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B0 EH SO A AT AE C 8 C++ H g B A4, [EM6H F BTN S 7¢ Python FL3Re T BE. ABLOBA AT
PAEFERY RS, tn] DU SR A BE) S o v (method) . SCEREIZS €A infaf 4% Python F R A
F—ERARR A, ME 7R (extension language) [ H . £z, € /R U] S S H 45 I Fo b4,
fHABLEARA P DAB) B (FEUATEREE) B AR BN P, mi 2 EEE R 5A IR EMIsE.

5 U EVRA SCAAAR % 43 EL A Python [ 3B A1, . B A IEE S IR IERAN4E, 752 [ tutorial-index . reference-index
T MEE S EEIE A2 S8 . library-index F0E) 1 BT ILRE 5 Bz B A A A (R 24 TE) . R ([EV A A DA
Python %i %5 1) #54H.

BRI 5EHE Y Python/C APL BEAIN4R, w5 2(E)5 #b—10) c-api-index.
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HEENE=ATH

B SR T I CPython MUAS AT FR ALY . F DAEESTBE Ry AR T H. S5 =75 T H, filfn Cython, cffi,
SWIG £ Numba, 24t 77 s [EIfE 8 & W EIERERY 21 7775, R(E Python 57, C Al C ++ fE 7.
h=%:

Python B2 Fdii: il
Python $} 4{ii Jf] % $it By (Python Packaging User Guide) A {E {25 1 eflil ] LA AR A6 e il 49 7 o7 3
ey TR, WersmE i — M e e g2 G B s & .
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CHAPTER 2

MERFE=AILRBIEKER

AfEE i E— O EN, FEEH S =07 TRMBHIT, WflEsr Cfl C++ i5E. & R AR
THMBIEZN, MARREIRE H O/ C Bk .

2.1 ) C g C++ #E3¢ 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 ¥ FdE CPython, " EBIHICIATE HoAh Python Sl B TAE. fERZEUNILT, WiZih5 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 —{AEEEH

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



https://cffi.readthedocs.io/

Extending and Embedding Python, [ 3.11.13

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

W T Python A1 207 X REREAE Yl R E B MHRE SO PO UL ARAE L. PABLAE 0 (E T
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. RERE=FTREIRTE
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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)
{
(BT —H)

2.1. ) C &} C++ #& 3¢ Python 7
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HEHEE—5)
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;

}

HHEEIZRHE XL H Python & FR N spam.error, PyErr_NewException () AW PAA] & A2 H
Exception 2 (BRIEMG AT 55— I A& NULL), 40l bltin-exceptions H Tl .

T SpamError WRLRH T—DAHQIEN R ERWG I ERAEANZH! BT HE RESwIR A
PRSI, P RR S — XSRS A IR EA SRS, MITFE spamError Mh—4 %
ZAaEE . WEURRE RSO EEIRE, MR ER C ] BEL 3 B0 O i SO T 2 M i 52
.

AHEBISJERF11E PyMODINTIT_FUNC {54 BREIGR M1 2R AL ¥

HAEY BRI PyErr_SetString () HKF|K spam.error R, WK R

static PyObject *

spam_system (PyObject *self, PyObject *args)
{

const char *command;
int sts;

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

sts = system(command) ;

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

}

return PylLong_FromLong (sts);

2.1.3 EEFEH

[ EIHTT AT, AR R G

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

WARAE S 400 e A N B 45 5%, B KPR 0] NULL GZ AR O 1010 5 45 B A R R0 B e 5 /), Ik T
PyArg_ParseTuple () WEMFH . MEHAMN I TSEM TR R E XS N EGHA R command, X2

8 Chapter 2. RERE=FTREIRTE
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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

2.1. ) C &} C++ #& 3¢ 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. R{ERE=ZHATHAEIIRT
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fiEl: ZM sys.modules MIERILAB-FA CGRIFMIHE] —ASHERE B 2 EREES (BUEE 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

i) REFERATY spam B F, xxmodule T % i an4s 1L (Python3.5 JFHA5IA), PyInit_spam &k
[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 ).

WERARAE A SN2, 835 BB APERI1E N Python fEREARY—IR, BLUAME AL E XE, &

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");

T 1D

2.1. ) C &} C++ #& 3¢ Python 11
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EHE—5)
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;

}

IR B DA ZB A ] METH_VARARGS JEFR MBI MRREES ) BORFAEAR e 77 ik R Ao ds 10 3 4 — 7 PR b .
PyArg_ParseTuple () BB HSEUR) SCRY WAR I e i dnh 4k —35.

Py_XINCREF () fil Py_XDECREF () X7 al 88 hn/ s/ — X 20951 T4, I H247FAE NULL $54 i)
AT BRIE 2 4 ((HAFHEEAEX AN LR SCH temp RS A NULL)., BZH %05 BiES % 7| 7 4 215,

Blf, 428 R, RFFE ] C pR%L PyObject_CallObject () . %ERECEPINSE, ENHEET
TG54, $8MAERE Python X4 : R Python pi4l, MHSHF|FR. SEINRULHER—AToHINS, HAKER
SEMANEE . AN SEOR ] Python BREL, WIFE A NULL s{—A~25504; Zay— S 50R M, WEA
— AT, Py _Buildvalue () 27EHAME X FERFRE G X RFES P ZA 82 A& A IR ] — A
JLH. Biln:

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 () iR [ Python XF % #§ 4, X t /& Python & %t 9 & [ fH.
PyObject_CallObject () & —NXHSH 5] H It L X" . TP cdelZEzH T2
53, I HAFE pyObject_CallObject () ZJG3 BRIl T Py_DECREF () .

PyObject_CallObject () MBEIHME “Hi” Hy: BWAR—AWRMME: BLARDARE, EHINT
BN FTARREGRAEE S R e R T BATAME R Py_DECRER (), BIHEHRRE HHT)
PIaE (HFBI1) B,

HRAEMX M wi, REER— B IR F{EAE NULL, WRZERTE, Python S EHG] Kk FH .
WP H PyObject_CallObject () [ C A2 7E Python ML, B 2437 BIGR [ —ANE5 15k 5 H
Python i 1, DAEARREASREFT VAR M9 (5 B, B304 Al Python fURS AEACFEZ 8 o A0SR JCyEMLE i
AEAR, WY YHESHA PyEre_Clear () KiERAE. Bl

if (result == NULL)

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

RBT BRI R R 5, R 2R — 2431|348 PyObject_CallObject () o FERLUIFIL N SHIIL
s H1 Python REFF S R0, i il 5 1 P4 2 M R BO0 o XA ] AR T X B AL 86 . 73 Ah— LI
TG — BT RGBS AL il BT il Py_Buildvalue () BB tple. 250617, R
1% i — A AR I T DA 20 RS
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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
— LRI -

#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!') */

2.1. ) C &} C++ #& 3¢ Python 13
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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 25 PyArg_ParseTuple () HREUTE LN —. kwdict TEZ 216 N5 =125\ Python 1z
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

f(E: i E R ST R AT SR TR, ATE kwlist PR TF SR T3 TypeError .

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, ...); ]

R — KA, 5 PyArg_ParseTuple () M, FUESELNAe JsUAe i A 5 51 Cig A 28 s 4L
iR ) o A28k 8] —> Python X R & & ik 8] C ek ] 45 Python £Uh5.

—A~5 PyArg_ParseTuple () AR, JETH T HERE ZHE KR [0 —A~T04] (Python 4 BLR L E2AE N
TR TCA), A T A% 45 oA Python BREPASEL. Py_Buildvalue () JFARERAEBITH, HEZT
1 SR AR AT, AR FE A S 2 MR ] None , — DS B H2R F1ZSEW X 5 .
R ER R AR BN 0 o, s — A e T, FEEAFAR R LS.

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
(B T—H)
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HEHEE—5)
...some blocking I/O call...
Py_END_ALLOW_THREADS
PyObject_Print (item, stdout, 0); /* BUG! */

NULL 5%t

HH, BRZREG A SEA KB BARME L EAT NULL $851, I FS AR 28 0 (BE
PAG B DR ) o JRIFD0 G5 | Y R 4GH 3 AR A AR T S8 I A& 8] NULL, Al NULL 24501
Ji PRI T 1 6 bR R R R BT T T R G A% 4 LA PR 5 - AR e BT ASI NULL, R 2 S EORE )
TUAAG I T AR IZ A TS G20

HRMEIAROUE “PCL” BRI NULL, BIFECE] — AT HEN NULL i945%E, BIAIKHE malloc () B
— /A RET A S 1) eR R IR

Py_INCREF () Ml Py_DECREF () %% A& NULL $§4F - (B2, TEAIMASF Py _XINCREF () Fl
Py_XDECREF () WA .

FH PRI X 5 A1) %2 (Pytype_Check () A& NULL $841 - [RIAEHL, RS &S0 F X
TR — XTSRS N LR [ PR T > — | SORF S A TR B . AAFFEH A NULL A0 AR 1A

C ¥R jﬂfﬁﬂ%ﬁiﬂ%éﬁ C MBI ZHINE AnBlth args) A &8 NULL — s EESARIEHEZ
H—Aoedlt.

LA RS NULL 4547 “JtEE” 43 Python FI Pl &A™ ERI4R LR

21.11 £ C++ h R EY R

AT DATE C+ g S JAsise, FURA BEpR] . 4028 A% 7 (Python fRERS) 26 C Gk e g 1A 4%
), &R e SX T R SR A BE R o AR C+ G g A AR A XA WA R824 Python
EREASVR T GELH SR I (L R B0 ARSIl extern "C" . MM 7HAE extern "C" {...} HH
Python SKSCPRNIAEIRATEEL, PEOAINRE L THF5 __cplusplus MEZSEX AR T (Fra B C++
HiFAR 2 E LX)

2.1.12 45 RIERIZHE C API

WY AR B 374 eR BRI S L Python (1], (EAT I frASi b HL A4 AU TS AR T ARSCHA ) RS ik
BN, — YRR AT PASE I — A~ S A collection” LR 2 A T Y. 42 Python 51| RKA, H4 C
AP SAVFY A HOR QM AES 512, XAHHIAR G IR DAA — i C e U T4 At i R EL G

TR RAMRGE R AFEEERE Cof Al static), FRIUMAHIIICHE, AR CAPTISCR ., Lbx
AR I RS J i S A £ Python fFRRE SR (U2 W] AR TARMY . RIS DAIE e glefiemy, — M
B AT RE SO — AR RT UL . mT UL OB T3 E R S8, — L8 R GEHY Python M REAR (11 42 Ry
2 7518) (BN Windows) , A LEMAESERE N 52— "IN E P ALFFINER (P12 AIX), s iRl
N [ SR (0 Unix 251). BTS2 4Rl WA, AR T RORCHR o n] B8 4 R 4

SRR EARENS AT A WL MU TR . XGRS L T A SR I Il static , BRT
PRI R R, Al 5 HA Y AR 1 i 44 vh 9% (FEBE ALk 77 5 R A s 1L A FRhig) o X R
AT NI oL IR L HoA 5 7 A OR B AR 517

Python $2 45t 7 —NFp B AL R M — AP AL ) o5 — 9 RSB AL i C 20 fE S (F7%h): Capsule. —
/> Capsule g2 — 76l 7385 (void*) ) Python #i3$% . Capsule HAEiHdH C APLREIEAM T, H

4 BAREEA IR RS TR A 205 i, XS IEAR B, R IKIAEAE TR EZ IR T .
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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 %k PyCapsule_Import () W] AJ A2 A Capsule $2{1L1¥) C API, {UFE Capsule [1)44 FVCHCHT .
AT Rk C APT I PR AL T s BE i MR 30 A E A C AP

NG FEE R T — R R TR A 45 R B B A BT 5K, SO0 ) PR AR OR B2 A Y
BEERIE CAPLIRE (FEXAEIFE AN R4 void 855U, BREUN—A> Capsule [{H .

SRR IR Sk SR T — AN 75 RAT B ABLERAIZRIUH: C APL IR % b A 35 e C APL

Z AR XA E

S BLHUR N — 18 ) ) T spam BIRAIB . AL spam. system () FARE W C PER %L
system (), M2 — K% PySpam_System (), X EREAEIEL H B IR — LU IR0 (L
TERR A A HIN I “sapm”) . ZPREL PySpam_System () xS 43 Ay JRIEH.

PR PySpam_System () J&— 4 C pi%k, B HARE—FE=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

Chapter 2. RERE=ATREIIRRE



Extending and Embedding Python, [ 3.11.13

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 \
(BT —H)
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(R E—1)
(* (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 SRR RS TS M) PR AL Py Spam_System () BT AU S w2 A H A0 46 Ao ek X0 b R eR B (SR B

2% 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;

}

RXATTEM LB SR, S0P spammodule . h il AR, MR, MR ELG IR EL, BEAGEH 2L,
PR AR G242 —IR

B 5 T BEIE ) )2 Capsule $2(E THAMYTIRE, M TAEFE Capsule H R85 N BCATRE. 477 2%
Python/C API Z:2% F i} 1) 3T capsules 1 Capsule 14523 (£F Python JEi% & 47H01% Include/pycapsule.h
Fll Objects/pycapsule.c),

%
22 HENT RER: HiE

Python ¥4 5 C 4" JEALHE Cn] PAM Python RS BRI R AL, XARMRINERT str Ml 1ist KA, Jr
YRR REE— B, (AR RTHRZ B, SR 2 T Loy . XA SRR A N4
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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:

) X IR TR R E X static M RBERA LS 071k FTAIE & K 8. C APT Wn] DASE X AEHE |
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;

BHT—3D
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(M L—H)
}

return m;

}

AR ARA G B, XN IR E R B XA SO T = A
L —A custom MRUFHARIG: Xt CustomObject LMK, BN Custom SBIHHL—IK.

2. Custom RMATTy: LR CustomType LM, EIE X T —ANCHRIR S DR AELCEIA
BRI B TR

3. WA FIEE4k custom B X2 PyInit_custom PRI IV I custommodule Z5H{A .,
ERRYSE — 2

typedef struct {
PyObject_HEAD
} CustomObject;

R B E SRR INE . PyObject HEAD j@iil il BRI RE N X R G5 1 2 B SL—A
%W ob_base [ PyObject RAEKFEL, Hp & —F8m 2B A5 HHE a4t (X5 v AS
i1 % Py_TYPE 1 Py_REFCNT 3£ X /) . i JH 2209 BE iy S 651 R 4 0 Sk 914 il g 13 i v v e
FB.

ffill): FEREAEL PyObject HEAD JEHA S . BAMNRING-S &8 e dn S

IR, WG TAE PyObject HEAD fEEEAN, A EINEE: Ban, a0F & LT FrifEfR) Python 37 fSAL:

typedef struct {
PyObject_HEAD
double ob_fval;
} PyFloatObiject;

B AL I BN R E S

static PyTypeObject CustomType = {
PyVarObject_HEAD_INIT (NULL, 0)
.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

falEl: MR L CO9 KARIRILAIL, LA BT ) PyTypeObject FBr, HPREZRIRATFEX
O, Rt RT DA S T B ST«

1 object . h H5LfpsE L) PyTypeObject BA AN EE SCEZ M T B RRNTFEB &M C Hixd I E
RIS, WHEPIMGEREABAHIEE TN, BRIMFHETHEEN].

FATEPE R, BR—ITFE:
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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

Ml E: AR AR A B AR A 2K B AT AE Python gl 1284k, IF HLARAY R BRI B RO R 26 A B A 1A /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) ;

BT —3D
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Py_DECREF (m) ;
return NULL;
}

(M L—H)

RORFERBN BB b . XARFRATHEREE S Custom FORBIH Custom SLHI:

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

T TR R AR M ERAUEEI 2 custom. ¢ SRR )G:

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

TE4 0 setup.py BISCHEH ARIGHIA

[$ python setup.py build

#| shell iR 24 2 HE— A1 H st =4 SCF custom. so; #E A% H st IFia 17 Python — fREY 24 BEMS $h AT

import custom 23 #i ff] Custom %f4 .,
EFHAKE, KG?

MR, YETH EE SCBARR IO ERCA RS, AT . B RN TRAL.

#i[E): 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 EEARGIRMBIEFTE

TEFA T BN — LB AN T R X A ARG AR R AT R B AT DAV B2 . FRAT R —

ASFIEEHE custom2 SRESHNIXLET)fHE -

#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);

T —T30
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(M L—H)

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

{

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

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

Py_DECREF (self);
return NULL;

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

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, "[00i", kwlist,
&first, &last,
&self->number))
return -1;

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

}

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

}

return 0;

static PyMemberDef Custom_members|[] = {

bi

{"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 */

(BT —1)
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static PyObject *
Custom_name (CustomObject *self,

{

(M L—H)

PyObject *Py_UNUSED (ignored))

if (self->first == NULL) {
PyErr_SetString (PyExc_AttributeError, "first");
return NULL;

}

if (self->last == NULL) {
PyErr_SetString (PyExc_AttributeError, "last");

return NULL;
I3

return PyUnicode_FromFormat ("%$S %S",

self->first, self->last);

static PyMethodDef Custom_methods[] = {

{"name", (PyCFunction)
"Return the name,
}I

{NULL}

/* Sentinel */

bi

static PyTypeObject CustomType =
PyVarObject_ HEAD_INIT (NULL, O
.tp_name = "custom2.Custom",
.tp_doc =
.tp_basicsize =
.tp_itemsize =
.tp_flags =
.tp_new = Custom_new,
.tp_init = (initproc)
.tp_dealloc = (destructor)
.tp_members = Custom_members,
.tp_methods = Custom_methods,

0,

bi

static PyModuleDef custommodule =
PyModuleDef HEAD_INIT,

.m_name = "custom2",
.m_doc = "Example module that
.m_size = -1,

bi

PyMODINIT_FUNC
PyInit_custom?2 (void)
{

PyObject *m;

Custom_name,
combining the first and last name"

Py_TPFLAGS_DEFAULT

METH_NOARGS,

PyDoc_STR("Custom objects"),
sizeof (CustomObject),

| Py_TPFLAGS_BASETYPE,

Custom_init,
Custom_dealloc,

{

creates an extension type.",

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

m = PyModule_Create (&custommodule) ;

if (m == NULL)

return NULL;

Py_INCREF (&CustomType) ;
if (PyModule_AddObject (m,
Py_DECREF (&CustomType) ;

"Custom",

(PyObject *) &CustomType) < 0)

(BT —1)
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(R E—1)
Py_DECREF (m) ;
return NULL;
}

return m;

IR AS 5 2 A B
HAE LA Mg— T A

[#include <structmember.h> ]

AR AT ARA BB A, IR AN TR Bl i o

PAE Custom BB C G5MHE T E = DEERBIE, first. last Fl number, Hf first F1 last 25 B2 65 4 F M
W FG [ Python ZEAFH . number J@& 2 —4> C #HL.

Xt R A SR AP RS B

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

} CustomObject;

R BAERAT TG B s B B, AT /N O BEXT S ) A BeAIRE i . /0, AT 7e B — R
W

static void
Custom_dealloc (CustomObject *self)
{

Py_XDECREF (self->first);
Py_XDECREF (self->last);
Py_TYPE (self) ->tp_free ((PyObject *) self);

}

ELWIR(ES tp_dealloc {bt:

[.tp_dealloc = (destructor) Custom_dealloc, }

WS SEE 25 W Python JRMEAYE | F1T4L. Py_XDECREF () FJPAIERALEESH0A NULL ()5S (X AT RE
1E tp_new BRI &A) . BEJGERFEIIX ST tp_free i (iliid Py_TYPE (self) {1H4535])
KRBT RN . TR R LB DAIAZ CustomType, B XL B2 A>T 295 H .

HE): FEEERE S destructor B HIRATE LT Custom_dealloc #sz—A CustomObj ect *
f%ﬁl fH tp_dealloc uéﬂ‘é%ﬁ‘ﬁﬂﬂ% Z—A>PyObject * B, WIRANIXFEM, etk %
(O =R TTIEIPOE S HEA NG

A B OR— DAR— DA S TR, AT T —4> tp_new SLBL:

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

(BT —1)
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EHE—5)
CustomObject *self;
self = (CustomObject *) type->tp_alloc(type, 0);
if (self != NULL) {
self->first = PyUnicode_FromString("");
if (self->first == NULL) {
Py_DECREF (self);
return NULL;
}
self->last = PyUnicode_FromString("");
if (self->last == NULL) {
Py_DECREF (self);
return NULL;
}
self->number = 0;
}
return (PyObject *) self;
}
FHAE tp_new A P E:
[.tpfnew = Custom_new, ]

tp_new ALFRERITTAIEE (MARHIIAIL) ZKBIAT 4. ©FE Python FHREE N __new_ () k. BA
TEE X tp_new H 5, Lhr b2y ERA SR AR EH PyType_GenericNew (), iR L Custom
KA — A HRA AR . LI, AT A tp_new AFIZRRNF £irst Ml last J@HEWILRIL A
3E NULL (ERIAME

tp_new FHEEZHLBILAIER (AZER) CustomType, HRBELGULITZ—DTIK) PARIEZLEMPA
MBI SE, FFBUHR R B EAYSE B, to_new ALPREF MU HZ M EAMXETSH, HEIILE
RBMGX SR, MRS HE A9 ia1e (B C Wil tp_init 3 Python i) __init  pREL) Jrikk
WA

#E: tp_new AW EAMIN tp_init, K AMBESSATHIE.

tp_new LI tp_alloc MAIRIMHEAAT:

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

HT AT EE T BB RN, FRATUAAEGREERATZ HiR 2 tp_alloc FPRHHIAHAN NULL.

ffilEl: FAIBAT AT tp_alloc Mfi, M@ PyType_Ready () S MEATHHERARORB T AT TE
B, HAERIAH object . KHBFZUHR e i BRINAY 70 B -

fE): AR EEEAE—MMER tp_new (EQTAMELARY tp_new B __new__ (), IPAIM FAeTED
A7 I S8 1 O VR AT L SR 0 S R T R 50 o AR S L S R S T R R, I B T B
tp_new, HUZil type->tp_base->tp_new. HRIRAXFEM, VRAGEILAY[AFELEK [ HE i Python
S X ZEHY Python TR AT RETCVAIE S TAE. (RRMBUL, /RFTRETCIL BB AR R TR LM 2 25| K&

TypeError, )

FATIEE LT — MRS HR N TN BT IR (W) 46 1 B A
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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 EPM __init
P, FANTHE R R IEBORT (E R A% S NG o BRI RS £irst B RIE:

(). BIETHEWSKI . (EATRTALERAIR % EIIA __inic_ O ik,

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

}

XA GR . FATHRBEA RE first MARMRA, HILE A DUREMFRIXTR . Enl ATy
A= PATERUT M first SRR AR RINTIES . S ZTE T RES R 2 5 A AF 25 4 IR R A
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
B M ESRHOTH B T BT SIS T AR Python J5iA:

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

HHERNTLIKA first fl last KA EHIHEN NULL, X 2E BTN ARG, BN FEie

%Jj‘iwxéj NULL. SESFHBIR R B F I Bk 28 J 1 K5 TR PR A (B BR R A ef o FRATTRFAE T — 45 T e i 3
X

Ao

PAEFAE G S 7738, AT BRI R SO

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

(HHEERAVE N T METH_NOARGS JHEARNFE I Iy A E R 2 B self ASMUATMIS4L)
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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;

(€ & W)
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(M L—H)

self->last = PyUnicode_FromString("");
if (self->last == NULL) {
Py_DECREF (self);
return NULL;
}
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,
sfirst, &last,
&self->number))
return -1;

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

}

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

}

return 0;

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

bi

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

Py_INCREF (self->first);

return self->first;

static int
Custom_setfirst (CustomObject *self, PyObject *value, void *closure)
{
PyObject *tmp;
if (value == NULL) {
PyErr_SetString (PyExc_TypeError, "Cannot delete the first attribute");
return -1;

(BT —1)
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(M L—H)

if (!PyUnicode_Check (value)) {
PyErr_SetString (PyExc_TypeError,
"The first attribute value must be a string");
return -1;
}
tmp = self->first;
Py_INCREF (value) ;
self->first = value;
Py_DECREF (tmp) ;
return 0;

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)
{
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;

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

bi

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

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

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

by

(BT —1)
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{NULL} /* Sentinel */
bi

static PyTypeObject CustomType = {
PyVarObject_HEAD_INIT (NULL, 0)
.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;

AT IR s first Al last @M, FRAOTGFEEH B 2 A EEES IR B 2R A PAUF e T e Bornii
B first JEMERREL

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

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

BHT—H
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static int
Custom_setfirst (CustomObject *self, PyObject *value, wvoid *closure)
{

PyObject *tmp;

if (value == NULL) {

return -1;

}

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

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

return -1;

}

tmp = self->first;

Py_INCREF (value) ;

self->first = value;

Py_DECREF (tmp) ;

return 0O;

}

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

(M L—H)

RS HBEE A Custom REGRI—A- “PIEL, R fibh. 1B, BN, (7
SR OB B 24 D AR B0 BT . VA, T DU TR FLVF— A AR 5 o MR

P v B Bt e s S B E Y SR )

BCEA R B Z LA Custom MR FHEAMM M. FrERFEN NULL, AEX ol T B iR goibk. 72307

MIBCE AR, MR B PRI R 5 QR IO A R AR &5 | kAR
AR PyGet SetDef ZEk A E4L:

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

JHE tp_getset I hEME:

[.tp_getset = Custom_getsetters,

f£ PyGetSetDef L5 {E WG —ld LR r “Pt” . ARG, FRATEA M MA,
f£ A\ NULL,

FATIERE R 13X LR IE R B 51 5 S

A AT H

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

bi

RAVEFENRF tp_init AIRZFEHON H AV ATFRRH:

3 BAEFRATIHNGE first Al last AL SIAR R FAFER , BB VFRATAT DA S 0105 ORI/ G, B2, T2 FArp 728
St BV RORE I A E N X AT ST I, AT T A BRI — 55 ER T A SE PR X FA TR R ANAT I o
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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,

(M L—H)

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 O;
}
static PyMemberDef Custom_members|[] = {
{"number", T_INT, offsetof (CustomObject, number), O,

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

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,

void *closure)

"Cannot delete the first attribute");

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

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

(BT —1)
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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, wvoid *closure)
{
if (value == NULL) {
PyErr_SetString (PyExc_TypeError, "Cannot delete the last attribute");
return -1;
}
if (!PyUnicode_Check (value)) {
PyErr_ SetString (PyExc_TypeError,
"The last attribute value must be a string");
return -1;
}
Py_INCREF (value) ;
Py_CLEAR (self->last);
self->last = value;
return 0O;

}

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

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

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, O)
.tp_name = "custom4.Custom",
.tp_doc = PyDoc_STR("Custom objects"),
.tp_basicsize = sizeof (CustomObject),
.tp_itemsize = 0,
.tp_flags = Py_TPFLAGS_DEFAULT
.tp_new = Custom_new,
.tp_init = (initproc) Custom_init,
.tp_dealloc = (destructor) Custom_dealloc,

Py _TPFLAGS_BASETYPE | Py TPFLAGS_HAVE_GC,

(BT —1)
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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;

W, i PrAEER GC HLERENS S INIEER T T 4%

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

{

int vret;
if (self->first) {
vret = visit (self->first, arg);
if (vret != 0)
return vret;
I3
if (self->last) {
vret = visit (self->last, arg);
if (vret != 0)
return vret;
}

return 0O;

XTI AIAJERRR) 7358, BATRTGEM visit () K8, BB amiik. visit O K
%&iﬁ?‘ﬁ%%ﬂ%ﬁﬁéﬁﬁlﬁ ITEIEINS I arg (EARSHL. BRIl —TEH AR ZAE I AR 0] ) R %
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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;

#iE): tp_traverse SCHLIFH S HAER 644 K visit F arg DAME(FH 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) -

fE): ARATPAE R PAR SR 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,

BT —3D
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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;

}

IR L, RS Z B L Y custom R BIAER AL, FATRFE—aHr e Z 1A 32 2 X5 .

typedef struct {
PyListObject list;
int state;

} SubListObject;

IRAE RN G 1 3 B S T H I X R A AR AR 50— ML BRI A AT AR I L s T

PyObject_HEAD (),

24—~ Python X4 /& subList [SEHIRS, BR PyObject * F8EH W DAL A HsiR i #5464 PyListObject
* Ml 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;

}

TR ATE_ BT BN AN LRFIR A2 B R init () T5ik.

XA TE R S HA HE X tp_new fll tp_dealloc A MERBFREL. tp_new MHIRAN HEAE
tp_alloc WX SEPR A ECNAE, M eibiE2md A H O tp_new KA HE .
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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, &
AT tr_alloc MfHFEN PyType_GenericNew () — K [ BSR4 L ok BORF S BRARK o
25, A PyType_Ready () FRFERBUGRESIM BN P 3 #2 5 EA) Custom /R fBil2—HEm .
[EIfg

[— 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;

(BHET—8)
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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;
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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 R ZT7R AHRAZRIEL, WRAREE 2R, il AR LD R ITIE.

LIRS R —FE, FNTERE—— PN S R BT . A R Y D s Bk i 5 Bk r . B
PABRATTA SR E N IHEST 7R B SO IH . @ wER A e — DSR2 r B el 1, R
AERTE W ARB 2R

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

KUY L7 - BRI, SMIERZHTT, JLPamEdh risgk A . Sl sy, Xt
TEWRAHL)

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

XL BULRIE A TR A X A JEB I H X G T 2 i 2 D N Fr . Python Sy 7RISR EEIZEH (T 5
PR, JTdl) AEENESRR, X2 tp_itemsize FRUFTEMIEH . XEBORIE AR

[const char *tp_doc; J

X BRI AT — B e (BCEERtdl) , 44RAHAE Python JHIARS | M obj . __doc_ ik MIX By SCRy 5
il

BHEFRATRF — N EARIITIE - KSR LB L I 15

2.3.1 KEFAERER

[destructor tp_dealloc; ]

YR FEB LB T ] HTT RO % HL Python MRS AH B I e s, KFUA SRR . ARAREI R
AR A T AR B, ARV DM E X . W R A B TR X BRI . DA 2 e R B n 1) -

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

USRARAY I SRR e, AT AL g B2 24 A3 BT 18 R  BeZ /il PyObject _GC_UnTrack ():

static void
newdatatype_dealloc (newdatatypeobject *obj)
{

PyObject_GC_UnTrack (obj) ;

Py_CLEAR (obj->other_obj);

BT —1)
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Py_TYPE (obj) —>tp_free ((PyObject *)obj);
s

—ANEE B REGE PR AR IR T R B R CE AN D) X AR T2 R AR 2 Wl i RE A I 2
A, USRI (MAEEERRED, ASEEINERT RSB B — 55 MR e . SR
EAAT AR 2 B AMG N ) Python ACH AL A S5 B W IR E . X P RE S BURRERS iR A R . IR
BRI, TEARMIA 28RN, REARI SRR, REHERLTEREWE . FEW AT PyErr_Fetch ()
M PyErr_Restore () BRECESLI:

static void

my_dealloc (PyObject *obj)

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

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

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

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

PyErr_WriteUnraisable (self->my_callback);
else

Py_DECREF (cbresult) ;

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

Py_DECREF (self->my_callback) ;

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

iE: RS M BOP LA PAT B E R A BRAY. B 0e, SR AR G 28 7Y SRR b 3wl (i A
tp_traverse HI/E{ tp_clear), XZEMIFS AV AETEH tp_dealloc BIgiEas el &gk, Hik,
tp_dealloc H1, ARIFFGIFAL T ARGERE: BWTIHITEETZ . FAX SRR 8 APT A (40
T R BT AR T BE2 BRI A tp_dealloc, ‘SEONEREHON &L AR

M Python 3.4 JFify, #EFAANEAE tp_dealloc ALY, MM ABI te_finalize AL,
hz=%:
PEP 442 iR T A e % .
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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

DA 2 {1 ff e ) i 91 -

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
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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 & .

FH L

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

7E 3.10 Wi [ % : RESTRICTED, READ_RESTRICTED and WRITE_RESTRICTED are deprecated. How-
ever, 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, [ 3.11.13

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

AT R, X HHEIR char* AR name JES 2B char* Al PyObject* KUk 1 2[RI ME— X
o XATRBIE R BT 5 Tz s GIAR RN S, HBA 8 FIAE Python 2.2 H3 iz 52 k. B
BT AFIES B IR R, A SRR SE TR Y R E A TIRE , IREL S A 42 T B
tp_getattr AHIESTEN G FHEITEE ARSI ERHNSES 12 _getattr_ ()
T IE R B39 A A T

S5 A [E) -

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
22 Python ML ER Sy FAMYMNZ G AR« X TR LE kR B SRS AL PR BRI HMSOR UG
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
ATEOL, AT DABCEL AR A I — R LA AEAE , (HIEAROL AT RE SR AR RRTS )

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
FMEIE AKX SEEE K . /RTT PAFE Python JEACHES AT Objects HSRH R LEXT 545 H 1 =R Bl o

[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;
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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,
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2.3.6 HE5IAXE

One of the goals of Python 555 | f SEBLRY H bk 2 — & Fe i 2K 8 2 5 555 | ML G AR £ 76 L RRA X 42
(BlanEr) br=tEgorIras.

W%

weakref B SCRY.

TR RIS, R (2

L AE C MR K PG — LT T T 55 LY PyObject* FFBr. BN RIIM RV 2 1k B R Er
4 NULL CY I BRIARY tp_alloc WHXKF& HBBE).
2. ¥f tp_weaklistoffset KRAM AR E N C W REM M FidTF B s, XHREAR L RERN &
Al B B0 B
HARVL, NHE—MEUNR R R AR 55 S BAT BT 10 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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W%
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

NT A, ZEWAAE PYTHONPATH HOA AL, HabAfr 4 SRR A 7, & AP . 201
distutils I, £ F 342 UE AR S04

WAL R B PR AN E -

PyObject *PyInit_modulename (void)

It returns either a fully initialized module, or a PyModuleDef instance. See initializing-modules for details.

XTFANA ASCH g piie 4, BREULATE PyInit_<modulename> , Y} <modulename> #Fffh A
H 2. 248 | multi-phase-initialization i}, Foi/Fff FH 3 ASCII 4 fith AR ER 44 . BU AT 4 4 bR 5501 44 7 &
PyInitU_<modulename> , [ <modulename> §5%% ] Python [¥] punycode %, EFSFEEW N TR,
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 .

—A~ distutils {15 T —PIKENHA setup.py o X4 Python SCIF, KZEMRBARKR, FERWT:

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 , AISCH: demo.c, BfTUIF
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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

FESCHF setup.py B, FrAsifERIA Dl setup BREL. LeRBOR] AR 2 AR K0S R 248, B
BIF RN T — AT RS EERRA TR E TIRERIUER, PARISE TENE. @ - aat
2R, W8 Python AYYRIGRITL . S, T3, 1S4 distutils BYSCRY, 7E distutils-index 5 [
distutils [RprE s AET I ARREAEY RALHRTA

WE T E S setup (), HMEELFRLELIKSIIAS . H L7 E%EL setup () ) ext_modules
SRR HY R SR Extension RAGSEHI. Bl FrRAGSEBIE X TP R4 N demo , M EA—
VRIS SO demo . c .

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++,

M) X FR N T 2 EAE T S Python U S SCIF4L - X EESCIRA DL R XY IIRAS R 1E
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

EE K FEREX FHEr\ CPython JE{TIREE (runtime)

AIRFE, FHEBCRESL—E 5T, (HAE Python Fas h ] ME(E) - AR -UIEAT, SN CPython S#ATHN
A A SR R P ST I A T 2 L ) 5 UL AT 35 i S R A

3.1 #EHE App [Eli )\ 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
LELfE ] Python i Hil R I N A ), IEATF RN A CMEEX 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,

P, A2 Python, Bt H R ERF. ERFEEINFHE 2 —l2 W4 1L Python fifktds . 2/
KA Py_Tnitialize (). A LEWEERIH W] ] Python (£ iy 4758, 2 5 BT SRR 7Y
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 .

W%

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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Extending and Embedding Python, [ 3.11.13

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;

HEHT 1)
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(M L—H)

I3
}
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[1]);
return 1;
I3
if (Py_FinalizeEx () < 0) {
return 120;
I3
return 0;

}

AR RIEFIH argv (1] Jim#k Python 4, FH argv (2] FEERREL. RERELSEUE argv H4
A R 50 a4 R (MAL SRR & AT FRAE call) |, I & AT Python 7
Bl :

def multiply(a,b):

print ("Will compute", a, "times", b)
c =20
for i in range (0, a):
c=c¢c+b
return c
RIGEER IR :

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

JERINHIIBEN 5, AR WA M e, (ER U2 M T Python I C Z M AYEU 4, DA R4
B A Python FATBRAR 7> LT 4 -

Py Initialize();

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

VIR RREAR 2 )5, W PyImport _Import () fMEHAS. MK SHFE 2 Python P47, — A
PyUnicode FromString () Bifai s B @iy F4Feh .

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

fHE): h T2 Python 4 AT RIRAL (Fr B 7E R LR AR H O it iAZm) , #iH
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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>>>

83X shell (R Python #2787 0. 5 I RETE LR oh DAL B 5 AR A T I AR R 91

AR

2to3

o TE— WA HE RS W . FE B S A @ AT (delimiter, FIANFESE. HHE9E. AFEHEEK
=519%) BB, siRAEEE—HEEAS (decorator) 2 4%, Bl AFEXABIE, BB\ shell HRH7H
# Python $E£/R“FIT.

o B Ellipsis,

— {7 % Python 2.x FEsCHSEE/E] Python 3.x FEAMEAY TH, B /27 BRI AHS S AU AAH 2 P A AL
BEE, T SRR M AR 30 S BT G i JER Fr AT T Al 24

2t03 FE 0] PABEME R X HH DA 1ib2to3 il B4 T MWL A DB, ¥E Tools/scripts/
2to3. w2[E 2to3-reference.

abstract base class (fill%JEcKE])

S EREE (REE ABC) #4t T e Mk, 1EEduck-typing (B8 FR(E]) Mitizc. Hih
I FANT, B2 hasattr (), RIS SU A MBR SR (100081 AT/ (magic method) ) .
ABC [EI[EJ##Y subclass (FHHE]) , BMERER H 75— class (BHE]), {HJ5A[# isinstance ()
J issubclass () #il; #2[E abc HALRYEIH 4. Python 4 #F £ [EE ) ABC, ARG (1F
collections.abc i), #F (¥£ numbers #igl). &% (FF io #54H) I import 4GS FIEH A £%
(#£ importlib.abc BifH). YRATAME abe fi4H A H T ABC,

annotation ([EJf%)

jgﬁlﬁﬁi-?é%t class 1. M2 Bl M EEAH B BERE. BIEG, ERHAREEpe hine (ZUEHR
) e

TEBATES (runtime), (W35 O (EVRE VAP, (ALt 8. class B PEANR N EAR, &bk
FEETEAEAH . class fIR Y __annotations_ 4F5KETET.

#52(Flvariable annotation. function annotation. PEP 484 1 PEP 526, 52 ¥h HTh e ER . B
EVRR ) e R B 8 5% 22 [E) annotations-howto.,
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argument (5]4%)
I o 3R (BB 45 function (B{method ) WI{H. 518G Wifd:

o M42F 31 (keyword argument): {EpRIFM . DIGE)T (identifier, B4 name=) BEEAITIHL,
B DA ** 1 dictionary (F#t) [EIREREELER S B0, 3 F1 5 #IZLAT complex () WY
o 14 R 5 |

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

o 12 % 5| $ (positional argument): 2 B GET 5 A5 1B, 7 B [ BOTHE— M85 | B SR A AR AR 11
B, A (8 fEE > 2 & fierable (AERPICE) HEITTRGEEE. Filn, 3 H 5 HEZLARIEFN]
IEASGIE &

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

51 W v A ek AR T A B . BV SRS (R e AR B, S (E calls Fofifi. 7ER%
R, AT AESE SR AR RN — A5 18 H S Ah (e s e 4 s 0

ks ETER N parameter (2%%) WH . # JEEPH5 SR 282 M 2E], PAK PEP 362,
asynchronous context manager (JE[FR]2B5EEEPIZS)

— A 7] DL il async with BRAX F T REEW Y, MELFEBEFE __aenter_ () Al
__aexit__ () method (H¥E) ARIEEHIN. B PEP 492 5] A,

asynchronous generator (JE[RZBEH:2%)
— 1l & [a] {# asynchronous generator iterator (AE[FHEIAEFEEE) MR . BEHERRBE ML async
def &KW FERZ (coroutine function), HAFM R B T vield EHNK, BBA M —FRF W R
async for [FIEMME.

T AR AT R AR R — AR S A 2 R 2, (AR, TR R R R R P E A BEIRE
(asynchronous generator iterator). & —FFIEMN R IEARENERE, IO e mfiag, AR %,

— AR EV 2R TR A await R, PAK async for fll async with PR,

asynchronous generator iterator (|R]35E): 25 [EURES)
—fW fyasynchronous generator (E[FIZEEIESS) R T ESL Y.

& B —{Hasynchronous iterator (AE[FHEUREY), B EVPA__anext_ () method FIFIYEE, & [a]{H—{F
Y (awaitable object), sz TIERI A E A g8 R0 348, HEBEI N yield HH
s

B yield SRy, ERtfE0 B Tikee (A5G s s e iy wy AR . BaER ¥
EA ZEREVAS 1 __anext_ () [BHER A S5 A RO ERE, & e iem kihy #4538
1. 2 PEP 492 #1 PEP 525,

asynchronous iterable (-] o[ [F{CH1:)
— B4, B R PATE async for BRAX i . MHMEER __aiter_ () method [A] {8 —
B asynchronous iterator (FE[FENLES). B PEP 492 5] A,

asynchronous iterator (JE[RI2BERES)
—HEAE __aiter_ () fl__anext__ () method ¥4, _ anext_ () WA E—{fawaitable (W]
EREIE) . async for ETIERIAENERAY __anext_ () method Ff[MIE AW S5 14, HEIE
5% stopAsyncIteration 4. i PEP 492 5| A,

attribute ()&M)
— (W B LW A BB O, RZ(EK 2 Be a1 1 ) 3 0 R 355X (dotted expression) )44 g2 B8 . @i,
R o H—HE M a, RIEZEEITEREDA 0.0 BESHE.
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WER— M EARE, % TR — R AR A2 h identifiers JIT € 36 2 S EVRF (identifier) 198 M2 4 7T fiE
(g, BIANGE] setattr () o MRIEHEAE PR EEA G 70 PR ARA I, 22 getattr ()
REAFE .

awaitable (W Z:55M1k)
—fHE T ATE await R PR AP BT UE— W coroutine (h#8), B2 — M4 _await__ ()
method ¥4, %552 [E PEP 492,

BDFL
Benevolent Dictator For Life (& B {"25M# ¥ ), X4 Guido van Rossum, Python f{#3E# .

binary file (—iEiHIEER)
file object BRI F % WAt £, —HERISCLERYBITAFEA " HERIBER (' xb, twb ' B0 b ) TR
ff. sys.stdin.buffer, sys.stdout.buffer PAMN io0.BytesIO Ml gzip.GzipFile [5LHiI.

w2 Eext file (CFAEZE), ER—MAREERIEA str YWIFRRERY.

borrowed reference (fiJ[]ZK)
1£ Python [¥] C API /1, 55| &4 —FXE5IH, HRAZNREREFAFTEZTI . RS
BT SAR B — SR E . BN, SR RS v AR B R S ) B e — 1 strong reference RAHER T .

$tborrowed reference WEIY Py_INCREF () DA E R (in-place) $#[F|[Flstrong reference 2% it sk B
BRAERZ A BEAE SR — IR A 2 B2 migisH(E) . Py_NewRef () pRzCT] A & — BB ) strong

reference.,

bytes-like object (FEfycalH ¥tk)
—{l] 37 4% bufferobjects H BEFIME HY C-contiguous B m Y4 . BHEIEIIEN bytes, bytearray #l
array.array ¥, PAKFFZHE RE) menoryview Y. FEA oA R YR R BEHE 3 ) EORHT)
FIEEE SGER AR, fF 2 IR SR socket (FHEE) #Hik.

A S S R R ORISR EE e M RRIE) [T SR AT R . T
S G 1 I Y W45 bytearray, PAMN bytearray i memoryview. HAWM) AT HEE G E
PHEREAEAEA T (THEEMEOCER Y] ) B B FE bytes, PAK bytes Y

memoryview,

bytecode ({iJCHfE)
Python f) J5 G5 & 9l s i AL JCALAE , /2 Python F23UFE CPython B i##k FFIEIF R, 3 01oc4l
WSt S AFAE oy REEH, PAUEES AT — (RS R REET S sk (W] DAAS F A J5 0 1 =3 A
SENTCALNE ). Sff [PEEES (intermediate language) | $E(E) 28 T4 — 1l virtual machine ([EH5EH4RS)
b, RE(E S G AT B 5 C AL S E A M2 (machine code). FEHENE, (ocALAEIH 2
FEEAE AN A1) Python [EHEEME RS 2 FIEVER), WASREYEAIRI AR ) Python 2 F AR FEFIEE -

(L TCALAGAY 451 mT ATE dis A EI SO )

callable (n[PERLHy{L:)
— 1l callable & R] PAGEIEIL 4004, WEIYIRE AT BE DA RANE A 41518 (55 Wargument ) :

[callable(argumentl, argument2, argumentN) ]

—A{ function HE AL fymethod #B %2 callable., — A BE __call () H¥ER) class 2 B ] 4L 2 1A
callable,

callback ([A]If)
VIS | 3ol (0 1) — 18 B A2 2X (subroutine) pRIZX, @ E A 2 LA R ] B LA 7«

class (Hi([E])
— W A ST B A A . Class 1) 8 3838 % & 2 7 method [¥)E 3%, i8¢ method 1] PAYE
class [ BB LA THAE

class variable (K([E/528)
—fBIA7E class R EFE, HIERZ HAETE class JEIK (GBI ZAE class [EFIH) BB 588,
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complex number ([E]4%})
—HIRM AT H BRI TE, AR Bera e 2on B — M g —mERR . Bt E
BOEAL (-1 AT R) M EERy, EAEE R P (E 1, TS 5. Python [Flg:
THEEE R, ERAEENRERIORER: B MEsn 5 whimE, flans+13. 558
# math BAHFI TR R ES, FSEH cmath B, EVS00 6 A& — A i R SR ae .
WRARE A 2B 2B e Mp R, IBEAT-AEREE /R ] PAZe e Z 8 e M.

context manager ({5155 H1%S)
FEwith AP HETENY _ enter_ () fl__exit_ () FESEEHIFERSH NS, &0 PEP 343,

context variable (1i5hE5))
—{R A, HAE W DRSS B SO SR I A AR, 38 B AT 4 1R % 7 1% (Thread-Local Storage),
R, — S AT TR A AN FERE. R, BNMESEEE, F—MRfTsEh et es
ZARNESE, ST g, RAEENTAIER AT # (concurrent asynchronous task) 1, 35
hrenyiBE]., #2[E contextvars.,

contiguous (&%)
UL — 1 4% 17 |5 )& C-contiguous B2 Fortran contiguous, '€ € 4] Hh i 15 B2 4510 . T4 (zero-
dimensional) ) & f [ #[ 2 C M Fortran contiguous, ¥F—#E (one-dimensional) [#%1] 4, I8 H UALERCIE
BE O SUAR AR RO HESY , TR S 2 2 B AR . EZ 4 (multidimensional) C-contiguous %1
Ferr B Ak B NE 7 37 B A M T H R, Sefg— R 5 | . #RT, FE Fortran contiguous [Hi%]
B RRT L E .

coroutine (i)
e 2 R A (subroutine) (1) —FH B [EIREFEMITE A . mIRR IS A 5010 1Rl ) 26l A (e 57 — {081 el ] 2k
iEH:'u%ﬁﬂ%ﬁ%%ﬁﬁl%ﬂ%ﬁ%ﬁ?ﬁ@/\‘ REAEE . EMREELL async def BUAXBEE. 7
2 [F] PEP 492,

coroutine function (IFErAR)
—{H [ coroutine (FAE) PFRIRR . —HHRERXFEDA asyne def BkwiwEss, Eaeaas
await. async for fll async with B85 . SLEE#EFEH PEP 492 5] A,

CPython
Python 2R FES HUTZUE B /E (canonical implementation), #§Z$1i{E python.org I, [CPython] i #FEEYE
WhBLRFREAE T, DAl A I EEVE B B REF W E/E, 140 Jython BY IronPython.

decorator (ZH:fiiz%)

— e, EERES MK, BTG ewrapper BEE, #E HIE-—fE K =X 1) 4 (E] (function
transformation), SRS REH 2 classmethod () Fl staticmethod () .

Hetian ik HUE R . DA 8 e U FRAE R 3R R SR -

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

@staticmethod
def f (arg):

Class WAAEAF RIS, (HAETREILLBORE . BN SEahg i E L E, w52 E e 58RI class 5%
IR A

descriptor (1iiA%%)
EfIEXT __get_ (), __set_ () Bk __delete_ () FEMXS. L REW MR, ©
HIRFR S EAT M e B M EE R Bl . W IEOLT, A a.b RIKEL. BB SR @ e &7
a B FIAPERZFRN b IXTE, (HUER b & — D REs, WS AX NS . B IA
FIAR S 2 TR 2 I L Python Y 568, BN @2 B ARMER BLRY, B, H¥E. FHEEME.
K. BT EA BN G A4
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BRI A S method FYSE 2 ¥R, w52 (E descriptors S A #5360 H FH o

dictionary (‘i)
— AN RIEC, FoP A R RS B R . ST ARAEAMTAA __hash_ () Ml _eq () Hi&
HIXT4 . 7E Perl 54 hash,

dictionary comprehension (‘L5 4 iEE)
— BB, AR Bl AT R b ) &R s A e R, (B R A S A — fl = i el
results = {n: n ** 2 for n in range (10)} @F4&—fFd, BA5 TH n MHIE n

** 2, 72[E) comprehensions.

dictionary view (“ZHLiGH1)
# dict.keys (). dict.values() M dict.items () [MEYIFERBETIMHE. SIHRLTF
WA TEH AR, BRI ?Jﬁlﬁ AEIRE Eﬁi‘ﬁﬁ‘fiﬂﬂ%L%M%ﬂ P B EV I - S A AR 4 ) 5
ey list (EB%)), ZHMHM] 1ist (dictview) . FH2[F dict-views,

docstring ([FI=H)
VERZE . REERZ NS — N Fk U I P AR R e . ETE R T 9 Z2ms, (Hoxwt
AR B ITTEZS . BRI __doc__ @M. T EWHTRIENE, FIEEICTE
) SRS YA

duck-typing (' 1-%1(E))
— ARG AT EAG, AR R E Y e B E A 2 e S B IERER I BUmCZ /Y2,
method B J& 1 € B 4l b g e my sl 6 A . (TSR B A e AR — (BT o e s g —[ERG 7, ARE
Bl BT, ]) RNEEG e e 20E, ko ssrn 0 a5 £ LT (polymorphic
substitution) A B A EE TG E. M5 T HUEELR G ] type () B isinstance () JEFFHEL. (2
R, W REN AR 44 % 8 R JalE] (abstract base class) FAfFE. ) S8, Bl # GEH hasattr () I
ik, BUREAFP FEEEET RS .

EAFP
Easier to ask for forgiveness than permission. (F53REALFKF AT HA S ) BT R Python 4G &g

TR AR BB R A, [EERZ ARG %ﬁ?ﬁ@ﬂi‘ﬁ:ﬁﬁﬁjﬁl‘ e MR (E) FL e g Ja e, HA
EAERFZ I try Ml except BAN . ZRMTELFF 2 HAbEE S (D140 C) # RALBYL J@MTE IR T # L .

expression (FHF)
— B AR R ERR AR . [EAIREE), —MER e ses . 4. Birm. S5 ey
A AT B, TS LT AR e R — ﬁﬁiFﬁ,H\ﬁﬂm HAHEM R, EHEFTA K Python i
FH SR RE R T A —Lstatement (BIAIL) AREPHEIES, Bl40 while. H{{H (assignment)
R BASL, MAEEE

extension module (§§ FEEi4H)
—fHPA C 5 C++ HA A4, B Python ) C API ZREEAZ.C S fiff i H R XA 1A T L E) .

f-string (f 9zH8)
PR £ 5 [ERTSR I F e SO ERRE [f i ], e b B R #iss . 72 (E PEP
498,

file object (HiR¥1)
XFANAFFIEI A SCPFR) APL (7 read () B write () %55%E) PAETH FIZ IR S . ARIEHAE
HKIAIE, SO AT AR SO ELSCRE R SCPF . MR AR A7 SO (B i U i) (B b s A/
L WIFZMIX . BT EIES) . U REPRR TR R8I

L, A=REEYO: AR =B A48 5 BRIEm — A RASUT AR . BRI 1o B
HHE . B AR EYITRIEET IR R open () B&xX.

file-like object (KEik§ZW1E)
file object (REZEWI1F) WIFIFEF .

filesystem encoding and error handler (F%RRFHUETEREMAR)
Python Jir i Jil i) — R 4 A A SR PR pR =0, ARG AR B VEE R SRIWALICAL, PARH Unicode 4l £
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EERF .

T 2R 2R S S A 0 ZE AR 5 B LT AR AR I /N 128 (A TCAH . AR 22 R S v A TR b L AR, Al API
KM &5|%¥ UnicodeError,

sys.getfilesystemencoding () fil sys.getfilesystemencodeerrors () PR\ A EUASAE

S8 AT A AR 3 R P R X

filesystem encoding and error handler (T’é %R B G HE R B R T K ) & FF Python () &) K
PyConfig Read() B X KB &E: #H 2[F filesystem encoding, DL} PyConfig [ K B
filesystem_ errors,

ek z[Fllocale encoding ([FIK4RHE) o
finder (=43%%)
— A, EaEREELY import AL iRioader (BAZR) .

¢ Python 3.3 BlA, A MMM ST : TIRE F K E (meta path finder) € {§i ] sys.meta_path,
Wis4 1878 B F4 22 (path entry finder) €{fiff] sys.path_hooks.,

=5 2([F PEP 302, PEP 420 f1 PEP 451 DL T iR 8 2401 .

floor division ([n] FIUERETL:)
] T I 2 B e T B MR Rk . 1) N B A T /. B, ERS 11 /4
FHAAERE 2, B float (JFEEH) ERRYEFTRIEK) 2.75 KA. fBER, (-11) // 4BEEHRRE -3,
B2 -2.75 #lié TGS . 3521 PEP 238,

function (pfX)
—HER Y BRR EﬁEIWH?W%E% SOfE . B DARELE SR B 20 7] 0, 8 LT | T g
T R A B AT s Flparameter (2%1). method (J7%:), VA function B,

function annotation (pf ;‘rﬁ.ﬁ)
pR 2 22 3 0] B A —(H annotation ([EJF#) .

ek BRI 3 il R 2 [ER - i, SE e XTI GG 2 W int 5180, EEA—M int WEE:

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

oA 2R REVETE function T2 i A REANARRE .
i 2 [Flvariable annotation #1 PEP 484, WA5 IWIhREMI A, BIRERBWREER T, 552

annotations-howto,

__future__
future iR : from _ future_ import <feature>, ®F5/R 4 Eas(d ALLLA: Python K T H)
%ﬁ%ﬁ*%ﬁi%?ﬁﬂ@%&ﬁ%ﬁv e E BRI W future_ BHAGEET feature (3
ft) PTREAME. i import MBLAEI A HORAE, RAT DA R 7 00 ) e A Ao I oy v B 3] it
En:. . PAEEfEEr (sREg8) lETEZIhhE:
>>> import _ future_

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

garbage collection (3 [mlik)
OB AT R, AR AL . Python SUATIR L, /251 2 BETHY (reference counting),
DA Kz — i B E g 1 v 7 22 BEAE B2 (reference cycle) [ 4 P 457 3% [a] i #& (cyclic garbage collector) ZR5E i .
BRI eas v DA g o AR AH 3 A T o

generator ([FJH:%%)
— A&7 [0] {H generator iterator ( E%%ﬁ%%) FypRs ERERG - MERELA, HARNZEas
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T yield HHERX, fEEAE—RIAME, SEEHR for [EE, BJEPAnext () B, HRMgRHLH
) —{RE
B AR E A AR Fon — A E g, HER g, e R R R EA BERE. B
FIEEREREZE, Bl A se BmTeE, DABHR R
generator iterator ([EJZ:2$E1C2S)
— i thgenerator ([E)A:%%) BRZCFTFESL I
B yield GrE s ARy, ERtiEM B TikeE (CAG s s L e iy y BRIASR) . wEA %
K2 IS, & I pg sty A T (BRSO VR T IR AR J 5 B A 0 R O T[] ) o
generator expression ([F]Z}: 2$i#5%5X)
—(H & EEMC S ER R . EEERMG—FIERAERL, RS M for TH), % THERT
(I et . o DA B — (W88 1f 4], Al B R NG EsNE i 2UEI A 2R 1Y :

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

generic function (JZ%IpX)
— {1t 2 R AL R, % ok B B ] 10 R (B AR [ e o I o) 30 ) O % 1 ) 00 A 12
2 A T 475 (dispatch algorithm) 2E[FI5E .

Y5t 2 (Elsingle dispatch (B—3F) #igEEMH. functools.singledispatch () Hffigsfl PEP
443,

generic type (JZMI%I[F])
—{HBEEIpE 2 81k (parameterized) frype (BUE)); JE#H &M 254 80E], B2 1ist fldict, EHA
A [Eie = FE 42,

g2z ME4BE. PEP 483, PEP 484, PEP 585 fl typing Hig.

GIL
%52 (Flglobal interpreter lock (430 B 2E8544) .

global interpreter lock (4% E%8H)
CPython H &3 I s FHEME ], 1 DARE LR B3R KA — MRS T 45 BEBUAT Python [Rjbyrecode ({57 JCHLES) .
B AR (RN EEAE, 1 dict) HEHEGRETT7FH (concurrent access) [ fEH, Ik
BT ARG A CPython (Y EEAE . e B ERkdy, &6 EEaR B 5 B Z 4744 (multi-threaded), {H
B S b 2 PR O RS REEHR (LAY — KR F4 71 (parallelism).

SR, A Lo AL, S R M BR A SO, B RS O AT R A e A (B 2 S s 4
(computationally intensive) JJ{LHHF, AT DARRR GIL., S, FEEAT /O FE, GIL 482 eyt

I TR T A | B (DA ARSI S0 It SR B ) 1S5 I ER )
[EVE— i) B — R FZHEE R, kB &g Tk, —aRl), S ioaMakre i, aEEes
(EIAERT 2, AT Y 5 o AR AR

hash-based pyc (JEI42HER) pyc)
— {7 TCALES (bytecode) T A7, 5 foff FH A EDMIEL T N A 360 B S A R ) S AR 0B BOU IR T, Al S8 O 2K
M. 75 2[E] pyc-invalidation

hashable (7] §E))
— AR ZUNR BAGLEH A G NEA BRI EAE (EFREA __hash () k), AU HABXT
ST (BREA _eq () E) BEHFRR TobA X5, IR A G BAT A [ i ne A (1
BEEIRA A5

] HEEIYE (hashability) ({4 {F 7] JI{F dictionary (5°4) Y8EA set (4E67) WA, HIEIELLEORAS
RERTE R 1 A E(EL

KZ ity Python AN w] S [EH Y (4402 v AR s TSRS S (B4 list 5 dictionary) [ERJ2; AT
7 gy (B wple (JCAL) A frozenset) , HUAHEMBTCERZ A EER, EMALS A2 HER.
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SRR G FE class ROFEH), MRS P G BRI BRI . A A OB R AR 5
(Bl B E R , 7 P AR R B 10 100

IDLE
Python [7] Integrated Development and Learning Environment (¥ £ BHE$ELEL B PRES ), idle 12— E: A 1 %
HERASFI LA RN . TN Python [EEHEE A THUAR — R BRI .

immutable (An]%H1k)
—fH B B ER Y. AT AR . FEHR wple (JUAL) . BEWIMR R RERISCER . AR
— AR [ (LS ZE R A7, RSB ST — R . e M7 B S ENE R Hb Ty, 3 S
f,, Bi4n dictionary (“8) il —1 8.

import path (5] A B4 )
G (S AE A R ) I, TR R AE import BUALIE, @ path based finder (BLHH
R ) 1 BRI £ import W, JLRIESIRIEAIE Y sys.path, (LR TEM
(subpackage) 11 2, ‘B LT R LA AR __pach_ T

importing (5IA)
— AR, —ERALH Y Python R UHE AT A B ILIEAE , #¢0) —MEBAL HH) Python REsXHS{H ] -

importer (5| A%%)
—fHREE SRR AR B finder (F45d%) Wloader (FAZR) Wik,

interactive ( H.EjiYy)
Python 7 —{l BB X B REAs , 18 FN VR DATE a8 M H oo A BOA X A X, 2 RpsA e
EHEF MR, REE® python, ANFEALMIGIH (W GEE R RA BN TR BRI T ) .
B e lEUH AR s A AR A R ER R (RERCAE help(x)) .

interpreted (B:811)
Python J&—ME B iERE T, M AN B aEaE T, At 5 T fEa Sepihy, HIEHG (7 c4LS (bytecode) i
FEASIAE . BFRORIFIREE T DA EYGES T, MR AR S ) — (MR, SRR AT .
?E%@%;ttﬁﬁﬁ%ﬁ%ﬁﬁ@% gt / REEENY, N eMpReeEw WE S ARE .. fis2EBineraciive
HEIH) .

interpreter shutdown (P 22%$EIE)
H Python FLREAVBE ZURBAPARE, B A —(FIRIEEL, 76 S BRI A B e B s, s
AR B ERT A . B &IP3 38 =k % (garbage collector). & REEIEHE 1 1) & B & B iR
PRz (destructor) S 55| I [BIIF (weakref callback), AT PR . 76 B BB BEL A i R =X
BB G A, FEE IR EETREANEAER T (8 RABI12 0K X B A s 2 B )

Hapar PR 2R E, 2 __main_ BEHSUERCETHEAC SHATRE.

iterable (W[[EI{Ci1t:)
—FHBEAS BN IR ] H R A X 5. AT BT R A B HE rA Jp S 288 (40 1ist, str fl tuple
) PARCHEEEARE P A RAUN dict, ST 2 DARATAIE LT __diter () JEESEEL T sequence 1 SL
M __getitem () JrykmyHE EHIR S

R R AT T for MRERVA LA L HALTFE AP (zip (), map (), ..o H—AEN
MRAENSERAL BN EREL iter O B, BELREZNRIENS . XFEAEE ] TXHEE AR
—WME I o AEGEH AE AR, REFEARERA iter () 23 A CAHRAIRINR. for iFRS
F B VR BEAREE A, B — NI ) R Ay 4% 22 B RAEIG BRI R RAFE AR o 2 Witerator, sequence

Flgenerator,

iterator ([E{C%%)
FRER— TR BRI S. ER M ERSN __next_ () F¥E @R HALL N E R next ()
FFBA R B I, 24 3% A FcE v B PRES | & StopIteration {iF. FXBFEAARX &
FIEEEI AR, RS _ next_ () HERSFIKG| K StopIteration, EAAFAMIHA
_iter_ () HEHRRFNZZERZSNL A S, HEASSE W2 EAXTS, nrg T HAbn]
B E KB . — D REWBIINSARLE 2 2 R A R EAQpgAA. Zde x4 (il
list) FEARBRRGHAL A iter () BREEUEAE for TERHEHAER S =4 — AT HE R AR . WIERAELL
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T OL N AR AR 220 [ 7 2 1 5 A R P A S i e — A 4, (R E R 2 —14>
A
& typeiter SCHA] AFRE B 2 L
CPython E{{E4EI : CPython WAHSE— MW LRI E L __iter () MIEEK.
key function (Hp=X)

ot bR U B )7 PR 2K (collation function) & — AT IFAY (callable) PR, ‘& & [ —1 F A HEJT (sorting) B
FEJ¥ (ordering) (fH. B, locale.strxfrm () i FHAEIA 8 T s & HE e AE 0 i HE v 8

Python 1y 2 TH, #R#EA2 DASH R A Hil e 4w 7 s . BMAHE nin () . max () .
sorted (). list.sort (). heapg.merge (). heapg.nsmallest (). heapg.nlargest () i
itertools.groupby ().

AR T DU S SR . B4, str.lower () method ] RAFEEIA 43 /s HE e 1) 8 i
Ao B, —MH KW A AE lambda EH A go#E, fI0 lambda r: (r[0], r[2]). Ji4h,
operator.attrgetter (). operator.itemgetter () fil operator.methodcaller () F=1H
58 bR 211 7 PR =X (constructor) o A ] 2 S7 A0S SR pR 2R A 81, 7 2 AT HE )

keyword argument (#8525 4)
i 2 Eargument (51%0) .

lambda
i H—expression (GEF ) FraLi)—17 [ 4 7RG X (inline function), 7% pR zCHE I IR . 57
lambda pRIFEEE lambda [parameters]: expression

LBYL
Look before you leap. ( = JE\If&AT.) 17 4 5 Uk G e e 7P ny sl 2 4 22 1, IR R e Es . 2
T EASBLEAFP Jr e B T, HEMRra e fir2E if Mk X

fE—ELZiTaEEEh, LBYL A [ =] f1 T&17] Z M5 IA T BEWSE (race condition) 1)
. BIANPARFEXAS if key in mapping: return mappinglkey], WS — AT B
ZEALERIRZ 1T, 1€ mapping HASER T key, HIRZFEASE & R0, 150 [T DU 88 (lock) B ff ]
EAFP il 5 s fi(E) .

list (#:51])
—7Fh Python PN Esequence, BIRZ MF) 3R, HEERLTHAET T ROEAHm TR, FRTRm
RIS 4R R O(1).

list comprehension ( H3 51454 i 53)
— T ] AR P 5 R i s e, [ SR ERAE SR DA MR List B2 ) ¥, result =
['{:#04x}'.format (x) for x in range (256) if x % 2 == 0] &[FELE—{fFE list, H
£8 0 5] 255 #EE), Fra HEr TS A8 (0x.). 1f TR RIER . AR, Bl range (256)
T T TR A SR L.

loader (EARY)
—(HBEE AR Y. T EESR MA4E) load_module () [ method (F73:). HASLE N &
Yifinder (FAggs) BlE. HEZMETEZE PEP 302, Bjitabstract base class (EEIKHE) , #2(E

importlib.abc.Loader,

locale encoding (|5 J &%)
JE Unix |, ‘B4 LC_CTYPE B EM M. BrJPAH locale.setlocale (locale.LC_CTYPE,
new_locale) K&k E.

1F Windows |, ‘22 ANSI U E (code page, i@l "cp1252").,
1£ Android F1 VxWorks |, Python {fi ] "ut £-8" {EE] I8 4 15 .
locale.getencoding () BI#EH SERBUE S K gmigtg .

WEE A% filesystem encoding and error handler
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magic method (T J71:)
special method (FpEI7H:) m—E3EER R i .

mapping (k)
—HAEAE, B SRR S 4, LB/ abstract base classes (il FLRHHE]) 7, collections.
abc.Mapping B{ collections.abc.MutableMapping [ 3§ % ) method. #j ] fl 4% dict.
collections.defaultdict., collections.OrderedDict #l collections.Counter,

meta path finder (JCIXRFRY)
—FEE I sys.meta_path [ finder (FAGES). TCEAIRFARPRELYA /238 B F 48 22 (path entry
finder) FHEEZAA] o

BN TCIS AR AR A B AR method, #52[F] import1lib.abc.MetaPathFinder,

metaclass (JtHE])
— 7 class ] class, Class & F& i FE & @37 —1# class & 7. —1H class dictionary (FF#L), DA —1F base
class (EJRHE) A5, Metaclass B F %208 518, [EIE7 % class, KZHAY Y48 e U5E
O AR B /. Python RYFFEIZ EAE Y& AEEIE 7 H #THY metaclass. KA/ (5 & 18 K
TEMNTH, (AR2ETHERE, metaclass i DARULEIR AEMOMET E. BMEs ket EE EFE.
WM ATAE A BEW RS . BEEAIAES (singleton), AR L HABKATE S

% %] ATE metaclasses 25 i Pk 5] .

method (J51)
— 7 class A< B E e ezt A method FEIEIIL class BEf— M8 B MERERTIY , JUIe 3t €175 554
P EYE S —Bargument (5130) (W3 BB #HARE self). BEfuncion () Hinested
scope (HRAE ) .

method resolution order ( J5 7 M7 IE)T)
T5 YESEMTIE Y 2 AE 2 JR A B ) RE v, base class (JERIRHHE)) B FMET . BIRS 23 lRES,
Python T 4% BT I AT YR A0ES , 752 (E) Python 2.3 il VAT IE )T .

module (Kil)
— [ #4T: Python F2£2UHG R 41 4% B0 (organizational unit) FYHI1F. WA —MEmL S, BESTEN
Python {4, B IEHE himporting H)iEAR, #iHA 2 Python,
s s Epackage (£44F).

module spec (BigHHI#%)
—{E 44 ZS 1, B RN AR A A import AHBA &5l B & importlib.machinery.ModuleSpec
) — (.

MRO
#5 2(Elmethod resolution order (5 HEMEATIET) .

mutable (vW%£H1})
AT EEME AT AR S M A, (AR IR id O o A& Eimmutable (ARAT5911%) .

named tuple (Fff%c4)
fhi#k [named tuple (P4 7CAL) | JE464E tuple #RAGEME TS class, FERYT K] (indexable) JLE
W DA P44 JB M AR A 35 BEAEV K, class H0 W] DASLA HOAMA A

f 2[FlgE A F] 2 named tuple, {35 time.localtime () fl os.stat () [EHEMME. F—HF T2

sys.float_info:

>>> sys.float_info[1l] # Iindexed access
1024

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

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

True
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HEAZTHZNERE (i EE s F) o seah, HZedHiRn @il 2E e XM tuple 4k
TR SLHE B AR By SOk A . XA ZRTT AT TS, i nT AE g 4kK typing.
NamedTuple, B{#(fiH T.J BR¥ collections.namedtuple () . F—MFXBLEHEM—
SUF T 95 5 5 N B 224 SO IS A RN v

namespace (i #%23W)
BRI . @ S B2 DA dictionary (F28L) BEECVE. A WA, A KBV a4 25 1
AP (78 method ) A SR 24 258 . fv s 25 RS By 1k v 4a flrse, ARSI MAH AL,
W, izl builtins.open fil os.open () 2 ifidh e MY fiv 44 25 W A1 Zr B . i 4% 25 ] o oh 1
Tl [ A 2 MR B AE BEAE — M e X, At vl s Pk ST 4t v, Bildn, %5 random.seed () Bf
itertools.islice () BAREHIZFE R, BRI HEREH random fll itertools FAHIEEE.

namespace package (i Z23XMIE:)
— il PEP 420 package (£F), & HBEVEEFE 14 (subpackage) [1— 7545 . s 25 M (4] AEEIA ECA
fyger ek, T FLEBAEE PR R (Hreqular package (IEALSHE), WPEMEPEA _init__.py
EAESE .

Bk Emodule (Fi4) .

nested scope ( HUR{EMIK)
REE)22 I8 4N 7E 3% (enclosing definition) H S B BE J1 . BRGIZKRIED, — 13 p& =X A 2R S A o — Ml e =X
wiEs, MemE2ENgm . @iE, ERFGEEET, SUREREEE HR2 R,
Y P I [t R e e (E VR S b s O B A IR, Aol s IO AR el 44 25 ] P ]
B E A . nonlocal ZAFFEIMNEEREET TR A

new-style class (FiXJE([E])
XHH BETE N T A X2 R HARE . FER P Python MitAHr, HAA B ke i A
Python Ffi R iGFK, @1 __slots__ . #ifiikds. FHEEYE. __getattribute_ (). FKHEMEH
SHEF.

object (1)
HARAE (}%@ﬁﬁ) &?ﬁ%?ﬁﬂ‘]ﬁ‘ (method) AT A ) E@%Efﬂnew—stﬂe class (?ﬁﬁ*ﬁ,ﬁ)
M F 4 base class (ELJEHEE]D) .

package (E1})
— il Python f¥jmodule (Fi41), &7 DAL 71540 (submodule) B2 EFIHY T4 (subpackage). F#7 I
Ma, EFEHA __path_ JEYER—H Python #i4.

Wt Elregular package (IEFIEAE) Hinamespace package (4423 MEME) .

parameter (Z4f)
T function (PR F) B method & & 1 (1) — 1l fiv 44 L #Y (named entity), ‘& 45 B 5% o 2 e (F 42 52 1) —
Hargument (51%%), SAERLEHE FHR 205 8. WA IR R Y 2 8oEa:
» positional-or-keyword (LB HIEET): FEHH—(87T DA% 12 15 5 ORI M 425 7| Sl g 51 9.
ERESWEREAL, FIPAFR foo Fl bar:

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

« positional-only (PEFRALE): W] —H HAEH MO EBHR ALY S . fEm-UE RS MR 5
—f8 /o0, iR PAERZ T OUHT I E SAE RO B2 8, BIANLAN Y posonlyl A1l posonly2:

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

o keyword-only (fEFRBASHET): 88 HBE AR SRR AL 5 | 3. e e | RT, 4
BT 2 Wi v B 2 B (var-positional parameter) B & BLALIY * FI0, ST DATE AR 8 FE R
BT 28, BINPATY kw_onlyl K1 kw_only2:

[def func(arg, *, kw_onlyl, kw_only2): ... ]
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« var-positional ({EREWERALE) : FEU]—PREDMERF AR Bhro 8 5 | B (TEC WM 2 BoE 2
MR S [ 2 4h) . BB ER ERIEHS WA R T E L~ AOGERM, GIILA T args:

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

o var-keyword (FERUCRIIBET) : $6WITTHERLEGH (E BRI TSI (FEC WAL 2 B T2
FERTHAE TSI B2 50 . RS ORI LS MR RE T B ILE * ACEH0Y, (LI e 1

kwargs
S BT DATE IS | USRI S TR 1, LT DAL e SRS M 15 | P o TE AL

Ty 2 EIsEFR R argument (5130) W H . & REJEH RS A28 M2EE., inspect .Parameter
class, function &, AN PEP 362,

path entry (J&£$3H )
FEimport path (5| ANBAR) HEg—(ANE, Mipath based finder (FERFEEH) TGy ) G35 Z0 EHRF
% import A .

path entry finder (BXfS5H H845%)
#{ sys.path_hooks Htff—{F ] FEIY {4 (callable) (7 RI—AEpath eniry hook) Fr o/ ) —7& finder
EREE AT LA—fpath entry e (AR .

BT R AR TE H A RS EAE ) method, 352 ([F) importlib.abe.PathEntryFinder,

path entry hook (&% H(E))
— MR, BRI AR E path entry P TEOLF BEAS ] sys . path_hooks %
ZER [l —A path entry finder .

path based finder (FLIREEIEIT MRS )
THBRIY 7UIAAE F 4 % (meta path finder) Z —, "BA&AE—{Wimport path F1¥8 22854 .

path-like object (Jip&7EHn1k)
— AR R RSB BRI ] DU — IR EE R str 5 bytes P, 02— ME
{E os.PathLike WERIY:. BBPENY os. fspath () BRI, —f%#E os.PathLike W ERYH:
A P EEE] str 3 bytes MR AFKAR; 1M os.fsdecode () [ os. fsencode () HI4EIT H A
el str M bytes (&R, | PEP 519 5] A,

PEP
Python Enhancement Proposal (Python 3¥[F[$#£22), PEP 22—k sHEIR S04, B REE] Python #+ k¥
A, BUZfHiA Python ) —f B Dl REE % DI RERY AL T FIBREE . PEP JEa% B4R ALY By B8 DA B wedi
FIREMENE R

PEP [ FEH 1, 2B EV I IR AHR 58 . AL b B S A8 B B SN E , PAKZEAA Python
WREHERRIRE, Bl 2 . PEP fEH S e d et B B g e s s

#2([F PEP 1,

portion (34))
e —HE P — AR (WATREREAEAE—M zip D), LR AR S — M fr 44 25 44 (namespace
package) G rE(ER, 41[A PEP 420 Wiy E .

positional argument ({38 5[8})
s Flargument (3]38%).

provisional API (%47 API)
W7 APL g, TEAmME R 30 2 A 251 (backwards compatibility) R, #E BRI APL, BER
WA, REEME BT, M EEAGE ERNEE, FURZ RSN BREG LI,
WA R B R AR S (H R AR ) o 5 TS S EAS & S i )4 HA API %
AN BIARES I Fe B A BRI R R I, M4 gk

ISR T APL, [ ASFHZS 8 SE 0 i E) [ et MRIE 48 ) — S MET R B R, 17
SR sl AT AR — A I AR A I AR E T 5%
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T2 {1 3 R ol A5 o o XS R R TR S T AL, T R S R R R A B T 25 B A R R R T B .
2[F PEP 411 | fift 8 Z 404 .

provisional package (17E1})
i 2[Elprovisional API (4T API),

Python 3000
Python 3.x RAMAMERE (RAARIAITER, RS 3 RGBSR R EERM AR, ) AT A4 [E)

[Py3k].

Pythonic (Python JE4%11)
—HAE B, EMEM T Python 35 E SR B HEE, AR (0 HALSE 5 WA &R i
TR, B4, Python i LAy —FREME ML, EH M for BuAs, H—MmTERWIEW A
TCEIEATEE . #F2 s EEA SRR IR, FTAARNZE Python (1) \AG W& 6 F— (8 BB =t
WA

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

HIBZN, DA IERERER . BAA Python JEl# :

for piece in food:
print (piece)

qualified name (& #45%)
—f8 TBE IR, BB —RRTA R IV TR e A P E 3610 class. pRisEK method 1Y [
&1, fn PEP 3155 it Esg. SR TEE N BRI class T, BRE 24 REELHA) (444 RAH ] -

p
>>> class C:

class D:
def meth (self) :
pass

>>> C._ _qualname_

YCV

>>> C.D.__ _gualname_

IC D'

>>> C.D.meth.___qualname
'C.D.meth'’

ARG RAAHRE, T ATRE & & (fully qualified name) & FR7R %A 5 R B B AR, AR ARAT )
RLEM:, Hlil email .mime.text:

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

reference count (Z K1)
IR — AR 2 R T 2 G T R BB, B R IRELE (deallocated). 21
F¥0E # AE Python T NS B AR, (B EEZCPython BAEW — B cZE. T3] DARE iy
getrefcount () B&RIEME—{ERRE P 2 BT

regular package (IFHIE1:)
—fRE G package (£4F), Flan—ME& __init_ .py R HEIEL

ek s Elnamespace package (423 EELE).

__slots__

TE class [E1RRAY— 8 E5 , B # b T E 5 E 0 v 25 1, DAKIH R 001 dictionary (57t ), 244 RO IR
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i BESRRZ BT , (HEA B AT fEL O 1, Sty P B A IR AE — R e IR B ¢ (memory-critical)
(¥ P R AP K R B 2 A (D

sequence ()J3:41)
—Fpiterable, BSLFFET __getitem_ () FRERITVER M A BEERT I HAITE A ITTE TN, HE X
T—MREFAKER __len__ () k. WHEMTHIEKLA 1ist, str, tuple fil bytes %, Ik
EREA dict B getitem () M __len_ (), {EHEMHIEAZAWESHIEFS, KN #HE
Bhimmutable M A S BEOR AR ITTE .

collections.abc.Sequence IR E X EN T —TEFEFEWRE DO, BFE __getitem__ ()
_len_ () ZA4b, BEINT count (), index (), _ _contains_ () fl _ _reversed_ (). SE¥
W R BN DA register () SR HIM . BARECE Xl AT B EZ 308, 5
5] 38 P AR

set comprehension (48 %4 ER)
— TR B, AR B T [EMC A i G A e K, B PR A DA set [] {3,
results = {c for c in 'abracadabra' if c not in 'abc'} @F4E—fHFEEset: {'r',
'd'}. #2[F] comprehensions.

single dispatch (¥L—H)E)
generic function (ZRIpRR) PHEEM—RIE, FEdt, BCVEMSEERR SR B —T | B BU(E.

slice (YJ})
—E P, B —Bisequence (JEH) [HE—EB5r « BT —BLYI R 05 v 28 R B4 9% (subscript
notation) [1, A LSMEFE, AT HERHEY, Hlil variable_name[1:3:5], fEFEHE
(M) FrokmElss, & slice ¥4,

special method (5% Jj1):)
— @ Python | BIFN Y method, IHA SRR TR AT AAESE, HlAnNk. &% method 194 7§
EryE BREEAN4E A Wi E T EE). Special method 7 specialnames H 7 #EAN IR

statement ([4iiAX)
BEAR=E A (suite, —(EFEAE TEIR]) P8P, BRARITT AR —{fexpression (FEE ),
BESHEEE (M0 if, while 5{ for) MEZBEEEHEZ —.

static type checker -- i 2K iy 2%
BEHL Python MCESH-HBEAT 404, DAREHR MBI QnpF BRI AME LR . 53S0 k2427 AR typing
752

strong reference ([F)1Z1#)

1E Python ) C AP /1, 35| HJ2 38 NHFFA 51 B Br A X S5 . FE8)EES | A iha] 1 98
Py_INCREF () KAREGRG| HTAEMIERS | H BT Py _DECREF () KRREILE

Py_NewRef () A NI — WS FOES 1. 8%, (R DS N i, LAEND
Z M8 LIy py_DECREF () R, PARESRER—1H2 M.
Yk 2[Elborrowed reference (fEHZ2M).

text encoding (3L &hils)

Python )52 52— Unicode #5 %] (code point) (/%4 (#E[EFF U+0000 -- U+10FFFF 2 [H]). #raif#
S, B AL E— A e 4751 .

A = B SR B e AL e 41, ARED TS, A 07 oA e 51 B e ST v ER B AR B [ AR5
(decoding) ],
B 2RI SCF PSS IS (codecs), BIMuSARE] [ SCF4f5 .

text file (SCFEREZR)
—(HBEEREICR B A str Y —MRfile object (REZMIMF) . EH, SCTFARHREE R FRATTH S
B &N (byte-oriented datastream) [F1&r [ B i Hlrext encoding (LFHif%) . LFMEEMGI T4 PASCE
R (et ok 'w') BIEIAEZE. sys.stdin, sys.stdout DA io.StringIO BB,
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it Ebinary file (Z3EHIEE), BRI A1 4 B 4 b (bytes-like object) IREFEY)
.

triple-quoted string (= 5|%E[E)y2H)
=R 58 () 5195 O MPEERER R a8 . BEREMEIE SRR 5 | 55 5 AT 48
NG, (HERFAZEEA, B REAE . EMiRn] AZE T P& A BEE (unescaped) Y 55|
SERIEES 9%, M e MASTE (8 4 7T (continuation character) 3 ] ABS 217, BHAEMEME
(I - ER R E A A

type (7[E])
— 1 Python {4 (EIEIE T8 & ESER Y By AEa —MRE., — e ZERT AR
BB __class__ HAAFHL, BPA type (obj) HAEEK.

type alias (U[EIEI%)

—EBER [ FER, SR RERS E 4 —MaREST (identifier) ACHENT .

MPE % # i EL R [El3E = (type hint) R4 . Bil4n:

def remove_gray_shades (

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

.

FTPARISE R, R AR

f

Color = tuple[int, int, int]
def remove_gray_shades (colors: list[Color]) —-> list[Color]:
pass

L

2 typing fl PEP 484, A IWINRERHEA .

type hint (ZI[EJH53)
—Ffannotation ([EVFE), B E M E . —F class JB 1 —08 e& 2 1 2 Bl [ml 8 ) FE I AL,
RAPLRZ AR A Python FsR I3k, (HEAIXN# AL e S %5 46 k. BIdaelrg) IDE
SCRA I R A .
Ais s, class BEAR R, ORS Rieiag) BERE R, DA typing.get_type_hints ()
RAFHL
#2[E typing fil PEP 484, A5 ILIhRERIHEIA

universal newlines (i JlIIEA75270)
—FERE SCF R (text stream) [ 520, &% AR BT 1R B EE-— 4789 85 9 Unix 77261 '\
n', Windows €% '\r\n' 2 Macintosh 5% '\r'. #2([F PEP 278 1 PEP 3116, DA KA
bytes.splitlines () WYMIMAE.

variable annotation (5&3}(E)f%)
—(H 5 88y, class B iannotation ([EIFE).

(RS MK class Ja vy, JU{E /2 B8R -

class C:
field: 'annotation'

SYEREE T AR D ERR T (ype hin): B0, FERSEEYIGEAT int CBE) H:

[count: int = 0

5 W (EIRE 1) REVAAE annassign T2 6 A FEANIG R .
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#5 2 [ function annotation (FRR[EEE) . PEP 484 1 PEP 526, ¥4 HWIhgemdik. BAERNREE
Bk, 7752 [E annotations-howto.,

virtual environment (([El$EER 1)
8 1 V| 8 (cooperatively isolated) F¥UATBE5E, AEFE Python [ (i I 2 1 i T A& A5 DAL 26 R TH 4]
Python BE([EIE A, A € 5[] —(# = 4t LA Ty H b Python JiE A2 A TEIEA: T4

W2 (F venv,

virtual machine ([FJHEREZS)
— iS¢ 4t R T S SR BB (computer) . Python [ [EMEMERS € 11T thbytecode (1LTCHMS) e ir
AT

Zen of Python (Python Z[F])
Python 55T J5 RIS B2 41 35, HLFIZA B iR SR AGE FH ERE . Bes) R mT A 7F B B =0 0o
REA [import thisl ARIIE.
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BARIELEFIRA S 14

18 e[ St Sphink  (—{# H(E] Python [EJH SCE ISRy 0 SCFJEREAS ) 1 F reStructured Text 4#57
1) SR s i L T 7 i

4l Python [ 5, i#ith A1) %5 ) I SCPRELERHEAR H BT TR . F AR IR A ik, 75 5 reporting-
bugs FUIH, [ESAHB . FoAM o Bapm B G A

S
« Fred L. Drake, Jr., 5l Python SC{4 T HALM A& DA — I A Ve
o A¥E reStructuredText F1 Docutils T.E.4H [ Docutils B2 ;
o Fredrik Lundh ¢4, Sphinx #2ftBf¥) Alternative Python Reference wf3#| IS LT £ .

B.1 Python {895 Bk 1

#r % \#R¥[E] Python 1& 37 . Python 121 ik X AN Python [EJRA SCAFET kA . Python fT#(EIY 5 AA RS &
A ERCEREH, @5 R Misc/ACKS ,

TEFAE] Python A7 14458 g B Bk A 35 3 3 (AR 1 (BT SO - IRl BT B IR A 1y AL AP !
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appeNDIX G

C.1 &icio

Python 2 1 a7 Bl S22 N 5B B EL BT 9T E2 61 (CWI, K, https://www.cwinl/) ] Guido van Rossum ji& 1990 4F
REW TGS, HiR2 EE—HERE ABC S %L . [F)4F Python 15 T #FL 2K H HA AN ERL, Guido
TR EAEE .

1995 4, Guido FEAET JE 5N &5 HriE it Bl Z Al BT822 1) (CNRI, i, https://www.cnri.reston.va.us/) 4 &7E
Python () T4, [EIERREIEEE) T a8k 1 22 M IUA .

2000 4E 71 H , Guido Fl Python #%.[» B %% [# B 125 31| BeOpen.com [Elji{37. 7 BeOpen PythonLabs & % . [F4E1 H ,
PythonLabs [ [ ##£% 3 Digital Creations (Hi[F] Zope Corporation; [, https://www.zope.org/) . 2001 4F, Python
WA EL G & (PSF, B https://www.python.org/psf/) T, & &S EHEF Python FH B 1)k A TR I A1) 57
(k7 F| 4% . Zope Corporation /2 PSF ) —fH # 1) & & .

JirA7 B4 Python AR BRUAY (A B BRURAHY E 5, 2[E hitps://opensource.org/), FEH b, KZHMAIEETRHY
Python fitAs, /2 GPL AHZ 1 ; DAF A4 &1 A i 22 (E.

BRA  FEBE Fn waE GPL 18514 7

09.0%F 12 A58/ 1991-1995 CWI B
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 o
2.0.1 2.0+1.6.1 2001 PSF =
2.1.1 2.1+2.0.1 2001 PSF =
2.1.2 2.1.1 2002 PSF =
2.1.3 2.1.2 2002 PSF =
22 PAE 2.1.1 2001 &4 PSF s
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#E): GPL AHZAEIRF R 21E GPL R #[E Python. Af§ GPL, A7 Python FZHEHS AT DA A8 [EE ik
RIHAS , AR ZAE i 8 S REIBR IR . GPL AHZS (1 2 HERLAS: Python T DA% A HA/E GPL T 85 [Efty ik
BRI (HEERERERIATT.

IR 2SN T, £ Guido 8 NIAT, TfHE LeiA i B [ERIE AT fig.

C.2 FANREMHLEMFGXER Python SR

Python I B HIE SOOI BRHE R FL IR PSF 22 HE & 49

% Python 3.8.6 Filf, [EIWISCHhayaifsl, R AR, 298 FHIZHE (dual licensed) ji» PSF #ZHES
#1DA K Zero-Clause BSD ¥ 4¢ ,

AL Python H S R BLR AN R4 HE . S LR RENS & B S 2 AU — i pia) i . B E Se 4%
MR SERIE R, TS0 (E S a8 a9 42 HE f2 3038 .

C.2.1 ¥ PYTHON 3.11.13 i) PSF iR &#

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

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

3.11.13 software in source or binary form and its associated documentation.

2. Subject to the terms and conditions of this License Agreement, PSF hereby
grants Licensee a nonexclusive, royalty-free, world-wide license to.
—reproduce,
analyze, test, perform and/or display publicly, prepare derivative works,
distribute, and otherwise use Python 3.11.13 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 3.11.13 alone or in any derivative version
prepared by Licensee.

3. In the event Licensee prepares a derivative work that is based on or
incorporates Python 3.11.13 or any part thereof, and wants to make the
derivative work available to others as provided herein, then Licensee.

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

—Python
3.11.13.

4. PSF is making Python 3.11.13 available to Licensee on an "AS IS" basis.

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

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

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

USE OF PYTHON 3.11.13 WILL NOT INFRINGE ANY THIRD PARTY RIGHTS.
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5. PSF SHALL NOT BE LIABLE TO LICENSEE OR ANY OTHER USERS OF PYTHON 3.11.13

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

MODIFYING, DISTRIBUTING, OR OTHERWISE USING PYTHON 3.11.13, OR ANY.
—DERIVATIVE

THEREOF, EVEN IF ADVISED OF THE POSSIBILITY THEREOF.

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

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

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

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

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

third party.

8. By copying, installing or otherwise using Python 3.11.13, Licensee agrees
to be bound by the terms and conditions of this License Agreement.

C.2.2 ¥ PYTHON 2.0 ¢ BEOPEN.COM % &%)

BEOPEN PYTHON BRIFIZHES I 1 ]

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

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

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

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

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

BT 1)
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(R E—1)

6. This License Agreement shall be governed by and interpreted in all respects

by the law of the State of California, excluding conflict of law provisions.

Nothing in this License Agreement shall be deemed to create any relationship of

agency, partnership, or joint venture between BeOpen and Licensee. This License

Agreement does not grant permission to use BeOpen trademarks or trade names in a

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

third party. As an exception, the "BeOpen Python" logos available at

http://www.pythonlabs.com/logos.html may be used according to the permissions

granted on that web page.

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

C.2.3 ¥ PYTHON 1.6.1 B CNRI i &#

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

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

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

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

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

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

BT 1)
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(R E—1)

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 ¥ PYTHON 0.9.0 £ 1.2 g CWI iBEE#W

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 Fji* PYTHON 3.11.13 [FIEA #F#2X 5509 ZERO-CLAUSE BSD #%1&

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

THE SOFTWARE IS PROVIDED "AS IS" AND THE AUTHOR DISCLAIMS ALL WARRANTIES WITH
REGARD TO THIS SOFTWARE INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY
AND FITNESS. IN NO EVENT SHALL THE AUTHOR BE LIABLE FOR ANY SPECIAL, DIRECT,
INDIRECT, OR CONSEQUENTIAL DAMAGES OR ANY DAMAGES WHATSOEVER RESULTING FROM
LOSS OF USE, DATA OR PROFITS, WHETHER IN AN ACTION OF CONTRACT, NEGLIGENCE OR
OTHER TORTIOUS ACTION, ARISING OUT OF OR IN CONNECTION WITH THE USE OR
PERFORMANCE OF THIS SOFTWARE.
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C.3 #uk(CIeR RS Ry 12 18 B Bt
A (AR SRR A BEHE SRS, 3 5ULAE Python SEETA b TN 45 =)y W

C.3.1 Mersenne Twister

_random A A% T PA http://www.math.sci.hiroshima-u.ac. jp/~m-mat/MT/MT2002/emt19937ar.html {7 |~ #[E)
REEE M REARS . UN 2R UAS I e B i :

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

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

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

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

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

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

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

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

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

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.

C.3.3 FEFH¥ socket fR¥E

asynchat il asyncore B DA N EHH:

Copyright 1996 by Sam Rushing
All Rights Reserved

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

SAM RUSHING DISCLAIMS ALL WARRANTIES WITH REGARD TO THIS SOFTWARE,
INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS, IN
NO EVENT SHALL SAM RUSHING BE LIABLE FOR ANY SPECIAL, INDIRECT OR
CONSEQUENTIAL DAMAGES OR ANY DAMAGES WHATSOEVER RESULTING FROM LOSS
OF USE, DATA OR PROFITS, WHETHER IN AN ACTION OF CONTRACT,
NEGLIGENCE OR OTHER TORTIOUS ACTION, ARISING OUT OF OR IN
CONNECTION WITH THE USE OR PERFORMANCE OF THIS SOFTWARE.
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C.3.4 Cookie &8

http.cookies HiZH L& DA A :

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 #{TIEN

trace B W& PAT 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 £ UUdecode F=,

uu AR AL AR RN -

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 ZEimf2Fufy

xmlrpc.client B E DA

The XML-RPC client interface is

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

By obtaining, using, and/or copying this software and/or its
associated documentation, you agree that you have read, understood,
and will comply with the following terms and conditions:

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

SECRET LABS AB AND THE AUTHOR DISCLAIMS ALL WARRANTIES WITH REGARD
TO THIS SOFTWARE, INCLUDING ALL IMPLIED WARRANTIES OF MERCHANT-
ABILITY AND FITNESS. IN NO EVENT SHALL SECRET LABS AB OR THE AUTHOR
BE LIABLE FOR ANY SPECIAL, INDIRECT OR CONSEQUENTIAL DAMAGES OR ANY
DAMAGES WHATSOEVER RESULTING FROM LOSS OF USE, DATA OR PROFITS,
WHETHER IN AN ACTION OF CONTRACT, NEGLIGENCE OR OTHER TORTIOUS

BT 1)
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ACTION, ARISING OUT OF OR IN CONNECTION WITH THE USE OR PERFORMANCE
OF THIS SOFTWARE.

(M L—H)

C.3.8 test_epoll

test.test_epoll BHAIS AT ULHH:

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 MLAL¥SHA kqueue 7 MHIAL {5 AT A :

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

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

modification, are permitted provided that the following conditions

are met:

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

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

THIS SOFTWARE IS PROVIDED BY THE AUTHOR AND CONTRIBUTORS " 'AS IS'' AND

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

OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT
LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY
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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 #%2%540 % Marek Majkowski’ 3 JjA Dan Bernstein 1) SipHash24 J#2 3 EHE. BHSAT
B

<MIT License>
Copyright (c) 2013 Marek Majkowski <marek@popcount.org>

Permission is hereby granted, free of charge, to any person obtaining a copy
of this software and associated documentation files (the "Software"), to deal
in the Software without restriction, including without limitation the rights
to use, copy, modify, merge, publish, distribute, sublicense, and/or sell
copies of the Software, and to permit persons to whom the Software is
furnished to do so, subject to the following conditions:

The above copyright notice and this permission notice shall be included in
all copies or substantial portions of the Software.
</MIT License>

Original location:
https://github.com/majek/csiphash/

Solution inspired by code from:
Samuel Neves (supercop/crypto_auth/siphash24/1little)
djb (supercop/crypto_auth/siphash24/1ittle2)
Jean-Philippe Aumasson (https://131002.net/siphash/siphash24.c)

C.3.11 strtod Ei dtoa

Python/dtoa.c R T C [ dioa il strtod B, FARG C AR B 17 B M 2 5 B AEE). 32%A%
L 2f1H: H David M. Gay T fIRIAHEZE, B BAER] ASE https://web.archive.org/web/20220517033456/http:
/Iwww.netlib.org/fp/dtoa.c F#. A 2009 4 3 H 16 H AR ZR M EIAHE 200 & DAR IR RESEL 32 f i Y -

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

The author of this software is David M. Gay.

* % o

Copyright (c) 1991, 2000, 2001 by Lucent Technologies.

* % o

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.

* % ok X

*

*

THIS SOFTWARE IS BEING PROVIDED "AS IS", WITHOUT ANY EXPRESS OR IMPLIED
* WARRANTY. IN PARTICULAR, NEITHER THE AUTHOR NOR LUCENT MAKES ANY
REPRESENTATION OR WARRANTY OF ANY KIND CONCERNING THE MERCHANTABILITY

* OF THIS SOFTWARE OR ITS FITNESS FOR ANY PARTICULAR PURPOSE.

*

BT 1)
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***********************************'k***************************/

C.3.12 OpenSSL

MR B R GRS, W hashlib, posix, ssl, crypt BIERA{] OpenSSL R Mt fE - L4, Python
i) Windows Hl macOS 23 7 ] fE 104 OpenSSL PERYRIA, FrAFRA AL I A44%—14 OpenSSL ¥ HIIERY
Rl A< o T OpenSSL 3.0 it Je HUSEEATAE AT, ] Apache ¥ RTIE v2:

Apache License
Version 2.0, January 2004
https://www.apache.org/licenses/

TERMS AND CONDITIONS FOR USE, REPRODUCTION, AND DISTRIBUTION

i

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.
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"Contribution" shall mean any work of authorship, including

the original version of the Work and any modifications or additions

to that Work or Derivative Works thereof, that is intentionally
submitted to Licensor for inclusion in the Work by the copyright owner
or by an individual or Legal Entity authorized to submit on behalf of
the copyright owner. For the purposes of this definition, "submitted"
means any form of electronic, verbal, or written communication sent

to the Licensor or its representatives, including but not limited to
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

(BT —1)
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the Derivative Works; and

(d) If the Work includes a "NOTICE" text file as part of its
distribution, then any Derivative Works that You distribute must
include a readable copy of the attribution notices contained
within such NOTICE file, excluding those notices that do not
pertain to any part of the Derivative Works, in at least one
of the following places: within a NOTICE text file distributed
as part of the Derivative Works; within the Source form or
documentation, if provided along with the Derivative Works; or,
within a display generated by the Derivative Works, if and
wherever such third-party notices normally appear. The contents
of the NOTICE file are for informational purposes only and
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,

(M L—H)
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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.

9. Accepting Warranty or Additional Liability. While redistributing
the Work or Derivative Works thereof, You may choose to offer,
and charge a fee for, acceptance of support, warranty, indemnity,
or other liability obligations and/or rights consistent with this
License. However, in accepting such obligations, You may act only
on Your own behalf and on Your sole responsibility, not on behalf
of any other Contributor, and only if You agree to indemnify,
defend, and hold each Contributor harmless for any liability
incurred by, or claims asserted against, such Contributor by reason
of your accepting any such warranty or additional liability.

END OF TERMS AND CONDITIONS

C.3.13 expat

pyexpat ¥ M AU 51 expat JRRIARF A, BRIEBLE T ——with-system-expat:

Copyright (c) 1998, 1999, 2000 Thai Open Source Software Center Ltd
and Clark Cooper

Permission is hereby granted, free of charge, to any person obtaining
a copy of this software and associated documentation files (the
"Software"), to deal in the Software without restriction, including
without limitation the rights to use, copy, modify, merge, publish,
distribute, sublicense, and/or sell copies of the Software, and to
permit persons to whom the Software is furnished to do so, subject to
the following conditions:

The above copyright notice and this permission notice shall be included
in all copies or substantial portions of the Software.

THE SOFTWARE IS PROVIDED "AS IS", WITHOUT WARRANTY OF ANY KIND,
EXPRESS OR IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE AND NONINFRINGEMENT.
IN NO EVENT SHALL THE AUTHORS OR COPYRIGHT HOLDERS BE LIABLE FOR ANY
CLAIM, DAMAGES OR OTHER LIABILITY, WHETHER IN AN ACTION OF CONTRACT,
TORT OR OTHERWISE, ARISING FROM, OUT OF OR IN CONNECTION WITH THE
SOFTWARE OR THE USE OR OTHER DEALINGS IN THE SOFTWARE.

C.3.14 libffi

BRAEFEGE _ctypes AR EE ——with-system-1ibffi, 7 RIF%HE & H—MES libfi JFIAHH
AR AT

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
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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.3.15 zlib

WAAE R FE L H BN 2lib A PABUA R IR 8 2 14 878, Alazdfse & —MES 2lib JEaaasn &l
AR

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
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C.3.16 cfuhash

tracemalloc {# H¥4E[EIZE (hash table) EAE, DA cfuhash BLZE([FIRLRE:

Copyright (c) 2005 Don Owens
All rights reserved.

This code is released under the BSD license:

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

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

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

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

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

C.3.17 libmpdec

GAEfE R E _decimal BiglMiik EF) ——with-system-1libmpdec, 7 H|#%i4H & FH—M(El% libmpdec ¥

2R R AR A

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

C.3.18 W3C C14N H|sXEH

test A FH C14N 2.0 HIFAEM: (Lib/test/xmltestdata/c14n-20/) 24 W3C #8uG https://www.
w3.org/TR/xml-c14n2-testcases/ #ehgzz, H 2R 3-clause BSD 1% i 25 (E:

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.
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C.3.19 audioop

audioop LR ] T SoX I H Y g771.c AR EREACHS . https:/sourceforge.net/projects/sox/files/sox/12.17.7/
sox-12.17.7 tar.gz

B A2 Sun Microsystems, Inc. F)7” i - T BETC R A 6 o P AT APE DL sl et A i i
TRt .

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.

P Sun JEACHD AR I F AR 32 559 HL Sun Microsystems, Inc. 34 X4 VpBhELli . HEAS . &
langai

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.

TEFEATH 5 F Sun Microsystems, Tnc. 57X (E (e A BRI S s LMK . IIH00 R 251
B, B Sun ORI 4k 5

Sun Microsystems, Inc. 2550 Garcia Avenue Mountain View, California 94043

C.3.20 asyncio

asyncio BURAHLETI}K H 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.

C.3. #uyFlakaeny iR g RBUM 103



https://sourceforge.net/projects/sox/files/sox/12.17.7/sox-12.17.7.tar.gz
https://sourceforge.net/projects/sox/files/sox/12.17.7/sox-12.17.7.tar.gz
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APPENDIX D

=
i
|mit
If

Python 132 {73 [EHH SO JRE -

Copyright © 2001-2023 Python Software Foundation {4 & — ] .

Copyright © 2000 BeOpen.com {4 F—4JHEF] .

Copyright © 1995-2000 Corporation for National Research Initiatives { fF —JHEF] .
Copyright © 1991-1995 Stichting Mathematisch Centrum {4 & —JJ#E#8].

SERMR R G 2 05 .
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..., 67

2to3, 67

>>> 67

_ future_ ,72
__slots_ ,79
Y

PYTHONPATH, 56

A

abstract base class (£ & EHEE]) ,67

annotation (;l‘g) , 67

argument (5#) , 68

asynchronous context manager (JE[ ¥ §3E
TIHEE) ,68

asynchronous generator iterator (3 [ ¥
B4 #FIRE) 68

asynchronous generator (FFEFEE%E) ,68

asynchronous iterable (3?@%"@&%#) s
68

asynchronous iterator (FEFEF[EIRE) ,68

attribute (B#) ,68

awaitable (F&&HFMH) , 69

B

BDFL, 69
binary file (Z### %) ,69
borrowed reference ({EH%E) ,69
built-in function ([EZE &)
repr, 49
bytecode ({IjC#L75) , 69
bytes—like object (LT E4H) ,69

C

callable (FHFey44) , 69
callback (E’]“?) , 69
C-contiguous (C ﬁ%fﬁ) , 70
class variable (’»K/E%%() , 69
class (#[E) ,69

complex number ([El#) ,70
context manager (FEZHAE) ,70
context variable (1F3E# %) ,70
contiguous (FELH) ,70
coroutine function (#HEFERX) ,70
coroutine (#H#) ,70

CPython, 70

D

decorator (#H&F#) ,70

descriptor (#Hr %) ,70
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71

dictionary view (FH#gHH) ,71
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E
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F

f-string (f F&) ,71

file object (HZEHH) .71

file-like object (4% ZH#) ,71

filesystem encoding and error handler
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finder (&%) ,72

floor division (| FBUEKRE) ,72

Fortran contiguous (Fortran ##H) , 70

function annotation (& R([EE) ,72

function (®=R) ,72

G

garbage collection (Hr3gE ) ,72
generator expression (i%&ﬁ%ﬁ) 73
generator iterator (é%ﬁﬁ%ﬁ%) ,73
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generator ([E4#) ,72

generic function (EA®ER) ,73
generic type (ZAAMF) ,73
GIL,73

global interpreter lock (éiﬁﬁﬁ%ﬁf?) , 73

F{

hash-based pyc (#FIZEH#H pyc) ,73
hashable (F3([EH) ,73

IDLE, 74

immutable (RH#4H) ,74

import path (FIAEAE) ,74

importer (B|A#%) ,74

importing (B \) ,74

interactive (Z &) ,74
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interpreter shutdown (E%%&%ﬁ%ﬁ) ,74
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provisional package (¥ATEH) ,79
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Pythonic (Python JE#sH) ,79
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