SCRY AR GRS -

SR BT P R, WAET G2 %1, TR Python A% 5. ML AR B ARt BER, 52
reporting-bugs | A2 5. FeA KA YCD By ¥ |

RN it -
o Fred L. Drake, Jr., J5i4f Python SR T HAEZ Q5% , ARE 2 M
o JHF4# reStructuredText Al Docutils ZA44:f#] Docutils T H ;
« Fredrik Lundh [#}] Alternative Python Reference 31 H , >}y Sphinx $2L/F 210 5T

B.1 Python JC#ipYaikE

ATRZ X Python i575 , Python AifE %Al Python SCRA GTRREY A, Bl Python JATHS 7 A f) Misc/ACKS SC41
T TRk

AT Python #:[X it AFITTHR, Python A4 T Ak €0 SOk ——5HEH A4 !
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appeNDIX G

5 FFATIE

C.1 ZHHFrIm s

Python H fij 22§ FT AR 9222 (CWI, I, https://www.cwinl/ ) ) Guido van Rossum - 1990 4E A,
W, fER—TT0M ABC B S AU . R4 Python A4 T2 2k B HA A TT#k, Guido {52 H &
BEH.

1995 4E, Guido 7£#52 Je WAN B E Z A 5T 22 7 (CNRI, 0, https://www.cnri.reston.va.us/ ) #k&EAth7E Python
AR, HAEABEAAT TR Z A UA

2000 471 H , Guido FI Python #%.00FF & |41 BA#4 %] BeOpen.com {247 T BeOpen PythonLabs [P\ . [F4E1 H ,
PythonLabs [#] A %% | Digital Creations (¥{ >}y Zope 2215 U, https://www.zope.org/), 2001 4, Python {44
2% (PSF, I, https://www.python.org/pst/) J57, iXi&—A~% A4 Python AH 5 HIH =R A @ i FIH 2 .
Zope AT IIAE /2 Python 3Ry EL G S e B 51«

JTA 1) Python FASHS IR (A IR & X2 7 https://opensource.org/ ). Pisi I, #iKZ%L Python it
AJE GPL AN FRELE T RAMAEN .

RMRA  RE F1n FEE GPL 3% 7

09.0 % 1.2 n/a 1991-1995 CWI 2
132152 1.2 1995-1999 CNRI =
1.6 1.5.2 2000 CNRI &
2.0 1.6 2000 BeOpen.com {5
1.6.1 1.6 2001 CNRI w
2.1 2.0+1.6.1 2001 PSF w
2.0.1 2.0+1.6.1 2001 PSF =
2.1.1 2.1+2.0.1 2001 PSF =
2.12 2.1.1 2002 PSF =
2.1.3 2.1.2 2002 PSF 2
22 R 2.1.1 2001 4 PSF B
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%3k GPL #6409 R 140k #% Python 76 GPL F %A, 15 GPL AKlil, Fi Python Vil HER FF (4 % 16 80U
HOSSAS, T T TFURPF O 5. GPL 3V IG5 Python 1T DL FUEEAE GPL R A Uk P4 £ W
IS RV RTHE AT o

S ARZAE Guido H55 F TARRSMNESG IR, (XL A A AT BE -

C.2 FRERs( LAIE M5 & A Python BZRFRF0FMF

Python A SCRS ) V7 RT3 BT PSF 4 =T 1350

M Python 3.8.6 JF4f, SCR{HFAYARGI . BRAEHE S AIHARACAS R A2 PSF VFR] PSRN 5 25 2 BSD 4 +T HYME
VAT

ST Python H BB RET AR VFAT . X EEVF ] 2 SV VF AT 2 R AU — [ . A X 2]
A TEREG | RAF S Pl F Ak Pl 75T 5B,

C.2.1 FF PYTHON 3.11.14 &Y PSF ¥F o] il

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

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

3.11.14 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 3.11.14 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 3.11.14 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 3.11.14 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
3.11.14.

4. PSF is making Python 3.11.14 available to Licensee on an "AS IS" basis.

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

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

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

USE OF PYTHON 3.11.14 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 3.11.14

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

MODIFYING, DISTRIBUTING, OR OTHERWISE USING PYTHON 3.11.14, OR ANY.
—DERIVATIVE

THEREOF, EVEN IF ADVISED OF THE POSSIBILITY THEREOF.

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

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

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

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

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

third party.

8. By copying, installing or otherwise using Python 3.11.14, Licensee agrees
to be bound by the terms and conditions of this License Agreement.

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

BEOPEN PYTHON FFiE A P55 1 R

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

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

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

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

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

&)
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(% L350
This License Agreement shall be governed by and interpreted in all respects
by the law of the State of California, excluding conflict of law provisions.
Nothing in this License Agreement shall be deemed to create any relationship of
agency, partnership, or joint venture between BeOpen and Licensee. This License
Agreement does not grant permission to use BeOpen trademarks or trade names in a
trademark sense to endorse or promote products or services of Licensee, or any
third party. As an exception, the "BeOpen Python" logos available at
http://www.pythonlabs.com/logos.html may be used according to the permissions
granted on that web page.

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

C.2.3 HF PYTHON 1.6.1 # CNRI o] tipi¥

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

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

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

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

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

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

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

with respect to Paragraphs 4, 5, and 7 of this License Agreement. Nothing in
this License Agreement shall be deemed to create any relationship of agency,
partnership, or joint venture between CNRI and Licensee. This License Agreement

does not grant permission to use CNRI trademarks or trade name in a trademark
sense to endorse or promote products or services of Licensee, or any third
party.

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

C.2.4 HF PYTHON 0.9.0 E 1.2 ) CWI #F o] HipiY

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 3.11.14 DOCUMEN-
TATION

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

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

C.3 WrRER Ry o] S8
AT Python B ATHL LA S =y BOPb VAT RIECAIT A, AT AR A 28 FLR I 9.

C.3.1 Mersenne Twister

_random A E E T http://www.math.sci.hiroshima-u.ac.jp/~m-mat/MT/MT2002/emt19937ar.html T 2 113
. ARG s (FF):

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

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

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

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

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

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

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

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

Any feedback is very welcome.
http://www.math.sci.hiroshima-u.ac.jp/~m-mat/MT/emt.html
email: m-mat @ math.sci.hiroshima-u.ac.jp (remove space)
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C3.2 EEx

socket ffiffl T getaddrinfo () #il getnameinfo () WIDE I H AYAS [A] Y5 S A https:/www.wide.ad. jp/

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

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

modification, are permitted provided that the following conditions

are met:

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

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

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

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

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

C33 RLEEFRS

asynchat fll asyncore fEHEE DA R EH:

Copyright 1996 by Sam Rushing
All Rights Reserved

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

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

C.3. Wi HaYiF o] S5 H N
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C.3.4 Cookie &8

http.cookies Bl &L FFEH:

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 DA I

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#§

uu AL DA AR

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 23 =R A

xmlrpc.client fEHEEPATHH:

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

&)
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ACTION, ARISING OUT OF OR IN CONNECTION WITH THE USE OR PERFORMANCE
OF THIS SOFTWARE.

C.3.8 test_epoll

test.test_epoll B & PATULHH:

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 fH T kqueue B3 AL E DAF A HH:

Copyright (c) 2000 Doug White, 2006 James Knight, 2007 Christian Heimes
All rights reserved.

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

modification, are permitted provided that the following conditions

are met:

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

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

THIS SOFTWARE IS PROVIDED BY THE AUTHOR AND CONTRIBUTORS " 'AS IS'' AND

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

OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT
LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY

&)
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OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF
SUCH DAMAGE.

C.3.10 SipHash24

Python/pyhash.c 3441 { Marek Majkowski’ X} Dan Bernstein [/ SipHash24 S35 S8 . &85 AR :

<MIT License>
Copyright (c) 2013 Marek Majkowski <marek@popcount.org>

Permission is hereby granted, free of charge, to any person obtaining a copy
of this software and associated documentation files (the "Software"), to deal
in the Software without restriction, including without limitation the rights
to use, copy, modify, merge, publish, distribute, sublicense, and/or sell
copies of the Software, and to permit persons to whom the Software is
furnished to do so, subject to the following conditions:

The above copyright notice and this permission notice shall be included in
all copies or substantial portions of the Software.
</MIT License>

Original location:
https://github.com/majek/csiphash/

Solution inspired by code from:
Samuel Neves (supercop/crypto_auth/siphash24/1little)
djb (supercop/crypto_auth/siphash24/little2)
Jean-Philippe Aumasson (https://131002.net/siphash/siphash24.c)

C.3.11 strtod #0 dtoa

Python/dtoa.c CHEAE T C BK%L dtoa Fl strtod, T C XUKE BEBUEFI A5 Z I 640, EIRA: A |
David M. Gay 9r 519 [a] 4% S04, H BIZ SCERTHE hitps://web.archive.org/web/20220517033456/http://www.netlib.
org/fp/dtoa.c i) 7E 2009 4 3 H 16 H A2 B i 4f SO0 AR BB R] 7 B -

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

The author of this software is David M. Gay.

E O

Copyright (c) 1991, 2000, 2001 by Lucent Technologies.

E I

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

*
*
* THIS SOFTWARE IS BEING PROVIDED "AS IS", WITHOUT ANY EXPRESS OR IMPLIED
* WARRANTY. 1IN PARTICULAR, NEITHER THE AUTHOR NOR LUCENT MAKES ANY

* REPRESENTATION OR WARRANTY OF ANY KIND CONCERNING THE MERCHANTABILITY

* OF THIS SOFTWARE OR ITS FITNESS FOR ANY PARTICULAR PURPOSE.

*

*

**************************************************************/
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C.3.12 OpenSSL

RPN E R GRS, M hashlib, posix, ssl, crypt Bies{#i ] OpenSSL i3k E 4 EE . 4, Python
i) Windows Fl macOS 2352 /7 n] g 2>t 45 OpenSSL W RIAS , T PAFRATTHLAE L6245 —15 OpenSSL 1 HJHIE
AlA . T OpenSSL 3.0 it S H G Eefif A MAS, ¥ Apache V7 R[HIE v2:

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
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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
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
SR
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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
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
SR
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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

C.3.13 expat

pyexpat ¥ B2 AT 351 expat JEEIA AT ER, BIERE 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 NONINEFRINGEMENT.
IN NO EVENT SHALL THE AUTHORS OR COPYRIGHT HOLDERS BE LIABLE FOR ANY
CLAIM, DAMAGES OR OTHER LIABILITY, WHETHER IN AN ACTION OF CONTRACT,
TORT OR OTHERWISE, ARISING FROM, OUT OF OR IN CONNECTION WITH THE
SOFTWARE OR THE USE OR OTHER DEALINGS IN THE SOFTWARE.

C.3.14 libffi

PRIEMEH ——with-system-1ibffi Bl THE, HN _ctypes § REELZ S libffi JEATHE DI E )

Copyright (c) 1996-2008 Red Hat, Inc and others.

Permission is hereby granted, free of charge, to any person obtaining
a copy of this software and associated documentation files (the
‘*Software''), to deal in the Software without restriction, including
without limitation the rights to use, copy, modify, merge, publish,
distribute, sublicense, and/or sell copies of the Software, and to
permit persons to whom the Software is furnished to do so, subject to
the following conditions:

The above copyright notice and this permission notice shall be included
GETH)
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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 CLATM, DAMAGES OR OTHER LIABILITY,
WHETHER IN AN ACTION OF CONTRACT, TORT OR OTHERWISE, ARISING FROM,
OUT OF OR IN CONNECTION WITH THE SOFTWARE OR THE USE OR OTHER
DEALINGS IN THE SOFTWARE.
C.3.15 zlib
MR ARG FHRFNRY 2lib SASKIHT IR TA WG 405 zlib PSR #5 DRI E 2110 97
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 ffi B F FEAISEILET 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.
GETH)
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* 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)
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.

(% L350

C.3.17 libmpdec

BrRIEfE ——with-system-libmpdec BUE 7, 0 _decimal BBUERZ M €15 libmpdec FEAYHE DI

JEiUR

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.
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C.3.18 W3C C14N i EH

test ALY CI4N 2.0 i 4E (Lib/test/xmltestdata/cl14n-20/) $2HUH W3C W% hitps://www.w3.
org/TR/xml-c14n2-testcases/ R 3 253 BSD 1 R]IE & 17

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
"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

audioop AL T SoX Tl H 1Y g771.c SCIFH R EAARAD . hitps:/sourceforge.net/projects/sox/files/sox/12.17.7/
sox-12.17.7 tar.gz

B A2 Sun Microsystems, Inc. [t - T BETE R A BE T o i 7 AT APE DL sl et P AR i i
TNt

SUN SOURCE CODE IS PROVIDED AS IS WITH NO WARRANTIES OF ANY KIND INCLUDING
THE WARRANTIES OF DESIGN, MERCHANTIBILITY AND FITNESS FOR A PARTICULAR PUR-
POSE, OR ARISING FROM A COURSE OF DEALING, USAGE OR TRADE PRACTICE.

PR Sun JEACHS AP B AR 329 H. Sun Microsystems, Inc. 3545 U4 MBI A . HEGS . &
PR

SUN MICROSYSTEMS, INC. SHALL HAVE NO LIABILITY WITH RESPECT TO THE INFRINGE-
MENT OF COPYRIGHTS, TRADE SECRETS OR ANY PATENTS BY THIS SOFTWARE OR ANY
PART THEREOF.

FEALA % BL R Sun Microsystems, Inc. 335X AT A YA BRI 33 25 SRR IR Y L TR A LS 2219
BIFHIT, AL Sun SRR REA L LA

Sun Microsystems, Inc. 2550 Garcia Avenue Mountain View, California 94043
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C.3.20 asyncio

asyncio BURAHLETEI}K A uvloop 0.16, E2ET MIT ¥l UK ATHY:

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 53X {7 304 :

JRALBTA © 2001-2023 Python Hff Bk 2. DR B AT AR

AT A © 2000 BeOpen.com., & B FIr A AUH] o

AL © 1995-2000 Corporation for National Research Initiatives., {7 85 A B .
WAL © 1991-1995 Stichting Mathematisch Centrum. % & FIrg AUF) .

XSGV RTERVF AT 5L, W3 05 & A T iz,
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'—I-l
EFE
..., 67
2to3, 67
>>> 67
_ future_ ,72
_ slots_ ,79
LS EN
method —— F,79
THEE
PYTHONPATH, 56
FEA
method —-- F 3,75

A

abstract base class —-- £ #%, 67

annotation -- AFi, 67

argument —-- %, 67

asynchronous context manager -- & #¥
T X & 4, 68

asynchronous generator —— ¥4 ik £, 68

asynchronous generator iterator -- 7
P B RE, 68

asynchronous iterable —-- 3 % R xt £,
68

asynchronous iterator —-- F¥H %R E, 68

attribute —- &M, 68

awaitable —-- T &4 4, 68

B

BDFL, 68

binary file —- Z3t#| U, 69
borrowed reference —- f&A7F| A, 69
bytecode -- F¥#, 69

bytes-like object -- FH¥AXZ, 69
C

C #4,70

callable —-- Fi XA, 69
callback -- [FE#, 69

class, 69

class variable —- X% &,69
complex number —— £ ¥, 69
context manager —— L TXEHEZE 69
context variable -- FTXZEE, 69
contiguous -- # %4, 70

coroutine --— Ph4E,70

coroutine function -- WA E %, 70
CPython, 70

D

decorator —-- M, 70

descriptor —- #HAE, 70

dictionary -- FH#,70

dictionary comprehension —-- ¥ # 4 & &,
70

dictionary view -- FHAME, 70

docstring —— XHIFEHE, 70

duck-typing -- ®FEA 71

E

EAFP, 71

expression -- KR, 71
extension module -- ¥ E#H, 71
F

f-string —— f-F4®,71

file object —- XfFx£,71

file-like object —-- XHARF%£,71

filesystem encoding and error handler
— XHRAGHEEEAGERALELR T

finder —- &K, 71

floor division -- @ FEER3%, 71

Fortran #% %z, 70

function —- H#, 72

function annotation —-- HHAFE, 72

G

garbage collection —- X3k [E I, 72
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generator —— 4 K&, 72

generator —-- 4 &, 72

generator expression —-- A4 RKBRHKRA, 72

generator expression —-- 4 KBRARA, T2

generator iterator —- 4 K EERE, 72

generic function —-- XA ¥, 72

generic type -- R A&, 72

GIL,73

global interpreter lock —— 4 F & &4,
73

H

hash-based pyc —-- ET%H%HWH pyc,73
hashable —-- W%, 73

IDLE, 73

immutable -- FHLZXZ, 73
import path -- & AE&Z,73
importer —— B A4, 73
importing -- &A,73

interactive ——- X %&,73
interpreted —-- fEA, 73
interpreter shutdown —- BEHXH,73

iterable —- HA R 4,74
iterator —— #RHE,74

K

key function -- &%, 74
keyword argument -- X4#F 5, 74

L

lambda, 74
LBYL, 74
list,74

mutable —- W@fﬁ?ﬁ, 76

named tuple -- B 4G4, 76
namespace —— w4 ZId,76
namespace package -- & X HA4, 76

nested scope —-- #hEEHHE, 76
new-style class —- #FHA %, 76

@)

object —- XZ&
WH A, 48
AL, 48

object —-- X %,76

P

parameter —— H#%,76

path based finder —-- ETBEHERE, 77
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