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B0 EH ORI AE C 8 C++ Hrgu B b, [EM6H F BTN S 7¢ Python FL3Re T BE. ARLUBA AT
PAEFERY R, tn] DU SR U E) S v (method) . SCEHEIZS €A anfa 4% Python FFREHRA
F— A ERARR S, ME-EE RS (extension language) (HH . %, ‘B & /N U] A A H 45 0 Fo b4,
fHABLEARA P DAB) REHE (FEUATHREE) PR AR BN P, mit 2B EE R 5A IR EMIeE.

1& Uy EIRH SO B 5 EL A Python () BB . BN IEEE S 19 ARIER N 41, 75 2(1 tutorial-index . reference-index
T IE S EEIER N EFK. library-index FRE T BT I RE 5 B2 B S R 9 R E] . pRaEE ((EVEHR AT A
Python # &5 1Y) 4.

BH i~ 5E LY Python/C APL SEAHY4R, w5 2(E)7 #b—1r c-api-index.
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CHAPTER 1

HEENE=ATH

B SR T b CPython WA FITFR ALY . F DAEEST IR ey AR T B, 85 =J5 T H, fil4n Cython. cffi,
SWIG Fl Numba, {4t T 5 [EIfdy 2 &% (FIEFkRY £ 3, 3R[E Python 57, C Al C ++ fE 7.
hz%:

Python B2l #dR: il
Python $} 4{ii Jf] % $i By (Python Packaging User Guide) A~ #3125 1 S {li m] LA 2R Ak e i 4 et o7 3
ey TR, WersmE i — M e e g2 G B s & .



https://cython.org/
https://cffi.readthedocs.io
https://www.swig.org
https://numba.pydata.org/
https://packaging.python.org/guides/packaging-binary-extensions/
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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++ #E3t Python

WRAREH C, WIHTE) Python P BRI AR T B, PR PFEASEE A Python BLIEMAEE, nIPAIE LT extension
modules FSEH: SEEUHI N BEXT S8 8 C I FERER RS A

N TSR, Python APT (W JHARIF Aefidi 1) 5 LT —RINKE. ZAAHE, FILATI Python jZ4 7 £
L RER %o Python ) APT W] PASEIEAE—A> C JCHFHFIH "Python. b SKICPERAM .

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

filE): C ¥ 474 CPython, 3 EBIHICIATE HoAh Python Sl B TAE. fERZEUNILT, WiZiEh5 C
PR, SRR ARNE. 250001, WRARAN O T C FESCRGRM , IRV %% B ctypes BibkE
offi 2, MAZHOHE C AU, X AR AVFIRY Python Ui 1 C AU, 1l HLAIRSAEIEE AT . AR
GERIMCT

211 —{AEEEH

EFRATENE — AN R spam (Monty Python #3 22 i B3k I L)) H HARZLQIHERT LY. C PRI system ()
¥y Python 2 1 o iXABREHZ— DA null 45 A FATH S HOFR [l — B8 FATAE T ASE Python DA
Iy R A LR

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

VAN BRI B 1 ATERRIERER os BT, X BN L LRI 61
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Extending and Embedding Python, %([F] 3.12.3

B E#—A spammodule.c 3CfF. (4 L, AR —AHERM 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 APL (BISRAREX, ARATATEIX HLAS AL H AR HUBAUE BRI .

WE): T Python 1207 X EEREAE YA RS ESOMIBRIEN SR BULEERE L, IR 0.5 (b
Sz H, AR LR Python . h,

HEFE 2 J2FE Python . h BiE X PY_SSTIZE_T_CLEAN ., AHILIU B Fi4ad A5 3k TIREAN R H 2 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 th ) 2 M, "Python.h" B & T —2FRHESL UM <stdio.h>,
<string.h>, <errno.h> fll <stdlib.h>, WHRFEILSCHAERI BRSG EATEE, EXRSHEZESEY R
Fmalloc (), free() Ml realloc (),

R C RELENY A, ] spam. system (string) BRI, GFRATRE BRI

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 Z4 e 17—~ Python ] tuple XFRAYFEEE, KW S S8, &4 wple XY — MRS XS
Wb 4= ¥ 2 Python X4 — ZAEFATHY C pR B GE BTl 75 2 SeKF H A4y C fE. Python APT H ) bR %Y
PyArg_ParseTuple () SAASHRMIFRIFAN C(H. E M B AT A Bl E T Z ST K
FAARPERAR AR C AE R2RAL. A5 KF RS S LR .

PyArg_ParseTuple () TEFTA SHCHA IEHHZE AL H AL SER 4% WU BCEE AL s ek g Mkl B, R 1 (3

), HAEGATUSEET R (). RSO TH, BabssE S a, (508 & £0] DAFEfFR [
NULL (H5t 2 611 B L)

6 Chapter 2. RERAB=KTRBIIRAE
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21.2 XFHERHFE

#A Python RS REAH — NN iR BG4 — D REGE T RIGES, BN Y4 E— N RE &I
REl—AHERME (EHN -1 8 NULL $54F) . B8 A BRFEMRR SRS =AW b . WiRH 75
W EATH{ES NULL. ZEHARIE M N EN]E sys.exc_info () Frik [l Python JLHM M AN C XY . B
1A i R SR SE BRI T 5 . BRAR T AT T B A S W 9l A5 26 1 B B

Python APT 5 LT — 26 pR BRI B 2o 1

B # 0 Wt & PyErr_Setstring (). H Z ¥k
PyExc_ZeroDivisionError XFETIE L4, C

FRERRT AT N R RIRAE

TG AR REUE PyErr_SetFromErrno () , (% PRENE, REHAEEAEERE R errno
. Fll B R BGEA /& PyErr_SetObject () , WEWNSE, 45T HEN R B RAFEME
F PY_INCREF () e s 2 H Al ph £ S HO 5 | HH4L

PRAIPAE L PyEre_Occurred () fEAIEMBEIARINE L AR B IE T 74 . XRRR Y H RN SR, 5
HARAR A MR [B] NULL. AR % AT 2 PyErr_Occurred () RER KB Pd &4 14
e, OARRZREMR [BHE A k.

— AR f VS — AR g RN E G2 AT, f 24 A CaRE—MERE GEH A NULL 8¢ -1). E
TREPHFEA PyErr_* pREL - XERRBC L8 g W T . f I &Rl G 1Y 2438 B — M ROR IR €
eI, [ARE R PyEre_*, fRUILIEHE - B R g e N 2 2 B i e 2 By R 7. —
E?g% ﬁ;?ﬂiﬂj Python f#REgR I TGN, B R4 HHATHY Python fCAS I 22348 H i Python #2751 r g
FE ) S AL PR o

(FEHCLERE DL BB SERERS i W L PyEre_» pRBORS BN DO B, IF BAEX SO
7 A DAOKAR . (EUZ 4 IR, X RALERY, H RS ECH R RME R ZR: KBSl T
LS GSITEN ey

TR i — AR GO eR RO BT BB S, R AR P AUE LR ] PyErr_Clear () RICHLR IR
C AU B2 i) PyErr_Clear () HYME—FEOLR AR EANERF R E AR g R A 5e 2 b A CoRALBEE
(ATRE RSl , B BB hAS ) -

R KM malloc () P8 HSAFE N — 545, malloc () (8 realloc () ) AY ELIE VR H & 2008 H
PyErr_NoMemory () HRiRFIEE KR . 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[] B HOIR A Y R KICHE AR J2 1k ] 11 {5
TRFIRIIE, MPA -1 Fon KM, AnfH] Unix REE0 M —FE.

s MARR B AR PSR A B B B B IR GEA AR T B R X R AT Py_XDECREF () B}
Py_DECREF () JHH)!

PeFE G K WEA 58 56 2 WU TR I 3 47 . BT A5 Python P ¥ S5 & R A X W 19 1 7 B C Xf 4, #ildn
PyExc_ZeroDivisionError, RAJPAELEMEH EAMT. HA&, WM YHHMEFERE - FEMH
PyExc_TypeError RFE/R LA TLIEFTIF (RTREMN % PyExc_OSError HWEE) . GRS H£A 1)
i, PyArg_ParseTuple () BREUHAH 25| K PyExc_TypeError. WERARA R — NS EINELATER E L
@Wﬁﬂ‘ﬁﬁﬁﬁ(ﬂ%{*, )”Uﬁﬁ{éﬂﬂ PyExc_ValueError,

VR AT AS VR R A ME— A S o J5 SR SCPR T A I — S R AR,

FEMEMC FHH. RENR -RER
TP AR SR R, s el — A Python ¥

[static PyObject *SpamError;

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

PyMODINIT_FUNC
PyInit_spam(void)
{
(BT —H)

2.1. L) C & C++ #E 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;

}

HHEEIZRE XL H Python & FR°N spam.error, PyErr_NewException () AW PAA) & A2 H
Exception MK (RAEE AT 55— KMAZ NULL), 40 bltin-exceptions Ht ik i«

T SpamError WRLRH T—DAHQIEI R ERWG I ERAEANZH! BT HE RESHIMRA
PRSI, P RR S — DX RS A IR EA SRS, M2 spamError Mh— 4%
ZAaEE . WEPRRE RO EEIRE, MY RZREN C ] BEL 3 B0 O i SO U 2 M i 52
.

AFEBIF JFRF11E PyMODINTIT_FUNC {54 BREI0R M1 2R AU i ] ¥

AR BRI PyErr_SetString () HKF|K spam.error RH, 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 . EHAMN I TSEM TR EXPEE N FGHA R command, X2

8 Chapter 2. RERAB=KTRBIIRAE




Extending and Embedding Python, %([F] 3.12.3

—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 RG0R AL system () , LB SECZHIA M PyArg_ParseTuple () BUHHY:

[sts = system (command) ; J

AT spam.system () M AL AT DA Python XF & i B KX ik [0 sts By fH. X 2 i i i 1 R %L
PyLong_FromLong () SEH.

[return PyLong_FromLong (sts) ; ]

TEXFEOLE , SR — RS R, (X ARGLAAE Python MR HY) .

WRARAE — ARG A28 C L (BRI void MYRREL) , WX ¥ Python PR [H] None., 4R
WA X RS v (‘B J2ilid Py_RETURN_NONE 7236 SCFH) )

Py_INCREF (Py_None) ;
return Py_None;

Py_None &k Python X} 4 None Xt C K. B2 —A~EIEM Python X4 i A& NULL $5%F, K
T, EEERZH T PR EWE “HR7.
2.1.4 ERFERDDIGERE

PR B K Z R A A Python 277 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 ) , XMrifgE @A C MBI 6. W 3E(HFf METH_VARARGS
METH_VARARGS | METH_KEYWORDS ., {H 0 fUZFffif]l PyArg_ParseTuple () HIEIHZ&E.

SR M fi ] METH_VARARGS , BR (& % i Python f& % wple #% X 2 %, H R A MEN
PyArg_ParseTuple () #F7M#T.

0 SR N 240 O B S B 5 % R BN AT DAFE BB = F B P i B METH_KEYWORDS b 4 . 7E
WAE LR, C MR Y8232 55 =4 PyObject * B Z, ER A —THXBFHRYFMH, FH
PyArg_ParseTupleAndKeywords () F¥-SEfEAT A 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. L) C & C++ #E 3 Python 9
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XSG R TR WAL R PR B A 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, FH T P& BT8RN LM RR R BER 1],
HERT = C++ Kk E Bl extern "cC,

24 Python P27 H K A spam B, PyInit_spam () RPN . (F Kix A Python MRS LT 3. )
EXFH M PyModule Create (), LR M— MG, FETEBRIE X h#RBMHR (—1
PyMethodDef Z5H (KAL) F5 A B R EO S48 A ZIB QYR . PyModule_Create () 1&[F—/M4F
o) B B AR SR 5T . BN RES AR E AR E S R L, BCEAERLSRICTA BRI SR A 1 [1]
NULL. W40 eR B R R GaR [ 45 A I, DAERFHAE AR sys .modules 1.

2k A Python i, [RIfE PyImport_Inittab F#HHLKH, HMASHIWA PyInit_spam() K. %
PRI IMB PR FE T, E A PyImport_AppendInittab (), AJ3EFER G T AR

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. REHE=FTHEIIRT
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fiEl: ZM sys.modules MIERICAB-FA CGRIFMIHE] —AHERE B 2 REES (BB fork () T
exec () ) RFE— LY R FF R § RS AT DAERT IR 0 N R R A A I 4 HH e i

B2 TR A SE R B S FE Python YRR R A Modules/xxmodule.c 1, 4] W\%ﬁﬂﬂﬁfﬁ
TEABEAR B 2 ST AR

i) AEFRATY spam B F, xxmodule T % i an4s 1L (Python3.5 JFHA5IA), PyInit_spam &R
[n]—~ PyModuleDef £54{4& , SR )5 BIB R HUE] 5 AMLE] . 052% PEP 489 £ M Biwl iRk .

2.1.5 YmiFFOskesE

TEARRESE FARRI T ST R Z BT, A THZAMM 301 - [ H Python REUEGIFRIEER:. QARG 2 m
B, EPETARE A ERERE NS SIMBALE: F2ERESHREY BT (2 C8# Cr+ i
AEM FEAY), PAKAE Windows ERFFREMNFIMER (£ Windows A3 CHe C++ ¥ & TAT).

WA A B, S E UK A RIIE S Python fERERRI— 5, s ZUE Bl &R,

T RS . s ETE Unix BRI, HFRZHARA S ( spammodule . ¢ R Bl BOTEME 40 RS &1 T
i Modules/ HEFR, BIl—478| Modules/Setup.local FRGEBIRE A

[spam spammodule.o ]

IRJETETIZ H 3KI51T make SREHI MRS . IR ATPATE Modules/ 1-H k{1 make, HZ{RULISEH
# Makefile fF, )5z make Makefile’ fir%-. (VBB Setup SR BEXFEERAE. )

SRR BT BB A, X LEA AT A I AR B SR L, 285

[spam spammodule.o —-1X11 ]

2.1.6 7£ C hifFH Python F#
A5 Rk, FAT—EEE SIE Tk Python P8 ] C pi%k, HSLGERMWRAH, #i2H C A Python p&
Bo XAEEERECTICHA H . WA C O RN, A8 E XA B RS .

SEiaf)SE, Python fRRERSE LB (R RIVHAY, I 4RUE Python BREGRAL THRMER: O . GX A BRI AT
Python EAFERAE N AR 20, RA 48R P22 Python/pythonmain. ¢ Hff) —c 5. )

Y H Python pREAR 5L, 75 5C Python F2 /7 BL% i Python pRELNT S . ML AL A (Bl Rz 1) RS2 8.
LU XA R, 4R B ARAT Python pRECH S AUF5%T, HZH A (Py_INCREF ()) RHm51 Hit4k,
VRN R BN AXR. 2840, 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. L) C & C++ #E 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;

I3

return result;

}

I ER B 2 Fl METH_VARARGS FEARTEM B ERESY  IXKFAEAL e 7 i & Ao s 10 3 2 — A5 PR ik .
PyArg_ParseTuple () BRBUNHSHR SO WAL B & 5400 S 4 —T5,

Py_XINCREF () fll Py_XDECREF () X A7 a8/ /b — X 451 H ﬁéﬁt, I B4 fAAE NULL 48510
AT ARAIE 24 (1Ehﬁ &ifﬁ/ﬁLchqj temp R4/ NULL). B ZAH A5 B 7?%% | A4 EZT .

B fe, 428 R B, RFF A C %L PyObject_CallObject ( RECEI NS5, ENEET
Fa%r, $8MAERE Python X4 : R Python %k, MILSHHF%. f%&ﬂ%ﬁ@ﬁmm~/\méﬂﬁ%, HAK RN
SE R . BT SEIE A Python pREL, W& A NULL si—A~25 04l B — PS8R T, D"Jﬂ%/\
*’*i{;ﬁiﬂ Py_Buildvalue () & HMEAFFBHME—XRATES N ZEA L B R

Jedl. it

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 0 /& Python & %0 9 & [ fH.
PyObject_CallObject () & — X HSH 51 it $oe X Eﬁ@@z Bl F B oA B B T S
HHFE, HHAE PyObject_CallObject () Z )G BI#ifl T Py_DECREF () .

PyObject_Callobject () MBEIMELERE “Hi” 19: BaR— BRI S BARTHRR, LT
ks 3 Eiw\ﬁﬁ%ﬂkﬂm‘ﬁmét%%ﬁféﬁﬁa#ﬂ YA BASK A Py_DECRER (), EP{IXT HLE(
g (KRR VB

HRERX M2, REE— A2 *A%Llilﬁx NJZ& NULL. QIAR2145, Python pRERS 2 EIFH] K5+
WP PyObject_CallObject () ) C fLA% 2 7E Python H & iH FH I, bf”é‘uﬁﬂuﬁl*/\%ﬂmﬂétb
HIH: Python W 3, DAHEAERERSREST E%%EI#)MM, ol &1L 7 Python fURS REAL FEIZ ST . R IX ICyE
BN GAE, W M4ELIHH pyEre_Clear () KiERFHE. Bilan:

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

BT RARR R ek %, R 2R — 2431|348 PyObject_CallObject () o FERLUIFIL N SHIIL
s 1 Python Ry f fILfY ﬁﬂ%lﬂﬁ%ﬂ@ﬂ@%{ﬁ% R AT AN R AL ﬂiiﬁﬁ%ﬂ%@ T3 hh— LI fRAR
FR AP TR ISR BRI T2 Py_Buildvalue () BAUMIE tple. 280617, JREE
i — A ARSI R DA ﬁDTﬁﬁ%:
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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 BAREHE SN ER, i
Py_BuildvValue () ﬂﬁ%%ﬁﬁﬁﬂﬁf JEEEE,

ARTE R BT IR TR B, RS HAA PyObject_Call () , RELFFFESHM S HTESE. A
i BB, ?ﬂaﬂ]{%ﬁﬁ Py_BuildValue () Rtk =F i,

PyObject *dict;

dict = Py_BuildvValue("{s:1}", "name", val);
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 £i45 C s S HBNR . format ZHRLUI 2 —HEXTAF
H, AT 5% Python C/APL F-J} 1] arg-parsing. ’?ﬁJ?ﬁf’%ﬁCE%ﬁ\”’r AL, KA ek AT

JI PyArg_ParseTuple () £kl 75221 Python SRR, AJGyEAG AL R 45 flly) C A8 bl , fnif
itﬂ%ﬂT, Tﬁ%%fﬁﬂﬁqﬂ%m'ﬁ/\ffﬁ, Iy

FERAT A A 22 B2 LAY Python XG5 A 15 k0951 AZLEBE AT 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!') */
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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 () mHEILITF:

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

arg 5 format J%:5 pyArg_ParseTuple () BRI E LW —3. kwdict JE 2205 =S50\ Python i2
TR BRI B KB P . kwlist JE S & DA NULL Z5 R FAFERSI R, EHARIRRIES: AN AERH 5%
H formar {25845 BAHVCES . AR PAFTHE), PyArg _ParseTupleAndKeywords () &R B EAE, &N
FUHERAE T 5 | K — N1 4 5

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

AR B2 KT SR B TR, 3252 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, 0O, NULL} /* sentinel */
bi

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

PyMODINIT_FUNC
PyInit_keywdarg (void)

{
return PyModule_Create (&keywdargmodule) ;
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21.9 WiEEEE

XANRES PyArg_ParseTuple () RAAMRL, AEIUIT:

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

R — KA, 5 PyArg_ParseTuple () M, [FUEZSELnAie s As i 5 51 G A28 s 8L
AR ) . AR 9] —> Python X RIE &1k 8] C ek & ] 45 Python fUH5.

—A~5 PyArg_ParseTuple () MIARFEE, JETH AT HERE ZHE KR B —A~T04] (Python 4 BLR L EEAE N
TR TCA), A T A% 45 oAt Python BREPASEL. Py_BuildvValue () JFARERAEBITH, HEZT
1 MEX ARSI, AR FEAF S 2 MR ] None , — DS B H2R F1Z S EW X 5 .
R SRR A BN 0 o, s — A e T, FEEAFAR R LS.

Bl CZeM2RA, A2 Python {HE52):

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 R TT8h A/ Bo A RSO heap 24 NAE. 75 C B, it % malloc () fil free ()
K. FE C++ HLZHAE new fil delete SRSCHUFFAYTIRE

4~ malloc () HMECNAEEL, RZAHEER free () BEIFI T H MR Z . WM free () ML
PEREE, WERANFRIET free O WS SEATAIE, X ATAAERRF AR AP ICEEOR AN - X
P AR o AR (] — A7 free () TG, 3 5h—IMEE-FRVI, MR A malloc ) &1
RRNFF B XM 57454t R TR ROIIAICHIEAE, core dump, HFERESH, FHRLAYATISE .

AR EE A K AR A — S8 TR AN DR AU R A LIl FEan— DR T INAFRAS, T 283108, RIS REIL
AT, BUAE— SO0 R AR 15 2l T RS T SR I A I A B2 0, ARSI B R BGR ] 1 IR

SACAEIR BRI A, Feabe s s g A . XA TR, — BEIA, R AR IR E DA 2]
R AR SRR, T BRI SO AR EOR I REA AT, B ARG (AR KU A st S8 D it s
BRBN A AR L, AR A, e AURS LT SR R/ M 2 B iR

Python jfiid malloc () Al free () W& KA NAFDECARERL, [FFRSS 200 NTF eI E F 6. it
WA 51 R T dc. R LRI BRI S — TR, TR RIS I 0 R G | SR
K, M5 HTTECH 0 I, FoRMRELBAFAERE LT, MEt ] AMER T .

Fi— IR A FH e, CHING T BB PR MR Bl B okng , TR L™ 52l A PAR D Pi#).
Bl b7 3% S O 502 PSR E IR free () o (5 —MEAURSCEE S N/, SATMX I
AXE). SRR C, B RS ARRY B SR g, 51 B R AR AR S (R % malloc () M
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free () MAUEF R, XMZ CARMEHERAD. WIFVEH —Ra MBI A SR mRs, (BAE
HIRATA G T TR T A

Python (i IEGERYT VT RS BL, WOt TORBRIEINGS . DA S R AGER . X (501 Jo s 1H0 Ea% 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 I 4 BEDS AT SR (ISR ER I BE IR EA ] g BABERML T — Pz d izt il 47977 3K (collect () B
B0, PARZANBCE S RIS T I A A 25 X D B -

Python shiy5| Hit4k

AW % Py_INCREF (x) fll Py_DECREF (x) , & AbH5| it . Py_DECREF () th&7ES | H 43|
KOO S . N T RIG, HASHERM free () , M2l %00 223 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—EMtE. ®aAN #HE”
— X5, RATPA RE —AFIR B — A5, —XRNEAECE SCAIAE S NECE. 5IRMIEE
HTATVHH Py_DECREF () , 7E5|HAHHRER . 51 HIHAE X R A EH. A =gkt B3an51
M k. F76%. V8 Py_DECREF () . &icdb & MIA M5 HSSENTER .

WATPA A5 A2 — AR5 . 5] AN %R Py_DECREF () o {5 H#& AR e A X
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

T AZE A S, P8 Py_INCREF () o XAXPUIC LA WIAE RS . X0=— 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 RARHICE . EE X5 ARREIE#HT,
ATIER P ASRAR X R BT 5 | o — A58 /& PyLong_FromLong () 43 T —ANRATEMZAE, I AT DAIR[E
BRI HHE -

WZhH— DX ERIT 2R, B Esg] H X FR, FlU PpyObject_GetAttrString() . X
B AEIEN, — A K G R 2B S8 PyTuple_GetItem() , PyList_GetItem() ,
PyDict_GetItem() , PyDict_GetItemString () #SERFIMICH . FF. FHEAEHKE]H.

PREL PyImport_AddModule () &M AEIEIH, WHMA T BES R BIAIE IS XA 6 A — 4
HHIG| MR RFMEIE sys .modules B,

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

24—/~ C RHE Python W I, ST RS EAE NG . WHFEPAXRTUT, BroAfE w5
A fi S S AT DAGRAIE S e B0 0] I S 05 1 5 | R Sl e e g, i A g a5 D, i 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 [ YRS R5 | I AR 0A 195 | -4 X RPN s B % i 4508 3

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

T 5E T B A RS DU M Py_DECREF () B|—IoRXR, 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.

TEIRATER B R HEA PyList_setItem () . FIRIAX LA LEMWEIH, FIYSKHE 1 ##RE, &

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

_del__ () H¥. R ZELEONGIHTECH 1, BAEFERRFEHE _del_ () Fik.

T B2 M Python @51, It __del_ () JriEnl PAPATAERL Python fCA%. B &5 W PAME bug () HiX}

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

E/ﬂifjﬁl de; list [0] PIRCR, BEX@XHZAEnEa—kGIH, BMars 2R NAE, A
item K3f,

ORI , AARANE T BRI, SRS T IR S TR IER AR e A SR A -

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

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

KR AEEREF . — R IFRAE) Python B £ & b M BIRYAELTER, A ATE CIEF s T
KEWE, AFEHE M) __del_ () HESKW - -

XA ) R A A R A S L AR A Rl . B HS, Python fERERE L 2 AR TCIEVE AT 7 1 %
7%, NEANE R E Python #AX 445 10] . (HA] DA ] %% Py_BEGIN_ALLOW_THREADS Il b B
XA, EHTAREEH Py_END_ALLOW_THREADS . IXill # [ S87E fHZE VO W A1, (A5 HAB L AR n] DAYESE
5 VO AR AL BRES . AR, WTF RS IR Z BN —FRAY 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 {84t

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 DR BT T T R G A 4 LA PR 5 - AR e BTSN 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&k NULL $§4F — (B2, AT A Fp Py_XINCREF () Fl
Py_XDECREF () WA .

FH A4 X 5 A1) %2 (Pytype_Check () A&l NULL $841 - [RIAEHL, KRS &S0 H 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 &0 NULL - b EESARIEHEZ
H—Aoedlt.

LTI B NULL $5%F “JitHE" 25 Python Jij 8@ N B H R .

21.11 £ C++ h R EY R

AT DATE C+ g S JAsie, FURA BEpR] . 4028 A% 7 (Python fREAR) 26 C Gk aef g 1A 4%
), SRS R SR AR BE R o AR C+ SRR g R AR A XA WA R %25 4 Python
AR SRV GRS LR BRI UL BB SRl extern "C" . TIETAE extern "C" {...} BaH
Python SKSCPENIAE IR AL, PEAIISRE L TAF5 __cplusplus MEZGEX AFME T (Fra B C++
HiFAR 2 E LX)

2.1.12 45 RIERIZ L C API

WY AR B T34 eR BRI S L Python (], (EAT I frASi b HL A4 AU TS AR T ARSCHA ™ JrASE il )
Blan, — A R R] PASE I — 4> A collection” F AR AR S& BEA T Y. W42 Python 5 RKA, Hi4 C
AP SAVFY A HOR QM AES 512, XAHHIAR G IR DAA — i C e U T4 At i R EL G

TP RAMRE R AFEEERE Cof Al static), FRIMAHIISGICHE, AR CAPTISCR . Lbx
AR I RS J i S £ Python AR SRS (L2 W] AR TARMY . RIS AIE S e glefiemy, — M
B AT E SO — AR UL . AT DL A0 RO T4 E R S8, — L8 RGN Python Ml REAR (11 42 R aiy
A=) (10 Windows), A SEMIAEFERIN R B — DI C S AR IR (— DT AIX), Btk
AN TR] SHEm (A Unix Z851). BIERAT 524 Rml WA, R EEE R BEH nT B v A 2K

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 $ifit 1" — R BIHLE R A — 9 AL o) o5 — N S 23 C )25 Bl (3541): Capsule, —
/> Capsule g2 — M7l 7355 (void*) Y Python #5362 . Capsule R H C APLRBIEAMT, 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 —HEglfeid . Feinldty, BT AR S 3 R b fiy 44 25 0] H ) — D4 A5

Hopthy FEBTHLRE I DA A AMEEER , SREGX A ARG RZH{E, #RJ5 A Capsule FRARHURE

Capsule 1] DA ZF07 2t C APL 4597 fdsise . R ek B A B © 1Y Capsule, s T C APT 4l A
FEREAE— B L, B b A A 45 Capsule. fEAEFIERIGE AT A 280520, & Framiibi (i .

TERARVEFEMIATr ik, NARE) Capsule 48 € 15 24194 FRARMREZ . B PyCapsule_New () $52—> name
J£Z (const char*); FAVFRIEA—A NULL MR A FK, (HERATIAMERARIE E 4 PR IERfHbA44 ) Capsule

PPE T —E s T R B AT SRE X A S A 44 1) Capsule

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

[modulename.attributename

]

R %L PyCapsule_Import () AILAJTEAGE AL Capsule $2444) C API, {{fE Capsule [) 445 VERCHT
AT Rk C APT I PR AL T v BE i MR 30 A IE 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
BEERIa CAPLIRE (FEXAMEFEEA—N) 7R void #5EHEUE, BRHCH—A> Capsule [{H .

SRR W IR Sk SR T — AN 75 R A B ABLERAIZRIUH: C APL 4T % b A 35 e C APL

Z AR XA E

S AR R R N — 1 A # e) FRA A spam BIHRIBE I, PREX spam.system () A E I C FERE
system (), MMM —A L PySpam_System (), XA BREHEPLILH 4R S0 2 R0 (Hean
RS U “sapm”) . ZPREL PySpam_System () &S A HMMY L,

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

static int
PySpam_System(const char *command)
{

return system(command) ;

}

PRI spam_system () B4R B

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

const char *command;

int sts;

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

sts = PySpam_System (command) ;

return Pylong_FromLong (sts) ;

}

FEBHITSK . FE AT )G

[#include <Python.h>

53 ST

#define SPAM _MODULE
#include "spammodule.h"

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

WG4k C AP F84 184

20
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PyMODINIT_FUNC

PyInit_spam(void)

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

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

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

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

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

return m;

EHE PySpam_API gl N static; HMFEE A STE PyInit_spam () AEENE %!
St spammodule . h BR—He TAE, HEZUT 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_ API;

#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 s @ A AT 46 Ao ek X0b R e B (kB 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, 3O spammodule . h il AR, MR, WHEEELF IR B, BEAGEH R,
PR AR G242 —IR

T JE T BRI 2 Capsule $24E THISMYTIRE, M TAAEFE Capsule B85 N BCATRE. 477 2%
Python/C API Z:2% F i} 1327 capsules 1 Capsule 1528 (£F Python % & 47H1% Include/pycapsule.h
Fll Objects/pycapsule.c),

%
22 HENT RER: HiE

Python ¥4 5 C 4" JEAHE Ui AN Python fURS H BRI R AL, SXARMRINER) str Ml 1ist KA, Py
YRR REE— B, (AR RTHRZ B, SR 2 T Loy . XA SRR A N4
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2.2.1 Ei

CPython iz T2/ ir4G Python X4 # A PyObject * ZRAIRAS R, X2 T4 Python X411 “HAfiZiaAl”,
PyObject ZEM{RA L RS G reference count FNFRIMATZEY “FEBIXIL” Wfa5t. X2afETE X H
Fro TN} e R AR SR FH R L (O) i, BIin, fEXt4 Edk—AEE, MH— i, SE55—
ARTGATRSE . XL C RBWFR A “RBHIEY,

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 BRI TR E X static R LS 071k, PTPAIE & K 8. C APLWn] DASE X AEHE |
SRR RERAL, i PyType_FromSpec () BREL, HAEARATTEITE.

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

typedef struct {

PyObject_HEAD

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

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

bi

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

bi

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

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

Py_INCREF (&CustomType) ;

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

BHT—3D

22. BEXLT REE: #HE 23




Extending and Embedding Python, %([F] 3.12.3

(M L—H)
}

return m;

}

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

2. Custom RMATTy: KR CustomType LM, EIE X T —HANCHRIR S BURRES 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@iilt il BRI X R G5 1 2 Bl SL—A
%N ob_base [f] PyObject RAEKFEL, HAp & — g 28X 5| H 84t (X5 v AS 3
i1 %% Py_TYPE Hl Py_REFCNT 3£ X /) . i 22 0B iy S 651 R 4 0 Sk 914 il g 13 i b v Jes )
FB.

ffill): ALK PyObject _HEAD JEHA S . BAMNRINGS &8 e dn S

IR, XGR T AE PyObject HEAD fEEEAN, G EIMNEE: Ban, a0F & ST FrifEfR) Python 37 M4

typedef struct {
PyObject_HEAD
double ob_fval;
} PyFloatObiject;

B AL I BN R E S

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

bi

falEl: MR L CO9 KARIRILAIL, LA BTA 1) PyTypeObject FBr, HPREZRIRATFERX
O, Rt RT DA S T B ST«

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

FATEPE R, BR—ITFE:
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[.ob_base = PyVarObject_HEAD_INIT (NULL, O) ]

XA d 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 Wil R SR EEN .

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

XFERELE Python JIE 4 A # B Y Custom SLHIMTE L D AAF. tp_itemsize {UHT AIAER/NIRS
GMAE AT B0 AR 2% o

M E: AR AR A AR A 2R B AT AE Python gk 1284k, IF HLARAY SR ALANE A B 26 A B A 1A /Y
tp_basicsize, IAIRFRESIBE ZHPIR AL, (RAYSEAUAY Python HHAY T RALAAEH _ bases__
HRFR R R T8 e e mi TR, 5 AE VR RO 2R _ new_ () JyiERPRFS AS . IRAT DA SR AR 28 8
HA W HER MR KN tp_basicsize [ERBEGX M. FERZRIE, XHEZATVAR), HZE AW
FRRZ object, BANRFEANIRIEIEANINEA BT, AR N

AT ERR N Py_TPFLAGS_DEFAULT,

[.tp_flags = Py_TPFLAGS_DEFAULT, J

P A 2R BT R A E AT AR T AR IR o 1% RS T 220 Python 3.3 Z i E R FBIM R . A2RAR
TEEZWGL, ARF R 2O B R AR E T OR G255

HATH tp_doc FREURM— SR AT H.

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

JE . TERXFMENL T, FATATLAGEH API 5% PyType_GenericNew () FrifitigBRiASEoL.

[.tp_new = PyType_GenericNew, ]

BT PyInit_custom() HFHEELACAELASE, SOPFErb i HAth P 2 BT 75 2 B A

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

XA Custom KA, Jy—Le i SUEEE MBI, EFERATIERILGI 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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(R E—1)
Py_DECREF (m) ;
return NULL;
}

RORFERBN BB b . XARFRATHEREE S Custom FORBIH Custom SLHI:

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

MUEXEED FTR I TAER IR E s FF LR UL IAL N custom. c BYSLIHH,

[build-system]

requires = ["setuptools"]

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

name = "custom"

version = "1"

% pyproject.toml B3CEH, I H

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

TE4 0 setup.py WISCHA; SRIGHIA

[$ python -m pip install .

1€ shell H1 W% & AE T H T 24— 30 custom. so %% E; AL S5 Python --- /R 24 REWS I AT
import custom Ff2=idf#iH Custom %4,

RXFFAME, Ffuh?
MIR, AR HE SRR TG . ERCA RN, WML ER R AR L.

2.2.2 EEARGIRMBIEFT E

TEFRATH L SN — SR R R R AN A R LEIRAT R I B A DAVE B . R AR —
ASEREEE custom2 ETRINX LT fE -

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

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

} CustomObject;

static void
Custom_dealloc (CustomObject *self)

{
Py_XDECREF (self->first);

B T—3D
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Py_XDECREF (self->last);
Py_TYPE (self) —>tp_free ((PyObject *) self);

static PyObject *

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

CustomObject *self;

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

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

Py_DECREF (self);
return NULL;

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

I3
return (PyObject *) self;

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

if (!PyArg_ParseTupleAndKeywords (args, kwds, "[00i", kwlist,
s&first, &last,
&self->number))

return -1;

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

return 0;

static PyMemberDef Custom_members|[] = {

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

{"last", Py_T_OBJECT_EX, offsetof (CustomObject, last), 0,
"last name"},

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

{NULL} /* Sentinel */

bi

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

(M L—H)

(BT —1)
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(M L—H)

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[] = {

bi

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

{NULL} /* Sentinel */

static PyTypeObject CustomType = {

bi

.0b_base PyVarObject_HEAD_INIT (NULL, O0)
.tp_name = "custom2.Custom",

.tp_doc = PyDoc_STR("Custom objects"),
.tp_basicsize = sizeof (CustomObject),
.tp_itemsize = 0,

.tp_flags = Py_TPFLAGS_DEFAULT | Py_TPFLAGS_BASETYPE,
.tp_new = Custom_new,

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

.tp_methods = Custom_methods,

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

bi

PyMODINIT_FUNC
PyInit_custom?2 (void)

{

PyObject *m;
if (PyType_Ready (&CustomType) < 0)
return NULL;

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

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

return m;

(BT —1)
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€ WS-y
g
BB R A 5 2 AL B L
PAE custom KUK C gityfh iy =A@k, first. last §l number. JiA first F1 last A5 G254 7 A

2R Python ¥
Xt R A AR AP R B

. number JEEZE—A~ C BEL.

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

} CustomObject;

/* first name */
/* last name */

Ejﬂ BUEFA A Bdn

SEUERE, AT

VO N DAL BEXS S 7 FE AR . 2270,

FAVHT A — RO

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

—>tp_~free((PyObject *) self);

BLIR{EY tp_dealloc b

[.tp_dealloc (destructor)

Custom_dealloc,

1

BT ¥R & St 24 Python JE PRSI T4, Py_
1E to_new KM K L) . HIEE

XDECREF () W DAIEHFALFES R NULL 1500 (XA fig
)

FHH R 5 2700 tp_ free W5 (id Py_TYPE (self) J1HGE]
TR R NAE . TR R PARSE CustomType, X4 ]

AR — T RSB

HE): FEEEREE destructor B2 HIRATE N T Custom_dealloc #:5— CustomObj ect *
f%ﬁl fH tp_dealloc uéﬂ‘é%ﬁ‘ﬁ%ﬁ%sﬁ*/\ PyObject * B4l QRN Fiddst ks, X

Ln;quﬁﬁF]XfﬁiﬁﬁﬁiuJ

A B RS — D RR— DA IR i o =57

FiEs, BATREBE T —A> to_new SC:

static PyObject *
Custom_new (PyTypeObject *type,
{
CustomObject *self;
self
if (self != NULL)
self->first
if (self->first NULL)
Py_DECREF (self);
return NULL;

{

{

}

self->last

if (self->last == NULL)
Py_DECREF (self);

{

PyObject *args,

(CustomObject *) type->tp_alloc (type,

PyObject *kwds)

0);

PyUnicode_FromString("");

PyUnicode_FromString("");

BT —1)
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(R E—1)
return NULL;
}

self->number = 0;

}
return (PyObject *) self;
}

IAE tp_new A HLHE:

[.tp_new = Custom_new,

tp_new AbPEZR T RIE (MARWIIAL) ZERANT4 . EFE Python FHERFEN _new_ () k. EA
FEE N tp_new W, KPR LAY REERHEAR A EH PyType_GenericNew (), #tfR L Custom
KA — AN RA A ARE . FECIE BT, AT tp_new AFRZRKF £irst Ml Last BHWILGIE N
3k NULL A9 2RIAME

tp_new SFEZPLHULIIRE (RZERN CustomType, WERPELBIHLI R —N 1) PARAEIZIBBIH
R AR SE, HWOER R BT 920, tp_new ALPRZF BRI Z A EM X BT SE, HENSE
KBMGX SR, MRS EUE IR AR (B C HiY tp_init B Python i) __init_ pREL) Jrikk
W7,

ffil: to_new RN RAMIM to_init, FOAMMRERSBTRMNE.

tp_new SLMAVHH] tp_alloc MEALEHLNFE:

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

TN EC ] RES R, AT AHEREEIATZ HIRIA tp_alloc SPRHHIAHA Y NULL,

filEl: FATBA AFTHFE tp_alloc Mifi. M2H PyType_Ready () B id MIEATIEEAFREFA T L
B, HAEAH object . KHER/ AR BRI 7 B SR -

i) WA E— A MER to_new (BRI ELEM tp_new i __new__ (), AL FALfED
A I S8 D VA AT WL SR 1 S R I R 0 o S S L S R SR T R R, I B B
tp_new, Bl type->tp_base->tp_new. WIRMRAXFEML, VRAGIEALY[AIFELEK 5 HE t Python
JE CHYZEHY Python -2 AJ BETCVA IR TAE. (B AL, RATBE VA QB X HEM) TRy LB 225 &
TypeError, )

AL LT — RSN TN L BRI IR (W) 4h 1 B

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;

(HEFET—H)
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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 0O;

}

(M L—H)

WL tp_init AL,

[.tp_init = (initproc) Custom_init,

)

tp_init AL Python HERFEN __init_ () Jrik. EWAPRIERIEN RER BT HIIGL. WIih s

AL BN KRBTSR, BTN STEIN R ] 0 T R ] -1,

ARTF tp_new ALHAS, tp_init ARIUE—EXBIHM GIA, FEBAEILT pickle BIBANSAEREE

S PN __init_ (). BIEATREHZ WA . AL AF T AAEFATAI R EJA __init_ () J5rik.

P, BATHE R B E A S/ NG o BRI FRS £irst BRI

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

}

HEXARES AR . FATIREBIRA R first BUAMZERL, PIE Al AR R 2SR X4 .

E R AT

A—A2PAT2RA07 0 first AR AIHTHES; BB RATiage Al e R 2 A ATFE 25 41 T AR AU

FEHAN AL Fas AT ARV I AME L IRATHI R -

N T RFREFIF A TR XA T RENE, AT DL B2 2R B 5 I s e TR T4

ISP AGE AT AT AAN A6 FRIATARR?
o LIATHBIIES AT 1 ke
o MEATVHEX SRR B LR GIL A2 FEUTAIRT AT I A A 1 118 1 1) 46
o A tp_dealloc ARFRAR AN SCRFIEFFAR M 2R A1 5 T HEO e

FATATRESARRFFA AL B AL T R ER N S . A JUAR T AT AR — o e ] B 7 2 i SO A

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

bi

VTV A SR R AR, TR R ST AR RS AR A
P AEATR I EA TR tp_dealloc AbERRRH X —HLH], B RHFATH BB SRR K.

22. BEXLT REE: #HE
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R i EF] tp_members f#{ H:

[.tp_members = Custom_members,

J

BB SV LA R AL st . VSRR AN SCRE AT R o ST R IR 2 2R 15 52 /IR
THRENRS . section below for details.

BT BB S 2 B B SRR AT IR 45 Python JEYERXT G ik . FATHUY first il last )44 Fx
HFAFER, (LB AR LTS Python X5, BLAL, X LEJm ikt nf ARMER, H4F C 4548 NULL.
BPBEFAT RS AGRUEIX £ B B3 BRI A A ol NULL fE, A0 Rk L J A e X 22 i B3 47 T 45 NULL

FMTE ST —DHPAY I L, Custom.name (), BERFAFGA FRE A first 71 last FYHFEE .

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);

}

BITEARYSEBUE A2 — %52 Custom (8:class:/Custom [111-38) SEHINERH— SR C kil TrikEae
TR AEPWENT DS TR RN A BN R TSR, (AP RN TR EZAL M S HEAT
RIRZAAESHOCH SR T SR RITIRE M T PAT Python J5ik:

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

FEERNTLAHGA first Al last MEEE TREN NULL. X ZE TN AN, o Feils
BB NULL ST R A2 7 R 2 SR T PO (EL BRI A o JRATPRAAE T — 35 1 AR A2

X

Wy ©

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

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

bi

(EHERAE A T METH_NOARGS ARG Iy VA R UER 2 1 self DASMWTAT 40
HREHMRZ tp_methods F{:

[.tp_methods = Custom_methods,

]

Ba, TATEMEFATAERT P EIR A T2 EE . AP O S IA TR T L A I TR S BB E ok
B el i X528, BT AT 75 B @K Py_TPFLAGS_BASETYPE ¥ BN R ATTAY SRR & X Hp:

[.tp_flags = Py_TPFLAGS_DEFAULT | Py_TPFLAGS_BASETYPE,
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FA1¥F PyInit_custom() B4 N PyInit_custom2 (), ¥ PyModuleDef £ K HFIMERZFR, IF
BB PyTypeObject Z5HRTIHERESY .

e, FATEH setup. py SCHFARBITHTAIRIR,

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

1)

RJGHATE 2 VA RENS import custom?2:

[$ python -m pip install

2.2.3 REN T LR R M E EAR AR

TEAA o, AT custom /Rl £irst fl last JBHEAR BT ER 030 . RN E—Ap s
W, SEfASE first Fll last A AR N AETFAFER(EE 20 5k . FRATA EE A PR 28 J@ P R 2 S A R

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

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

} CustomObject;

static void
Custom_dealloc (CustomObject *self)
{
Py_XDECREF (self->first);
Py_XDECREF (self->last);
Py_TYPE (self)->tp_free ((PyObject *) self);
I3

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;

BT —3D
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}
return (PyObject *) self;

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

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

if (first) |
Py_SETREF (self->first, Py_NewRef (first));
I3
if (last) |
Py_SETREF (self->last, Py_NewRef (last));
I3

return 0;

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

bi

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

{
return Py_NewRef (self->first);

static int
Custom_setfirst (CustomObject *self, PyObject *value, wvoid *closure)

{
if (value == NULL) {

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

return -1;
}
if (!PyUnicode_Check (value)) {
PyErr_SetString (PyExc_TypeError,
"The first attribute value must be a string");
return -1;
I3
Py_SETREF (self->first, Py_NewRef (value));
return O;

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

{
return Py_NewRef (self->last);

(M L—H)

(BT —1)
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(M L—H)

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

}

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

bi

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

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

I3

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

bi

static PyTypeObject CustomType = {
.0b_base = PyVarObject_ HEAD_INIT (NULL, O0)
.tp_name = "custom3.Custom",
.tp_doc = PyDoc_STR("Custom objects"),
.tp_basicsize = sizeof (CustomObject),
.tp_itemsize = 0,
.tp_flags = Py_TPFLAGS_DEFAULT | Py_TPFLAGS_BASETYPE,
.tp_new = Custom_new,
.tp_init = (initproc) Custom_init,
.tp_dealloc = (destructor) Custom_dealloc,
.tp_members = Custom_members,
.tp_methods = Custom_methods,
.tp_getset = Custom_getsetters,

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

(BT —1)
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HEHEE—5)
.m_size = -1,

bi

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

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

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

I3

return m;

}

N TSR first B last @M, FRATREEN B & BB MBCE S R 8. PAN e T B ik
B first JEIEREEC
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;
I3
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;

}

PR AR — A~ Custom MRM—A> “MIW”, JaER— 8. AT, % pan. (M
SCRRIFE SCER AR B 2 SRR FI BB R S UM . BN, AT RARSO R e vr— 2L AR HOAS ALl R SR 3
P v B Bt s SO B B Y T ) o

BEARBEZ LA Custom MR SFHEAMM . FrETREN NULL, FEX AP E0 T B PER g bR . 7234
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MBCERR T, WA B PERM R B AR A R F AR M &5 A — iR
AR — PyGetSetDef L5 R I%L:

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

HHE tp_getset A M E:

{.tp_getset = Custom_getsetters,

]

1k PyGetSetDef LMK iR /o— U2 EHfe R “HIA”. FEABIF, JATBAEMMAE, FHIEEIA

f£ A\ NULL,
FATIERLER 13X L JE@ A0 il 51 s S

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

bi

FATEFZHR tp_init AR RN N AR TR

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

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

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

}

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

}

return O;

}

WX TR, IRATREE AR first Fl last M R—E AN NULL AERATREAE LT Fra 15 L F Rk NULL
{HR A . XEWRE KT Py_XDECREF () Y H#A A AR E%5#0h Py_DECREF () ##IH . FRATASHE T oo £E1

3 BUAEFRATVANGE first il last i GURDRFARFER , RILRVFRA AT DA B WS DR TTECR A NVD, R, RN IE B2 A T2

S BRI A AN R FATH AT, FA T A BEARAIERE R — A5 ER T2 SE B AT TS SAT T
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MR ME—37 2 AE tp_dealloc SEHHT, HRHLX B 5 ORI AR LA FTBETE tp_new HRI,

FATEE A4 T BRI G R BRI AR AL R B P R A, RN T Z BBy —#F, AL setup.
py SCHAIN T — BN E o

2.2.4 ZHHEMLIREI

Python FLA—ANn] DAARIFRAN P %E’JX}L%E’MﬂfﬁJ&DHi (GO) BMEEMREIHHEIF AN XFED
SAERTRPEIAG | I 2 4. B,

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

FEXABIT, AT T M A SR, BIRATMERE e, ERH R EA ok A ARG
UM ERMFITEORRRE N Z . Sz, Python MFFERELIL MG e 4 % I8 2 To I I Bl R
E .

¥ Custom /RFIIEE AN A, FRATAVHERZRAN S A7163] first B last @, WAL, S
FEE =AU, AR A 72446 Custom, H HFZ0TARIME R EYE. BT B4 5 A H A AT —A4>,
Custom Xf A A PAIATEER :

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

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

BAVF—MINAG G Custom B REGIRER GC IEHAIANLEE, FATH Cust om KRB TEIHEH
WIS L3 AN HER R 5 K LA

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

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

} CustomObject;

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

Py_VISIT (self->first);

Py_VISIT (self->last);

return 0O;

}

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

BHT—3D

ST, BRI E R B AR L], PR R AT DME AR st TP I RERE T | AR
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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;
s
self->last = PyUnicode_FromString("");
if (self->last == NULL) {
Py_DECREF (self);
return NULL;
}
self->number = 0;

}
return (PyObject *) self;

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

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

return -1;

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

return O;

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

bi

(M L—H)

(BT —1)
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static PyObject *
Custom_getfirst (CustomObject *self, woid *closure)

{
return Py_NewRef (self->first);

static int
Custom_setfirst (CustomObject *self, PyObject *value, void *closure)

{
if (value == NULL) {

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

return -1;
}
if (!PyUnicode_Check (value)) {
PyErr_SetString (PyExc_TypeError,
"The first attribute value must be a string");
return -1;
}
Py_XSETREF (self->first, Py_NewRef (value));
return 0O;

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

{
return Py_NewRef (self->last);

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

{
if (value == NULL) {

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

return -1;
}
if (!PyUnicode_Check (value)) {
PyErr_SetString (PyExc_TypeError,
"The last attribute value must be a string");
return -1;
}
Py_XSETREF (self->last, Py_NewRef (value));
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);

(M L—H)

(BT —1)
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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 = {
.0b_base PyVarObject_ HEAD_INIT (NULL, O0)
.tp_name = "custom4.Custom",
.tp_doc = PyDoc_STR("Custom objects"),
.tp_basicsize = sizeof (CustomObject),
.tp_itemsize = 0,
.tp_flags = Py_TPFLAGS_DEFAULT | Py TPFLAGS_BASETYPE | Py_TPFLAGS_HAVE_GC,
.tp_new = Custom_new,

.tp_init = (initproc) Custom_init,

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

.tp_methods = Custom_methods,
.tp_getset = Custom_getsetters,
bi

static PyModuleDef custommodule = {
.m_base = PyModuleDef HEAD_INIT,

.m_name = "custom4d",
.m_doc = "Example module that creates an extension type.",
.m_size = -1,

bi

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

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

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

Py_DECREF (m) ;
return NULL;

return m;

(M L—H)

W5, WAL GC HIARES S RN F X R:

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

{

BT 1)
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HEHEE—5)
int vret;
if (self->first) {
vret = visit(self->first, arg);
if (vret != 0)
return vret;
}
if (self->last) {
vret = visit (self->last, arg);
if (vret != 0)
return vret;
}
return 0;

}

SHFREA T DUIAIGIR A4, AR SR visit O K, BEoWBibAmDihk. visit () WL
%&i&”?ﬁ%%ﬂ%ﬁﬁéﬁﬁlﬁ IRV BINSEL arg VERHBHL BRI HEH AR E I A AR 1] (1 R XL

Python £ fit T — A0 B g i A visit B ALK Py_VISIT() %. i Py_vISIT(), FATA DA/
Custom_traverse PR T/EE:

static int
Custom_traverse (CustomObject *self, visitproc visit, wvoid *arq)
{

Py_VISIT (self->first);

Py_VISIT (self->last);

return 0O;

ffilll: tp_traverse SCHLLAURFHSHUEG A4 K visit #1 arg LAMEEIT Py_vISIT ().

B, AT ER P TE MG AL ] AS G ERAY X 5%

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

t

THTER Py_CLEAR () ZEMFE . BRIEBRAL BRI R Bt B M I el D 5 | T Bty #7742 42 75 5K
URAR B AR R NULL Z ()@ 4 BRI Py_XDECREF (), WISM:MHTAEA 1] fE 2 [ FHR
BEPOR B PR G 3= RS | RT3 -

HEl: PR DAL DA R Bk Py_CLEAR ()

PyObject *tmp;

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

Tewetn ], AEMN R JE A G 2448 B Nevertheless, it is much easier and less error-prone to always use Py_CLEAR ()
HR 2 R B H SR G iR AR o TN EEE i DAL A A B i M AR !
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BEjiles Custom_dealloc Al RESHETHIRIEMERT T AL B A . X EWREIGER GC v] ATE R £ A FR9% il %
HF GC BT TR AR, FAIFFEEL I PyObject _GC_UnTrack () ik GC % 1FIBEAH KX
%, FHEFKANEH Pyobject_GC_UnTrack () fll Custom_clear EHLIMEIBIES:

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

o, AR Py_TPFLAGS_HAVE_GC ARG IIE FE AR -

[.tp_flags = Py_TPFLAGS_DEFAULT | Py_TPFLAGS_BASETYPE | Py TPFLAGS_HAVE_GC,

J

REEMEARZ T WRIAME T HELH tp_alloc M tp_free ALHER, MIFRATH ZH R OGERLIR [B1UL

RBEUWE. KLY A A shifitr .

225 FRMLHMAE

QUEIRAE B A BB R B A TR . IR 5 MR N ERBIAR , DA™ AT LA (4 6 11 P

3 21 PyTypeObject. FEA Y RIEL L [A] 3L ZIX L Py TypeObject Z5H4 1A U2 I XEHY -
TEAGI R BATRAE— oK G A List 8 subList KA, XAFRALIFEaFaT IR, (BXF

WH—HIMNY increment () JyiE M T BB N ET TR AU :

>>> import sublist

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

>>> print (len(s))

6

>>> print (s.increment ())

1

>>> print (s.increment ())

2

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

typedef struct {
PyListObject list;
int state;

} SubListObject;

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

self->state++;

return PyLong_FromLong (self->state);

}

static PyMethodDef SubList_methods[] = {
{"increment", (PyCFunction) SubList_increment, METH_NOARGS,
PyDoc_STR("increment state counter")},
{NULL},
(B T—1)
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bi

static int
SubList_init (SubListObject *self,
{

PyObject *args, PyO

if (PyList_Type.tp_init ((PyObject *) self,
return -1;
self->state

return 0O;

args,

0;

static PyTypeObject SubListType =
PyVarObject_ HEAD_INIT (NULL, O)
.tp_name = "sublist.SubList",
.tp_doc PyDoc_STR("SubList objects"),
.tp_basicsize sizeof (SubListObject),
.tp_itemsize 0,

{

.tp_flags = Py_TPFLAGS_DEFAULT | Py_TPFLAGS_BASET
.tp_init = (initproc) SubList_init,
.tp_methods = SubList_methods,

bi

static PyModuleDef sublistmodule
PyModuleDef_ HEAD_INIT,

{

.m_name = "sublist",
.m_doc = "Example module that creates an extensio
.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 *)
Py_DECREF (&SubListType) ;
Py_DECREF (m) ;
return NULL;

}

return m;

(M L—H)

bject *kwds)

kwds) < 0)

YPE,

n type.",

&SubListType) < 0)

WARFT L, SRS 5 2Z BJLAY Y Custom R BIARF AL, BA

TR — e Z a3 2 K5

typedef struct {
PyListObject list;
int state;

} SubListObject;

44
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TRA AU G 225 RAE T H LR R RS A DU 5 —ME . BB O R A IR L 4E T
PyObject_HEAD (),

% —~Python X422 subList HYSEBI, B R PyObject * fi4l il AR =it il #6454 PyListObject
* 1 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 0;

}

FATATATE L TH 7 B AR A2 i B B2 init () Jik.

XA AE G S HA H E X tp_new fll tp_dealloc M AMEAENBEE. tp_new MBI AN HEA
tp_alloc WXL LR BCNAE, M2 TERISE M HCW tp_new KA E.

PyTypeObject L Ff il tp_base f§ & RAAY IR B K, ) T 85 -F & % 1 & 008, 1R Jo 34 B 1 *F
PyList_Type W5 HIREHIHFIXTBG B MBS TERHA 46 o o £ h 58 il

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;

}

TEPIH PyType_Ready () ZHl, KEEMAUMNCRITE tp_base fifii. LEAIMIALBIRER, E
ATTENF tp_alloc MIHFEN PyType_GenericNew () -- 5 [ HRAUAY 7L B BCRF SRR o

TEAIRZ 5, P PyType_Ready () HR2RAURAS MBI b i id A2 5 EAY Custom /R B2 —FERY.
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I3

23 ELY BRER: EFEXER

AET H AR AR I] PASE B 288 Ty vk R LI R R A 47 -
X2 C XM pyTypeObject B, &M TN I ER 7B

typedef struct _typeobject {

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

/* Methods to implement standard operations */

destructor tp_dealloc;

Py_ssize_t tp_vectorcall offset;

getattrfunc tp_getattr;

setattrfunc tp_setattr;

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

reprfunc tp_repr;

/* Method suites for standard classes */

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

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

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

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

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

const char *tp_doc; /* Documentation string */

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

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

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

/* weak reference enabler */

BT 1)
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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;

struct _typeobject *tp_base;

PyObject *tp_dict;

descrgetfunc tp_descr_get;

descrsetfunc tp_descr_set;

Py_ssize_t tp_dictoffset;

initproc tp_init;

allocfunc tp_alloc;

newfunc tp_new;

freefunc tp_free; /* Low-level free-memory routine */
inquiry tp_is_gc; /* For PyObject_IS GC */
PyObject *tp_bases;

PyObject *tp_mro; /* method resolution order */
PyObject *tp_cache;

PyObject *tp_subclasses;

PyObject *tp_weaklist;

destructor tp_del;

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

destructor tp_finalize;
vectorcallfunc tp_vectorcall;

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

// Strong reference on a heap type, borrowed reference on a static type

(M L—H)

XA RS IR HEAZRIL, WRAREE R, W5 AR E Ik,

S B HER B
PABRATTA AR E N IAELT R B SU I I . @ ER A S E M SRR 2 F B el 1, R

AR RN —FF, FATIEZE AN G A BIRR o PO KR A D7 SRS
AHRIE W AREHI AL

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

1

KRR L7 - BRI, SHIERZHTT, JUPamEE T A . Sl s, Xt

T RARD).

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

P B IR T AE ﬁﬂfﬁ/l\ééﬂﬁ’ﬁﬁﬁ%ﬁ? ML /D INAE . Python Sy 7RIS EEREEH (R

s, méﬁ) FLNELFS, X2 tp_itemsize FEAFEREH . X0 F R

[const char *tp_doc;

HEARAT DA E — B i (BCEERHhE) , 24/R48FE Python JHIZAS [ obj.__doc
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ik
BAERANIRT — T EALRTTIE - REBY RIEBRF LB T3k

2.3.1 REFAERER

[destructor tp_dealloc; ]

LA BI G| T B 2> %I H. Python MR AR 2L eI, KFR I BE R 2. WRARAY RN Y
AR A T ARV B, ARAT DA B L. W R A B SR X BRI DA 2 BE R B R 1) -

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

USRARAY I SRR e, AL g B 24 A3 BT A8 R B Z Wi ] PyObject _GC_UnTrack ():

static void
newdatatype_dealloc (newdatatypeobject *obj)
{

PyObject_GC_UnTrack (obj) ;

Py_CLEAR (obj->other_obj);

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

}

— A AR bR ECE L ER 2 IR T R e R CE AN Sl . X AR E LR R 2 RS O i
M, Ui FFERBE (MAEEERRED, ANSEEMINERT RSB B — 505 MR e . IR
FEAAT AR 2 B MG N ) Python ACHE AL £ S 5 B W E . X P AE S BURRERS iR AT R . IR
RIPITEE, TEARIAR L EEAERT, AR, RGELEREWE . HWPAEE PyErr_Fetch ()
M PyErr_Restore () PRECESLH:

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);

(€ & )]
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HEHEE—5)
Py_DECREF (self->my_callback);

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

ffi[E: 0k BE TERE A% R B0 % A AT R B AR IR 1 g, AR AR Y 26 28 S s i I e (T
tp_traverse Ml/E{ tp_clear), XFZRMED NG Al ATEII ] tp_dealloc WFRESBALE, HIK, 7E
tp_dealloc H!, RHIXIRFFAETARERE: EWGUITEETE . ALAHEHEBRE R 8 APT RE T (0
R B TR S AR AT BE SR tp_dealloc, SEOERMOR KA H.

M Python 3.4 FFify, #EFFAREAE tp_dealloc MEAMALEM, WM AN tp_finalize AL,
b4
PEP 442 ff R T AL T & .

2.3.2 MERBExR

TE Python Hr, BRI 0] DAAE AT 1 SCARRIR: repr () BRI str () pR%L. (print () RESEHIEM
H str (). ) XS FIRL AR 2 kY o

reprfunc tp_repr;
reprfunc tp_str;

tp_repr ALPFRIF VAR — DN FRHHRG, KA w S B pli2oniBa. e — M fip) 1

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

?ﬁﬂ%?ﬁﬁ?‘éfé tp_repr ALPREE, MERESRRFREHE— NIRRT tp_name HYFRIRTEA DA SO R A ME—FR R
tp_str ALFEXT str () BN EIARY tp_repr ALBEEXTT repr O —FF; W2, B 471 Python f{
TBTEARIIXT R FA LB B st O WA EMEHS tp_repr lREARFAHML, HHAEPR TR Z
WAFERN . WRARIEE to_str, WA tp_repr ALPEEARAE.

DATT 2 {1 ff e pr) i 91

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

XTI SCRP RO XT G, AU R SR A I TP il SR RO S e . F 20— B I 3
JEYER R AL (ANAE ST AT IE) B2 5 — RSt w e (R AR EE) . BiREER—
FHRFIRTE DL, FEBUIGOU T B 45 b BRER BT {E ) NULL,

Python SCHFWIAT I PEALIRG : —ANSCRF IR ML SRR 0 A B S XSO, P22 BIAE T x4
Z char* (ERIRMEATR, 115 XHEEZ Pyobiect *. AR RORIAS AT DAZER MM T2 S0 0 FIPE K 3
7R

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

/% oaa *f

getattrofunc tp_getattro; /* PyObject * version */

setattrofunc tp_setattro;

AR T ) — X R JE AR B2 A B A (IXREAE T SCHEATARRE) | DAY — 283z 1 S B mT Bl o £ it
PyObject* A EMAA LR . A Python 2.2 JFAERT-IMU 4 Ja i) Ja PEAL PR Y 52 P 5 2 LT B 58 421N
K, RUEIRATAER VIS 1 AR BRI B Ao iy ml e AL e 315«

RBRMER

REHY RIBEH Wi gEt:, e, i@l “fim” 2 HFRZWE N0
L. 4] PyType_Ready () W}, WAHUHIEJEMERI AR,
2. ANREHFIRAEHR OB R B A REORE , WA TEAMRIEE R

TR, WAIFARKHE VR . R0 A ) B AR & e i 776 2Rt AT AT BR 46

X4 PyType_Ready () $ N, B 2B RS | =2k 4 8 B0CE 2 A0 4 i1 5 i
Wdescriptor . A FE RN SEHINS R B —DEIERTT I BRI ATIERY . MR =R EH Y NULL,
WU B SE B A I E TR RE AR ORI B I, I HaB IV 241k tp_getattro fll tp_setattro ¥
Beffs oy NULL, PASRIA SRR A P L R 1

WA object:: FEALMY =47 BL:

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

IR tp_methods A% NULL, MELAI— I PyMethodDe £ Z5HIRAL AR, A4 H A
R — A5

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 RIS T SRR E N H s BB ROR B IETE i SR H . IR EAEAR N
— BN Bl MR AR H o IR A H 9 m1_name FBUAAUN NULL,

B AR SCEEE ARG SR B JE . M Isn C RN 23508, FF Him oy Xl Ak
Ry . R g SOh:
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typedef struct PyMemberDef ({
const char *name;

int type;
int offset;
int flags;

const char *doc;
} PyMemberDef;

MT RPN EHE, B A descriptor FEERINE 2528 (il H BB 0 M 52 B 25 A (R h 2 Ul . type FB
WAL —NEAI AN Py_T_INT 5{ Py_T_DOUBLE; %{HNFH T4 & Wi{i ¥ Python {E 544K C {HEK S 2 .
flags FE T ARAEE @ 2k B AR5 1 AR . AR AT DAY H% Sk Py_READONLY PABJ 1l Python UA% %
BHE.

il tp_members FHRAE T IBFTH YR 2EEA —AA BRIV SRR DX FP Oy 3 SO S pE#R vl A
AT B 3 3 AE R P R SO SR B B AN IR SCRY AR . — NIRRT DA F E A APT MZEXT S 1R
HEARSE I doc_ B RIRBURY 745 .

5 tp_methods £—FE, FEAH—ME N NULL ff m1_name W§IE44H.

RBEREMELERE

AT B, X B HEUR char* U4 name JEZ 2R char* Fll PyObject* KU O 2 [A]AGME—X
Blo XSRS bR AT 5 iz s G E R FE (B3 [ FE Python 2.2 Hyni iz i k. B
BT AL B B IR Y, BRI A SR AR SE TR Y R E IR EIEE . VRSB 42 W B
tp_getattr AP STEN SR T EHITEEERBYRA . B8NS G5 — 180 _getattr_ ()
T YRR FH 3 A A ]

S5 [ :

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

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

ML __setattr_ () 5k __delattr_ () HIEBS SV tp_setattr AbPRES. M7 LMk
—ANEMR, FEAESH N NULL, FE — AR RS R S E BT R e SR AR Y,
tp_setattr AFEERY S P H NULL,

static int

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

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

[richcmpfunc tp_richcompare;

tp_richcompare ALPRERATETR ZHAT R BT HA M . BRMT &HRFE, #il _1t__ (), Hapk
PyObject_RichCompare () #ll PyObject_RichCompareBool () .

I BR B E FH RS A% A1 Python X R A BAFE M S8, Hrha8 458 Py_EQ, Py_NE, Py_LE, Py_GE,
Py_LT { Py_GT Z—. ‘BN 24l 4§ & 11z F AT K LR W XS A R VR T iR [F] Py_True 5%
Py_False, QI HEERERISL P B 2l HABXT 52 U4 i iR 0] Py_Not Implemented, B{E IR
WE T 5 WA [F] NULL,

NHGE RO, BRI IAIR YRR ST AR/ IMHSE A A S

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

PyObject *result;

int c, sizel, size2;

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

sizel = objl->obj_UnderlyingDatatypePtr->size;
size2 = obj2->o0bj_UnderlyingDatatypePtr->size;
switch (op) {

case : ¢ = sizel < size2; break;

case c = sizel <= size2; break;

case : ¢ = sizel == size2; break;

case c = sizel != size2; break;

case c = sizel > size2; break;

case c = sizel >= size2; break;

}

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

return result;

2.3.5 R LZHF

Python SCRFZFf b 2 A0 ; AR AR AT X 2545 11T B9 & 1182 1 LTS 7E abstract WP

XLl g% AR Z AR 2 (e Python SEELTF A B E L. i, 205 WA SN —IF Rt 2
22 Python MLLHR Sy« FABYMINZ G AR o« X TR LE kK B S8R S AL PR BRI HMSOR UG
BEIR B PSR SORSREUNE G 5 | A AL BEAR B ATk T BEOHT A MM BOR UEAE TR AR G s A B Al
{37, FAA — ISR LR HE AR GE B2 RS RS A . (LU (I AN 2 R W (B E NULL
RS DL, AT DABCE IR R A8 B — B LR, BRI AT REARFF R RARES )

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

QR ARA AR R AT R R — A EF . PN X 5, I A ARsE 2253 B E — A SE il T C A
PyNumberMethods, PySequenceMethods i{ PyMappingMethods, B85 A B ik RN 57 03 24
MBI A S E5 7k . /R7] ATE Python YRS &AL Objects HsgH R EIX SEXT R4 H M R B

52 Chapter 2. RERAB=KTRBIIRAE



Extending and Embedding Python, %([F] 3.12.3

[hashfunc tp_hash;

RARVEFE SR UL R, B R 2 A AR A R SR 2R ) S AR [l — IS A KB T T e — R ER A s

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;

}

Py_hash_t &SR T RE-FE AR5 BECR. M tp_hash R[] -1 FoR&4ATHiR, Xtk
AE 2RI 24 R A NG A SN IR B B, BT IS AR R o

[ternaryfunc tp_call;

BURRELSHE TR VRAEE B SL BRI , 280K 16, A0SR obd 1 BRAYEIEZ ALY ST Python Ji
AT objl ("hello"), NFAEIHH tp_call AP .

W Z = AS 5L
1. self ZAE R B AR BEEEASLF] . AR /2 obil (*hello'), W self 2y obil,
2. args RUTTAMSHWCH . RATAA] PyArg_ParseTuple () RIS,

3. kwds B HEAN XEFSHABWFH, MR AN NULL HAR S X725, 0w i
PyArg_ParseTupleAndKeywords () RIRSE. WIRARAE LR KBS 500 B SV 3E NULL {4,
M 25| % TypeError I — M HERA LR T SEEIHE B

NHE— MR PR tp_call SCH:

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

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

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

}

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 R A T X AP SR . XA B AR Rz — B S, BB ATR0E A i g 52691, iR
B —ANEE I MRS, BTN BE—A 55 R B NULL. tp_iter XfF Python __iter_ ()
i, M tp_iternext XPWT Python __next_ () hF¥E.
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{EArfiterable X} ERNSEI tp_iter ACPRER, ZALPRERNIR [0]—Aiterator 342, I 525 Python 2EfT [
T[] — A5 S )

o XFT R LASCRREZ AR AR 2 e (g RAoCd ), W M AER R tp_iter WFAIEIFR[E
—ANB A -

o HEERER RIS GEEZ M TERBEN A2, flnscrExg) al AR Bl — g1 H
DB IR tp_iter — FF HOBIIERY 2450 tp_iternext ALFHAS.

1A iterator St G#8M 24 RS2 tp_iter Fl tp_iternext. — LI tp_iter AbFHILR 243R [6] —
MG ZIER ST . B tp_iternext ALBRERN 23R [m]— N5 ) B A ERAER T — N R HE 1
WA T XL ME. R ERERAKRE, W tp_iternext WPURM] NULL MiARERE, di&d
Al PATEIR [B] NULL f LRt b RN StopIteration; wEG R AT AP~ A B HIMERE . ANSR &2 T S8Rl
B, W tp_iternext W4 R 2 BE A5 R [E NULL.

2.3.6 H5|HZE

One of the goals of Python 55| FiSZBLEY H AR 2 —J& VAT = 2K 2 5 555 | AL H 0 A 276 AL BE X 5
(Blangs) br=E@isbIrey.

hz=%:

weakref B SCRY .

X RIARESS T RS, § RBA R E tp_flags “FBH) Py_TPFLAGS_MANAGED_WEAKREF fif. |H
) tp_weaklistoffset FEWV Y{-ENE.

FARHIE, PATF At i B R 28U G A 1

static PyTypeObject TrivialType = {
PyVarObject_HEAD_INIT (NULL, 0)
/* ... other members omitted for brevity ... */
.tp_flags = Py TPFLAGS_MANAGED_WEAKREF | ...,
bi

ME—RYEIMD S JE tp_dealloc FRENHRTAES5] H GHLHH PyObject_ClearWeakRefs ()):

static void

Trivial_dealloc(TrivialObject *self)

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

2.3.7 ESEI
N 2T AT AR R SR SR AR T vk, BRI CPython PR . BEA Objects Hig, SRJFTEC
PSR ER to_ IN_EARAEZIA A (BIAN, tp_richcompare). RFFRBIIRAEZ LU R BT

MR B UE— DX R R AR I B B AR SL By, 5] PyObject _TypeCheck () M4, EM
— R BT

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

BT —3D
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(R E—1)
return NULL;
}

hz%:
T % CPython JR{URSRRA .

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

GitHub | Jf% CPython JE{Ci%F) CPython JiH .
https://github.com/python/cpython

2.4 BiTCH C++ IEFZFEH

—1il CPython 1) C e M2 — AL R (BIANALE Linux FfY . so %, 7 Windows A% .pyd), €
WE HH— {4 1 % X

HNT SN, FEENE PYTHONPATH Wi, HaM 4 A PR 4%, FE0 A BT R4 . 24l
Ji setuptools I}, £ B zhA i IERAK) 44 .

WAL R R BH AN T -
PyObject *PyInit_modulename (void)
PR AR ] SE R I (I AR, B{—A~ PyModuleDef Sifil. if#% initializing-modules T ff 17 .

XTFANA ASCH i ptie 42, BREULAIE PyInit_<modulename> , Y} <modulename> il A
M4 5. 24{# Jl multi-phase-initialization Ff, FRiF# il 3F ASCIL 4 i (A 44 . BLISH) 46 Ak bR 507 44 - 42
PyInitU_<modulename> , [ <modulename> F5%% ] Python ] punycode #il, EFSFEEW N TR,
7£ 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 PAE—Ah A LG 2R, il E LIRS A AT T BT S BE R B E AR
PR BRI AR T SO BB Sk B #R 7 —A B e § Ak BT, A5 PEP 489 TR E 241
RIE

24.1 {#f setuptools #3J3£ C 1 C++ ¥ B

Python 3.12 J T #H ASA F-EL5 distutils, 1522 https://setuptools.readthedocs.io/en/latest/setuptools.html |
ff) setuptools UK EE ZHh T ANl i ] setuptools KAGEFI 5 & C/IC++ .
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2.5 7£ Windows t#J3 C 1 C++ ¥R

X — B A B4 T A 5 ] Microsoft Visual C++ £l 73 Python f) Windows § Atk SR 5 B A & H TAE
LTS S5 B . XSy IR R}HE S FH T Windows F2)7 512 > #4978 Python § DA K Unix &7 512>
HIa] A= BAE Unix Fl Windows Y588 B S AL #2000

SR distutils J7 ZORM A AL, A AT IR 7. RO FEMEA C kit
¥4 % Python; 3 %5~ Microsoft Visual C++.

il X —EEH N T2 MU RIS Python AN 51 SCHES o X8 SCHA AR N XY IIRAS S 5 18
SEERH, TX KRR BT R Y Python AR IR B EICAS S Y SRR AT . B, AR AR ) 2
Python 2.2.1, XY ¥k 22,

2.5.1 iEz\i5EA

54E Unix bF—#¢, 7€ Windows &Y A A PR 70 (] setuptools s Hlfy IR, B¢
FHETFIEAE. setuptools 17Xk H T K25 ; i/ setuptools M EFNFT Y AL H SR L1 7
setuptools #3E C Fo C++ 4 e o WERIR A MRE R T ET M, IAHFH—T winsound AR FEBLH I H
T RE SR A F ). standard library module.

2.5.2 Unix 1 Windows Z gl =5

Unix I Windows X TAUR AT E ] 1 5 AR AT FERel g nl sh a2 fy, %
I T IRARBT I AR Ge 2 ander AR -

£ Unix /1, — IR (Cso) SO ERF th AR PR BT A ACRD , L SRR e T B4k 31 1 o 2044 A
A o 24 SRR T BRIy, R SO AR FHosk 28 R BRI i ) 4 v | AR 2 RO H 10 AR e v ek 4L
AL AAF P I B S PR B XA b — DR

1 Windows 1, —EIEHEREE (. A1) XA BRG] . e i i — AT e Bl i i
Vi s fTi DLL AU Aozt dif g Mo, RC26M T DLL fy&fdk, FHAz
FrIEEAR R S PUE T AT 175 5 1Y R ORI -

& Unix 1, AFEAE—FESCHE (La), EWERAZDNERIT (o) BRI, TERIEIE MR I (Lso) 1Y
HEREY B, HEEAR AL AE S R BT A HIE R AR IR R AP L E S . SRR AR A P B R SO P A 4R
B WRE T, S S AR BN GO A R

75 Windows 11, {FZEWiRIIERT, WASHERISEARE (FRAHRE . Lib). MASHERMT Unix 1y .a i ©
B TE B TR AR RS, 5 AR b (T LB B R R R 2 ¥Ry, FLIFE DLL
AT TR . SRR B T G R 15 AP o R 8 A5 4 DL 8 K (076 DLL 108
HF. AR B DLL BERERERT, TAES B~ AR, 4 B0 T B 73 DLL 11 i
1A I S DL

BAAR IETE G IR BN B F1 C, BTN 4I5S A 78 Unix |, IR RENRF AL a 1545
FEREARE N B.so fl C.so; P RECEPEIEFIK, XFE B A C R 5IHA B CMEIA . 7 Windows
b, iiE A.ALL FFFEEHRIFE AL 1ibe R B S5 AL Lib A EEEASH T BRI Co AL 1ib IFAEE R &
NSRBI T A ARSI R .

1£ Windows |, S ABER SBEMA import spam; BEiLARAT AT spam A FR, (HIFASA]#
—ANEMEIA . 7F Unix b, #E28—PNEFEBE from spam import *: BEE—ASEMMFEIA,
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2.5.3 DLL BY=cBriE
Windows Python /2 7E Microsoft Visual C++ HHH4 A5 il AR ie 2 ] BE S T RN & TAE . AR HAH
A REE T MSVCH++ 1.

247E Windows H 4 DLL I, fRIAZIRS pythonXY- Lib fefytlteds. 4P DLL, spam Al ni (& 1]
spam FFHREH) C BEO, TR U PAT v

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

2O E T =430 spam. obi, spam.dll fl spam.lib. Spam.dll A& {E{] Python % (7l
il PyArg_ParseTuple ()), {H'E# pythonXY. 1ib A PAFIIE WA+ 2] fr 75 A9 Python LAY,

’“;:&%/BAQIJET ni.dll (PAJ .obj Al . 1ib), BEHIEAMA spam PA L Python AJ AT SCHFH R E Fr iz Y
PR

AR 20 T B AR R R AR BT ] HA A e (60FF Python) #RAEA BRI FR AT,
RIAE | _declspec (dllexport), BLUIME void _declspec(dllexport) initspam(void) Bf
PyObject _declspec(dllexport) *NiGetSpamData (void) H—Ff,

Developer Studio UM IR Z AR A HIEFEM AL, A AR AT S0P/ MEIZ) 100K, ZHRBEAT,
TR P T 38 o A R ) B R T R B eE BRI o FFIERIR) msvertxx. Lib IRIE] S FH .
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CHAPTER 3

EEKRHEREX F#r N\ CPython JETIREE (runtime)

AIRFE, AR ESL A5, FHAE Python FEas h ] ME(E) - A =UIEAT , SN CPython JE#ATHN
A A SR R P ST I A T 2 L ) 5 UL AT 35 i S R A

3.1 EHE App [[J#gr A Python

HIJLESHE T A%} Python HEATY R, w2 tfal ] C eR &A™ i€ Python HYZIAE. Sl Rtig nlPARY: Ff
Python fix AFl| C/C++ MR i R 5 O fiE. XA A AT ALY AR Y A Python SRECBIMELLTIfE, A2
M C B Cr+ . MBS AMRE: HAARVFH i Python %5 — LU, DA RE il b AR P AL 7oK e ARt
LETRE ] Python i HE KR I NE ), IEATF RN ACMEEX AT

Python IR AR T, HAGE M. ANFEZAATET, §7& Python R LT 1 #2715 9% 2 Python
fifRESs, TR Python B EFEF R G5 Python 584 Jo ¢ — T4 W I FE 7 1 S L8R 43 15 /K < I JT] Python
fifREAR KB T— 28 Python fURD

P, A2 Python, Bt H R E/R)F. ERPEBI S Z —il2 WI4h 1L Python fifktd: . 2/
KA Py_Tnitialize (). A LEWEEAIH W] ] Python fZ i iy 47280, 2 5 BT SRR P 1Y
AR Any s 758 R

P R XA &) LRP . TT] PyRun_SimpleString () & A—/U% Python HA]FAFHE, AT
PyRun_simpleFile () f& A—A> stdio SCEHEEHAI—D 304 (EERHRE R PR BRBER) . &mT AR
JHFIITE 748 3 4 TR 2 48 R AR 3 I ) Python X 42 .

W%

c-api-index

AR T Python ) C 21 . 3% BAT K ELERIE .
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3.1.1 BEXE#RA

I TR BT Python i ATE 2 R AEH R 209 0. %385 1) H AR R T—B Python JIAS, T JGHRE 51
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_DecodelLocale (argv[0], NULL);

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

}

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

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

if (Py_FinalizeEx() < 0) {

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

}

TEPy_Initialize () ZHl, WiZ4ciHf Py_SetProgramName () K%L, PAEAAFEREETE4 Python i54T
PEREEFE. #Rk, Py_Initialize () ¥)4Afk Python fifREss, SAJEHATIESRSAY Python A, FTETH
HIWFIETE . 2 )5, VM Py_FinalizeEx () KMIMERER, BITER. FEESERET Y, ATRETRZEM AR
J5ARHL Python JIAS , s iF e M ICAR i an A . SO, siE A EdE. FIA PyRun_SimpleFile () bR
O] DATE S M SCA: g B Python RS, BT 48 2540 T AT 25 TR RN 28 S04 P 28 R JRR 0T

3.1.2 SEHBBRRERANBIBRS: Hk
7o A% H RE A, IR 7 FR AT AL A Python (RS, {H 28 /Sl ml SR A XA IBRIGTRY o Q1 5 2 A e i, B
ARG . TP A BUL AT IhaE, U520 C U,

WAZER, RAEEARR, (A& Python FIii A Python [t #EAH AL, FHIJLE e 1k 2 43 ik 4%
Ao T RILX— 5L, AREiRAE— T A Python 2| C i AU B IR T4

1. Python py%daftit oy C #53L,

2. AR EEEE AT CREF IR AR I

3. KR AR ] St A C 46 Python 445X
fix A Python Hif, 422 11 A5 25 XA :

1. C Hdlaf4sly Python 4%,

2. ARG EAEATRT Python 2 1) sk £

3. KU IR 1] Kt A Python B4k C 65X
Al SR BAR L B A TN IUT, DA B TE T A R 1) ME— A DX R AE PR R SR e e TR
MBI RECRE . FEPATY R, WH—A C R, MHRATHR AR 124> Python B%L.
A SCRATHE ARG A Python 3463 C 2, 2 MR 5 ANERE 3638 BEAS IE AR 6 1 5 | T A FL e i
T X SeHh )y S RS Y R IAA XA, 3 S5 Wi B E Y ARG BT A5 B
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3.1.3 REHErA

SR H AR 2 AT Python JIA RS eR K. LR )2 UCHE UIBRE, Python f#RESRH A S B 5 Y

MR BEATACE, (R — 4R A i — A1) o
BisAT Python A b U R &L, LS ANTE :

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

int

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

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

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

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

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

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

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

(BT —

H)
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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;

}

RS SE R argv (1] JnZE Python A, FEHA argv (2] $8EREE. REIESEUE argv Hidl
A R 550 a4 %R (MAL R & ] 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

SR I BN, AP RBRT M PR, (ERHER (U2 11T Python I C 2 [a) i) Bl fe e, DA S A i
. A Python A ERFR > M IBETT A6 -

Py_Initialize();

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

VIR AL fEREAS 2 5, WM PyImport_TImport () MIEMAR. MeKESETR &1 Python FHFH, — A
PyUnicode_FromString () Bl s B @iy F4Fep .

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

if (pFunc && PyCallable_Check (pFunc)) {

}
Py_XDECREF (pFunc) ;
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JHIA—Bm#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
J Python R4 :

[pValue = PyObject_CallObject (pFunc, pArgs);

LK FORIIN, pvalue T2 N NULL, B2 SN eRBOR MHER)TI T  556 PR 58 ERE0Z5 1 .

3.1.4 3f#x A Python ThEEEITH &

FIHAA L, AR Python RS BETT I IV AL P AR LY T BE . Python APL 4" R AR RRAS KL T
RX—nio WlEUt, MM RO R BRHRA BRI T . RARVTER A L e, (BB oM
ko BRI AL MR T /S5 T Python fi#Réd: . LN AR FHIEE—H Y, REE—HEKAY
ik Python {Jj [ iX £ TAEF, W45 L@ Python 4 JEREfF—H. filln:

static int numargs=0;

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

}

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

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

%

XTI HIARIE T numargs 48 &, i A Python R AT AT ] emb . numargs () pREL. #idix
P JE, Python JHIAT ASFTPA T #24E

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++ thigr A\ Python

BT PAKE Python ik AF C++ R s Il SCB7 0RO T Cr+ BRI — B C++
%5 ERE, FEA Cr+ GRS R A IFMBEREAL T . AT EM C++ HEH%F Python AL

3.1.6 7E3 Unix RGpomiFFnskis
N T Python MRS AN AR Y, $RENIE 6 19 9 13 S AL 40 i e (RIEERRED) TR 3, Fenl2 ok
Python A FERHLE DA C BaSY i (. so 3CiF) mfENseilif.

N T REI TR A A MBS S, WAT pythonX. Y-config A, ‘BE/27E 7% Python I (th
A REFFIE 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 $-45 HAF P I 20 1 AR

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

fE): h T2 Python 24 AT RIREL (FF R 7E R LR AR H O dwiEiAZ ) , #iH
pythonX.Y-config f§EA NS, W LBIFNR.

WER IR ZARMER ORBEARIEX T Unix 784K GADEEH bug 45 ), SR FIRRE X TIE
FERERYSCRY, K EE Python i Makefile (Jfl sysconfig.get_makefile_filename () F|F{EALE)
MImFESE XH} sysconfig e @A AR TH, g IRRGEAAE R EE. tha:

>>> import sysconfig

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

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

83X shell (Y FEE Python 7R850, 5 WU RETE B o DA LB 5 e A TR RS S 01

AR

2to3

o AR RIS IR . FE— B VLR ZE A B AT (delimiter, BIFRSE. Jrffo%. IEHEHREL
=519%) [E8, SURTEREE —M4EHE (decorator) 4%, #L AREsUAGIE, H.B)5X shell HURMTH
¢ Python $27R°7 JC.

o Fi# Ellipsis,

— {7 % Python 2.x FEsUHSHE/E] Python 3.x FEAMEAY TH , B /2718 SR AHS S AU AAH A PR ACEE AL
BECE, T SRR 2 R 30 S BT 5 R i JER Fr AT T Al £ 24

2to3 FE 0] DABEME R X HEH DA 1ib2to3 il B4 T MBS A D8, ¥E Tools/scripts/
2to3. w2[E 2to3-reference.

abstract base class (il 3L KE])

%A REE (REE ABC) 4t T e Mu ik, 1EEduck-typing (B F2(E]) Mitdizc. Hh
BRI AT, B2 hasattr (), RIBMRERECREA MM SEER (Gl fEER 7% (magic method)) .
ABC [EJf][E#5E#% subclass (FHEE)) , EMEREEKEH S M class (JEE]), HA5HE isinstance ()
J issubclass () #il; #2[E abc HALRYEIH 4. Python A #F £ [EE ) ABC, ARG (1F
collections.abc #i4H). #F (F£ numbers #ifH). &% ({F io #54H) I import 4GS FIEH A £%
(#£ importlib.abc BifH). YRATAMER abe fi4H A H O ABC,

annotation ([FJf)

jgﬁléfﬁi;é%l class Bt . bR S 80l W EE AR B O BRE) . BRIEGL, B8 ARAEE npe hine (ZUEWE
)

TEFUATEE (runtime), [ ok e (EV R SRV REAF I, (ELAdiB . class JBMEA R XTI, & 20 (E)
f A AERAL class MY _annotations__ FFFRIE ML

#52(Flvariable annotation. function annotation, PEP 484 Fl PEP 526, 526 ¥eh L h e ER . B
EVRR ) A B 7% 2 [E) annotations-howto.,
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argument (5]%})
W o IR BRI 43 funcrion (Bmethod ) WME.. 51 CA Wit :

* M4F 31 H (keyword argument): {EpRAIFM . DAGKET (identifier, B4 name=) BHEEAITIH,
i DA ** 121 dictionary (M) [EIRGEBEERS . M0, 3715 #ZPAT complex () MY
o 1 R 5 |

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

« 15 31 4K (positional argument): I BT W7 | . (0 WO — (7 | 08 RO A4
B, R () ARE * 2 fhierable (ATEVRYDPE) HROTCEMEMEE. BT, 3 1 5 ABRDA TPt
H 32 5

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

51 W e A ek R P I A B . BV SRS (R i e AR B, S (E calls Fofifi. 7ERE
R, AT AESE SR AR RN — A5 18 H S Ah (e s e 4 s 0

a2 BRI parameer (2%0) H . % LEE D5 #2822 ML, P& PEP 362,

asynchronous context manager (JE[FR]B5EEEPIZS)
— @ v] PAFE il async with PRIAC A T RIS 4, MESEM T FE __aenter_ () Al
__aexit__ () method (J7¥E) HFEHIH. H PEP 492 5] A.

asynchronous generator (JE[R]2B(EI4:2%)
— 1l & [a] {# asynchronous generator iterator (JE[EHEIAEFFEEE) MR R . BEHERRBE ML async
def & W FER L (coroutine function), HANFKZE M T vield BHNK, BEA M —FRF W R
async for [FIEMME.

B ATRE I S — AR E e g R =, EAE T TR Rn R $EA BEKRE
(asynchronous generator iterator), ¥ FRIEN) B EANENERE , AR H s HeE, ARG 3¢,

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

asynchronous generator iterator (JEF]2BE)/: 25EICES)
—Aiil i asynchronous generator (EFEIEIESS) R ESTAIYH:.

& B —{Hasynchronous iterator (E[FHEUREY), B EVA __anext_ () method FIFNYE:, & [a]{H—{F
AR (awaitable object), YA HATIER A EESAY R T8, BN yield EH
s

B yield Y EEBART, ERCEMENTIRE (GG ESESE M E T K oy BAK) . EER S
EA ZEREVAS 1 __anext_ () BHER A S5 A RO ERE, & et m 1k ibhy #4535
1. H2[[E PEP 492 1 PEP 525,

asynchronous iterable (-] o[ [F{CH1:)
— AP, BEFPATE async for BRIAX P M. LHEREM _aiter_ () method [H] & —
B asynchronous iterator (EFIMEMER). B PEP 492 5] A,

asynchronous iterator (JE[FRIZBECRS)
—{HEAVE __aiter_ () fl__anext__ () method B¥){4. _ anext__ () WA —{Fawaitable (7]
EREIE) . async for ErTIERIAENERAY __anext_ () method ff AW S5 14, HEIE
5% stopAsyncIteration ffl4h. [ PEP 492 5] A,

attribute ()&M)
— (W B SE W A BB A, RZ AR 2 BB ad 1 (5 ) B 40 B i 3 = (dotted expression) /)44 Figi 2 I8 . @,
R o H—HE M a, RIEZEEITEREDA 0.0 BESHE.
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WER—EIEARE, & T4 A2 d identifiers JiT i 38 2 R EJFF (identifier) 198 M2 4 7T fiE
(g, BIANGE] setattr () o MRIEHEAE PR EEA O 70 PR ARAE I, 22 getattr ()
REAFE .

awaitable (W Z:55M1k)
—fE V] ATE await R PR AP R E— W coroutine (h#e), B2 —MA _await__ ()
method ¥4, JiE2[E PEP 492,

BDFL
Benevolent Dictator For Life (&S5 {"28M# %), X 4% Guido van Rossum, Python f{#l1E# .

binary file (- iEfiRER)
— 1 GEEIGE IR 8 A bytes-like objects (CBERLTTHERYINE) Wifile object (REZRMIE) . —HEAIAHREMGITH
DA (b, 'wh' B 'rb+ ') BHEREZE. sys.stdin.buffer. sys.stdout.buffer,
PAJ io.BytesIO fl gzip.GzipFile B,

w2 Eext file (CFHEE), ER—MHBEEFIRAA str WIFRERY.

borrowed reference (fi5H]Z14)
& Python /) C API W1, {52 2 Y2k, Hh gz REXSEA M2 K.
R PN, & G RE) 3434452 (dangling pointer), 1411, Yk KK Il (garbage collection)
A AR B B (1) S — (Bl strong reference (E)Z1R) , T s 0 85(ED.

$borrowed reference WERY Py_INCREF () DANSE JFiHh (in-place) #i([EI[Elstrong reference 24k ik R0
Bz A BEAE B R — R A 2 I8 2 igis(E]l. Py_NewRef () pRzXH] A A ST — BT A sirong

reference.,

bytes-like object (JEfc4lHh#tl)
—1W 5732 bufferobjects H GEFIME i} C-contiguous SEE B WIE. BOIEFAN bytes, bytearray il
array.array ¥, PAKFFZH ALK menoryview Y. FAMTCAER Y AT HIR BERE 07 EORHT
BIEEE BUGER IR, 72 B RS socket (FHME) Hik.

AT A R R PR . IR SO & A Lo R [ s A AL R el T
SR fE W LS bytearray, PAM bytearray ) memoryview, HApEBEEIE —EAE
B REEEA TS (THESE SN AL YIE]) s S 4% bytes, AKX bytes ¥4

memoryview,

bytecode ({i CZiTE)
Python {1 J5UAA TS € S ML (AL , 42 Python F5U7E CPython 1 BaSeh rFiAe 7otk . eyl
B G BB (21 pyc R, DLBEH U — IR EET TR (DA B 50
I ICAAE) . B [ PHFES (intermediate language) | 82 T4E— Ml virtual machine ([F1HEH%ES)
b, AR O R C AL TSR EN F TS (machine code). BEREIOIL, (A REALHA |k
SEPAEAN [ Python [EHEEME RS > BEMERY , tRREYE AR R ARAR Y Python 2 [R5 .

(L TCALAS 5 21 F AT DATE dis BRI ERA SO 4R 3] o

callable (n]WEnL 1)
—{{l callable & 1] PAREIFEIY 540024, WEnU B AT BEDA R AN — 45 18 (55 Rargument ) :

[callable(argumentl, argument2, argumentN) ]

— A function BAILHE A {gmethod # 2 callable, —{EHAG BAE __call () Jr¥EM class 2 B il 0 2 1
callable,

callback (1)
VEEVS | #ept (EE 1) — B R X (subroutine) pRC, e A A1) A IR ] B Bl 7

class (J(E])
— P S AR . Class () 0 3838 5 & 1% method (1) 38, 154K method 7] PAYE
class [ EE ) b atEA T4 .
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class variable (KE[E/528%)
—H7E class TR EFE, HERZ LGETE class IR (GBI ZAE class (BB T) W& om s 8.

complex number ([EJ%)
—ERMAE M EEAR LT, I B iR g 2 B8 B A EE 2 A . [El#o 2 )
AL (1 T AR) MECBRS, IS ALE TR b g s (E) 1, 7E TR i85 (E) 5. Python [EJZ
THEMW R, CRARENERFRER: [FERREHE WA J i, flin3+13. A%
#% math BAAEI T RS R EIE, 35ETH cmath B, IS0 68 2 — A i R o ST fe .
MR REAE B RS e MR, IREIRT-ARREE /7T DA% b 205 e .

context manager (5E4RIZS)
— (AT AR with BRSO ARSI, MEREREFR _enter__ () Fl _exit__ ()
method &5l . #2[E PEP 343,

context variable (|i5BE%4%Y)
—{E s, HAAE T DUREE B SRS A AT . 38 BT 4% 38 f3% £7 [ (Thread-Local Storage),
FEH A, — s BE R R T2 T RE LA NFAME. SR, BIRES S, £ —MEfTssh e & s
ZARNEEE, MR B G, RAEEFTHYIER 2L (concurrent asynchronous task) H1, s
wheemBE]. ##2[E contextvars.,

contiguous (%)
R — 1 52 18 [ )2 C-contiguous 5% J& Fortran contiguous, HI|'& & fE ) Mg (R B2 #4581 . FE4E (zero-
dimensional) ¥ %&1E [ AR & C M Fortran contiguous. 7E—#E (one-dimensional) [#%1] 4, £-J8 H W /ELF RO
HE B A AR S, TR 7 21 BB IR R . 72 2 4 (multidimensional) C-contiguous [i%1 H1,
Fierr R AL N 7 B 4 I IRy, et — MR 5 | S Ak e, #RTT, 7E Fortran contiguous [#i%1H1,
SRR,

coroutine (1F%)
A 2 B (subroutine) f)—Fl HE R FEAITE . BIRR 22 o 3 (08 s ] S ol ate A (E VY ) — (T 1 ] B ol
i%tﬂo.b’v’ﬁ%ﬁfw\?:???%z:[ﬁ]H‘Jﬁﬁfﬁﬁ%ﬁ?ﬁiﬁ/\\ BHEAEE. EMAEELA asyne def BAXBE M. H
2 [F] PEP 492,

coroutine function (FLe&X)
— @[l fcorourine (EL) WLFIIR. —(EHFEMARAELL asyne def BukRBrEss, Ertaosg
await. async for fll async with BT . ST A PEP 492 5] A,

CPython
Python 72355 5 HAEE B /E (canonical implementation), #{#§fH{E python.org . [CPython | & {H#7sEAE
WAERFAE A, DAl 2 I BB LB RE S W ELAE, (9140 Jython B} IronPython.

decorator (ZH:fifize)

— (AR, EEhES AR, WECEMT Cwrapper FEVE, HiME I E-—H K X 1) 84 (function
transformation) ., g1 R 2 classmethod () fl staticmethod ().

Fetiianarik FUZ RN . DA W eh o0 SRAERR IR 2 S5 AU

def f (arg):
f = staticmethod (f)

@staticmethod
def f (arqg):

L

Class WLAFEAHF RS, (EAETREILLBORE . BN EEig i E L4, w52 EekaUE s8R class E 5
AR SO

descriptor (HiiA%%)
{H5E5% T __get_ (). __set_ () B{__delete_ () method Fy¥{k. 21 class B {2 —(HH
WERRE, ERE R AT e B A R R . W, EH b SRS 5 e A Ry

68 Appendix A. #iiiE*%



https://peps.python.org/pep-0343/
https://peps.python.org/pep-0492/
https://peps.python.org/pep-0492/
https://www.python.org

Extending and Embedding Python, %([F] 3.12.3

1E a () class FH AR AFE b (P 0F, (HAE b 2RSS, DA AR method G
WP, SRR 2 A BE AR 2 VR A HLAR Python () BSE, WIEEMEFL2habn s, SEIhiewifm=.
method. J&VE (property). class method. [EJfE method, DA ¥} super class (ACHHE)) B2,

B 18 4 method YT &M, w52 descriptors Bl iR # f TTHEH .

dictionary (4zilL)
— 11 B# Bt F 41 (associative array), oo (50 8 e g LT BIE . SV LR AR A A __hash__ () Al
__eq__ () method ¥4, #E Perl g TR EIAEE] (hash).

dictionary comprehension (il &)
—FE BN, AR 8 T B i B e e R, (B R B A SR DA 5 g ]
results = {n: n ** 2 for n in range (10)} @F4AE—fFd, BAE TH n B IE n
** 2, #2[E] comprehensions.

dictionary view (zHLEGHL)
# dict.keys (). dict.values() J dict.items () [FMEHAYHREETHAGH . EMRML TS
MR T H 1B R AR, L%Tm%ﬁﬁ%@]ﬂ% 32*5‘7‘;%“%5\59%1_M A, 2 BB A g B e
#apy list (EE%)), A 1ist (dictview) . #52I[F dict-views.

docstring ([EI]H)
—{BTE class, PRSP, FEEISE—EEE R BB FHR SO R EEER TR G2, |
C e, EROARTE class, B EBIAHE _ doc_ J@MH . B EIN R T DAE E E
(introspection) [EEE, [H e 2 F A IETRA SCUA7 A ASEE 107

duck-typing (W f-2%4[E])
—FEAE A RS, BN R B E AR e R A BRI AT BT A iR,
method 5§ J& 7 € B 40 b Pl 0 0] w4k (UZD%TZ%%LHU%! (B8 7~ i HL i sfg —Eg 1, AR(E
E—Er—EE . ) HEEGE AR RE, KOsk shio R i 6E 3 £ 40 (polymorphic
Substltutlon) SR B BTG . R 2R (B o (5 type ) B isinstance () #THIEL. ({HJ2F
W, WBFRER U8 % & & 3aE (abstract base class) H@Fﬁ?ﬁo) SR, Bl E GEH hasattr ()
i, BUREAFP FEAEEH A .

EAFP

Easier to ask for forgiveness than permission. (F5>K B FH R THEAR S ) BMEE KA Python 4 il JEA%
B B RSB A, [EFE % Gt B T A il . e AR 2 (E) ELPER i Ja , HRR
SEAFAERTZ 1) try Fl except BUAR . EBMTELFF 2 HAMEEE (B0 C) & RMLBYL JARS I T 5.

expression (i)
—BOT DA ERR ERYRE . DA, —MEEsr2Ue oy . 20, BVEIFIL, 5y ol ek gy
G AT B, IS S TT R R R Eﬁin‘Fg/ﬁQﬁEnn s AFERZ, [EHEFFE R Python 75
FHEAEEE R AN —Lstatement (BIAR) ANREPAMEER R, BlU while. HA{H (assignment)
WA, AR EE .

extension module ($ 7¢HigH)
—fEPA C 8 C++ Sk AR, B ] Python [ty C API REEAZ.C J A i 5 R XS AT L H) .

f-string (f ‘=)
PA £ B E T [EIETER AR SO R E [f 2R |, R E ORI . i) PEP
498,

file object (F%Wit)
—{IE S0 1] 5 175 M S8 1) (file-oriented) APT (Il read () Bk write () % method) FCHRAEIRE &Y
Yotk ARTERE R RS AT 3, B R o S B A A 2 R A B A R A A SRR (1
R A /. SO REE AR R . socket (). EE (pipe) %) WIFFHL. HHEW B REE 54
Z W1 (file-like object) B % R (stream) .

TEEE, A=EERY: R =g x f’ﬁi@lﬂ’]"—z@h%{%ﬂi% 2. BB 1o B4
FRESE. BRI 2 M open O
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file-like object (JFik%dil)
file object (REZRYITF) HIRIFEF

filesystem encoding and error handler (4% %4 U5 FIEE S Pl L)
Python it JTJ i) — Tl A A6 P11 85 ik BE PR 20, 2R AS SR B AR R B AL oCAH, AL Unicode % %)
(=33

i 22 2 40 A A 00 B R S BE U FRAR BT A /N 128 AL TCA . ANIRAE R A Hi g A Ay R L b AR s% , HI APT
B &% UnicodeError,

sys.getfilesystemencoding () fil sys.getfilesystemencodeerrors () PRI A EASAE
ES o Ik YR T Ea e

filesystem encoding and error handler (¥ 2% 22 % 4 15 A1 8 5% i P8 oK 3X) € 7F Python [E] B KF h
PyConfig_Read () P AKAL &: #5 2 [F) filesystem_encoding, PA M PyConfig #) % B
filesystem_errors,

Higz(Fllocale encoding ([FIHHR1E )
finder (=-kE%%)
— (@, e g AE e import FURLAL Sk loader (FIALE)
¢ Python 3.3 BAlA, A MRS : TIRE F ¥ % (meta path finder) € {§i ] sys.meta_path,
M 344238 B S48 25 (path entry finder) €7f# [ sys.path_hooks.,
#H2(E PEP 302, PEP 420 71 PEP 451 DL T fif 58 £ A .
floor division (] T ILESRR:)
] T AR - 5 B e He I R O R Rk . 1 N B RE R ER T /. B, EE 11 /7 4

AL RE 2, # float (FREHED) EBIEFTEIER 2.75 A @HERE, (-11) // AEERE -3,
B2 -2.75 $lé TG4 2. 7 2([E PEP 238,

function ()
— AR B RS, B REE Y e S, ] DA R Sl 2 7| S, S s | ]
AR AT, i Elparameter (23%). method (J5%%:), PAMK function F2ffi
function annotation (XEIEE)
oF X 2 el o B f)—flannotarion ([EJRE) .
o 2 E R gl i AR 2 (E13E =« i, S (M sk STEI & S 2 Wi ine 518, EEA M int B

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

bR U E R REATE function FEEiA FEANRRE .
i % [Elvariable annotation F1 PEP 484, WA I REM k. BRERYRETET %, HiEs

annotations-howto,

future
future fFiARZ: from _ future_  import <feature>, @I5/R4HELn (I FHATLEAE Python R 3K
BEA AR e R E R A R B R a8, ARG s iR, T __future_ BAHRNIFE T feature (2
fe) WRERYME. i import B FTEF A HORME, AR VT AT B3 X 2 R 2 (] B 1 v 1 e 21 it
FEE P, DAREMRSE e (e AE) EERA Y6

>>> import __ future_

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

garbage collection (37 %]k )
ORI R, R AR . Python SUATRIR M, S22 BEET#L (reference counting)
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PA K — i REIE A A o 7 2 BR O B (reference cycle) BYJRERSLIR M4 (cyclic garbage collector) K 5E i -
B [ml e g T DABE T g A3 HEA T2

generator ([E4:%%)
—{W & [al E generator iterator ([EVEZFENCES) M. BEHEERB HIEFEWEX, EARZEEE
T yield #ERHN, AEEIAE—RIWME, =L@l R for FRE, miJ2PA next () X, RMHEHF
) —{FME -
18 AT AR FE s — RIS R, (EAE e, iR FoREA BERE., B HkE
F R EREREZE, Ol A se BHTeE, DABHR R
generator iterator ([FJA4:2$[F1CZS)
— i thgenerator ([E)A:%%) eAZ BT Y
BHi yield SrE ARy, ERtiEM B TR (CHG s s e iy ry BRIASR) . WEA %
ER2 IS, & I n oy A T (B SO VR T IR J 3 B A 1 ek A FEARTA] )
generator expression ([Ff: 2% 5K)
—H g EEC S HER R . EREERMGMIEEAERS, BHEE M for Th), M THELT
(I st e, o [ DA B — (S84 1 £ 4] Al EER G EANE e B4 2 H 1 :

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

generic function (JZZXIpAR,)
At Fhy 22 A R QAL ) BRI 2, 5% R X SR (R A ZRA (R BT VR () A S e S D o P AR RE A
2 A T A (dispatch algorithm) ZE[EI5E .

Y5t 2 (Elsingle dispatch (B—3HBF) #gE3&H . functools.singledispatch () Hffi#efl PEP
443,

generic type (JZ¥I#I[E])
—(H e E 9 2 ¥ 1k. (parameterized) f{jrype (FUE]); 20 BSesBE], 52 1ist Ml dict. BEHH
AR (E2 = FE .

2z M4 RE. PEP 483, PEP 484, PEP 585 fll typing Hiffl.

GIL
s [Flglobal interpreter lock (43 B 222584 ) -

global interpreter lock (43 i E8%$84)
CPython B4 I FH A, FH DARECRER R HOA — A T4 REWLAT Python [¥)byrecode ({7 TCHLAG) «
B AR (RGN EEAE, 41 dict) HBEyHEES T/ (concurrent access) [ fEF, Ik
BEHI T AR {L CPython (W BEAE . SHE B A, SRR EA S MEIZ T4 (multi-threaded), {H
AR 2 ik b 2 SR PR A MRS REIEHR LAY — KB P17 (parallelism) .,

SR, AU AL, M R EE BRSO, B TRk O AT R A A (E S B 4
(computationally intensive) [T, AIDASRK: GIL. B4b, 1EMFT VO K, GIL 48 2 erikfEig.

BB MR EIEATAE ] RS (VA R ARG 88 SE R B ) 19S5 DRI,
[EVE—fii R PSS T, e g ARk, —RE, HEREMAGERE, e rEes
[ERr L, MM S A A

hash-based pyc (fEEZHEN pyc)
—{E L ICALA (bytecode) T 774, & (5 F A (EMELIN AN A2 36 B SR A R MO e R B RAUIRE ), Al 8 AT 2L
M. #52[E] pyc-invalidation.,

hashable (W] 3[EIf))
WA — A ENY, ZEEHAEGER F RS (EFR%E MM _hash__ () method), H.
Al A EA R (B __eq_ () method), HREIEHE—MH T 4 EE. s REM
SF AR T AEEI 1, e M ZEEA T A M
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AL (hashability) (—E4{F 0 JiI 1 dictionary (5°#) HYBERIset (526r) AUME, HEIGLEERES
fEERAE HETAR G T A EHA

ﬁ%%uﬁ’ﬂ Python 7~ 1] 4 .i_%ﬁ:%KXET%.E/J T“B’Jﬁ%% ({5 4n list 5 dictionary) [EIARJE; MWiAH

sEZEes (Bt wple (JCAL) F frozenset) , HA R BMAYICE A HEER, ©MA S A 20 5EEK .
E%#Fzrzﬁ)ﬂ%ﬁnz class BB, HIlE LeP {4 g e I_W’EIEI’J BAMAE A LB AR & N FH A 1)
(AP MEE O e, e M aEEE R A4 B B MAY 1d(

IDLE
Python [}] Integrated Development and Learning Environment (%% & B #¢ Bl 2L 2 PE1E ), idle 20 LA 11 4
FRAS A ELREAR RS, B Python PAFMEEEAT A — B e b fit

immutable (An]%H1k)
— i BAAEEEN . AR P wple (JoAl) . BEYARARESIECER . TR
— (R R (B BB AT, RSB ST — R . B M B S ENE A M Jr, #5 SE2E £f
@, 40 dictionary (“H) Hfiy—fE .

import path (5] A#%1%)
—EAE (Bssteon ) WFIR, MmARLE B2 1E import BLALIE, & Hipath based finder (HEHAH
By Stady) BESBHMALIE. 78 import HIFH, MAIEYREH 2K H sys.path, EHHRTEM
(subpackage) 1l %, EHRAHERAALEMN __path__ @ik,

importing (5IA)
—fEEBAE . —(ERALH Y Python R UHS P AZ B ILIEAR , #0) — AL+ i) Python RexUHG T -

importer (5IA%})
— (i REE 4k AR BB finder (SF48i) tiloader (BALR) Y-

interactive ( H BiiY)
Wmmﬁﬁﬂﬁﬁﬁﬁﬁﬁ,E%ﬁ%ﬂ%ﬁﬁ%%%%ﬁ?ﬁ%A@ﬁﬁﬂLﬁT SLEPEATE M
EFIHEF EMmEER. REES python, RFTFEALMGE (FTREFE A RSN £ L) .
S ET A SR A RO R AR ER N i (RER(E help(x))

interpreted (Fi%0)
Python J& T B3G5 . MM aEan s, AN (1 [55) ] BE A etk , PRIEA (7 JC4LAS (bytecode) 4
%%‘%EI’J@T B RN IR R W A 0EA T, N TR IR MEM S ) — R TiE , AR FTE .. i
(nn G L.%) SRR S A E B / BREEENN, R e M A AR = A TR g . 52 Elinteractive
HENW

interpreter shutdown (273 BH)
& Python ELREAME ZURBAPARE, BEEEA— ﬁl‘h?ﬂiﬁ%ﬁx, TE I B M R i A B B R, it
zﬂ%ﬂ%@?ﬁ%.%z’k% B G ZRIFIE R =Dl %5 (garbage collector) . 15 BRI EE 6 & B 2 AU MRS
PRI (destructor) 55555 | ¥ [E] P (weakref callback), .ﬁﬁ Hrp R . o B P P B e A T i R e
BB G A, REE IR EETREARNEAER T (5 RABI1-2 0K X B A sl 2 e ) .

HAG A F 2R, 2 __main_ BUHEEPOESTHEIA T AHATE

iterable (n[[EfCH1t:)
— e R E)— ok e P R . ATIER R B ELE A P S A (52 1ist, st Al
tuple) FMIFLIEFHRE, B2 dict, # ‘{#WF DA AR IR & FREAEAT class 4, HZHIRLE class
ﬁ_iter_() method ﬁ%g‘rf/ﬁygqu@nce (Fﬁ]‘]) sy E]"J _getltem () meth0d7 Pz%'fﬁFTjEXET.
R

ERP AT R for [ERBMFF 2 HALTHEZ—E AT (zip O« map () ..)e F— @A BRI
VEES | i ELE AR iter () K, B GERZYOF R E—EESR. Jﬂ:lﬁ%%x.)ﬂﬁ/‘%r%‘~ﬁﬂﬁ
AT (one pass) . (I HEIRARRE, WHEA—EZIFNY iter () SAFTERERBYF. for B
R 1 B P S L g E@@ﬁ*@%ﬁ%@%iﬁﬁ@“%{ F A [EV R P AR A s [EACRE
Wiz Fliterator ([EVL#E) . sequence (JFEH) Flgenerator ([EVERS).
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iterator ([E/{t2%)

—fl TR 4 EEHEY EA A _ next_ () method (8 244 T BLEL TR next ()
GRF I E R S TEE B R SRR, Bl €r5]%8 sStopTteration filsh. BRE, %EUCERY
PREB I, MAEMEE _ next_ () method fifE—LIFNY , #HH &K 5[%F StopIteration,
REFUEA MM __iter_ () method, E&HEHENCEYIFAY, BroARMEIRZSEAE T ERD 2,
ELAT A K 22 o ) oAb T BV W R 35 . — (R EEA B 41, 2 B £ [E (multiple iteration
passes) (IFEFUHE . — AWM (B2 1ist) HERRMASEEEL iter () BRI for B H#
ek, #aBEAd—mMemmERss. SHERRER LS (ZREM) K, ReREEn—sER
Wl A . e R ER S, AR ARG

1 typeiter SCH AT DAFREN B 2 il
CPython F{fE4NEI:  CPython [EVRRIGHIN—HuA @rig ey [[EMUENA/EFR __iter_ () ) BIBLE.

key function ($EpHX,)
8t bR 2B 3T R 2 (collation function) & —fE AT IFAY (callable) PR, ‘& € [ml 8 —1 A HEJT (sorting) B
FEJF (ordering) M. BIA, locale.strxfrm () ¥ AREIE —{8 1 i e o HE w10 A HEF 8

Python HiiF 2 T H., #4532 DA R A A T Rl P 80 A X BEMEdE nin ()« max () .
sorted(). list.sort (). heapg.merge (). heapg.nsmallest (). heapg.nlargest () #l
itertools.groupby ().

B R T DA S E SR . B4, str.lower () method W] RAFEEIAS 43 K /INES HEJT 19 4 R
Ao B, —MHERAWT A lambda EH A A, fIM0 lambda r: (r[0], r[2]). J5h,
operator.attrgetter (). operator.itemgetter () fil operator.methodcaller () Eﬁ]

GRS R X (constructor). B AT ESLANGE SR X 61, w5 2 EWfTHET .

keyword argument ( B3 [%))
s Flargument (3]38).

lambda
B —expression (GEER) FrALSI—HE 44T ERR, (inline function), 5% B AT R . 757

lambda PR EEYE 2 lambda [parameters]: expression

LBYL
Look before you leap. ( =447, ) 1a 06 4 5 AU S e A7yl 25 4% 2 1, PR REHL IS EER . &
T EAS BLEAFP AT M, HERMRrO AL if BudETE.

2 siTagEs T, LBYL aUaE [=18] 1 T&47) 2 M5 T EWR 4 (race condition) 1
B BIANPANFEXAS if key in mapping: return mappinglkey], WIS —EATHAE R
ZRALER IR Z B, 1E mapping HASIR T key, RRZREXAE& AL, &0 P E W DAF 84 (lock) B fif A
EAFP % il 7 AR ARIE]

list (#i51)
—{l Python [Elidf)sequence (J¥51). EVEERH T2 list, & HEEHRIHALTE S h iy —{H[H51 (array)
MG — (A #4553 51 (linked list), [RIEFFIROCER 105 TR 2 O(1).

list comprehension (& %1% & E )
— T 2 g HL {7 5] PP ) A R A n 2, (5 P A SR DA— 1 list [ p 55 ¥k . result =
["{:#04x}'.format (x) for x in range (256) if x $ 2 == 0] @FHE—fFEE list, Hrp
f987 0 3] 255 & (L), FTA S8+ /SO 8 (0x..). i f T4 . IR, HI range (256)
W T TC R AR R

loader (%A Z¥)
—{H BEEF AR . T EE R —HAE) load_module () [ method (J7%:). #A B H 2
Blifinder (FAGgR) WIE. HZAMHFERE PEP 302, Bjitabsiract base class (5 HEREE) , #%2(E

importlib.abc.Loader,

locale encoding ([ I Zhi%)
7£ Unix |, ‘B2 LC_CTYPE &l EW gk, B PAH locale.setlocale (locale.LC_CTYPE,
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new_locale) Kk E

7E Windows |, B 2 ANSI A5 E (code page, flin "cpl252").,
FE Android 11 VxWorks |, Python i [f] "ut £-8" {EE] &I 4nfE .
locale.getencoding () W DA AREUS: [ 38 4 A

W5 2% filesystem encoding and error handler

magic method (k7 )5 ;)
special method ($5k5H) W—183EIE R R i .

mapping (¥Hi)
—HZAF, B SRR EE R, HLABE{ 1 abstract base classes (15 5L CHHE]) 11, collections.
abc.Mapping B{ collections.abc.MutableMapping ff 3§ i B method, #&i ]t FE dict,
collections.defaultdict, collections.OrderedDict fl collections.Counter,

meta path finder (JCIEE=IES)
— ML sys .meta_path MEMER finder (FA5#%). TCBRIRFARERELILAC A B S48 % (path entry
finder) #HB{EZ A .

BN OIS AR AR A B VR method, 52 [F) importlib.abc.MetaPathFinder,

metaclass (JciH[E])
—7& class /Y class, Class &8 A%E & g 57 —1# class 4 ff. — 1 class dictionary (F=#it), DA —1# base
class (FIFHEE]) 1953 . Metaclass B 53208 — 580, EE#7#% class. KEZ Y8 R
F ORI (TR EE M. Python YR BfE T RBIFEE 57 1 7711 metaclass. KB4 B F A
TEIL T H, (2T 2R, metaclass 1] DURAEEIR BEMMARE T £, EME s AR EEHEAAE
WM T AL A rE . BEEE . EEEAIEE (singleton), DA 2 HADAEH

42 &5 A DATE metaclasses 25 i 14k 2] .

method (J53%:)
—{B7E class A<BuEgl E %M R . Q15 method YEEIEL class B 1 —10 & PEgkeny , HI & a5 5] 3%
H1I %ﬁ‘ﬁjﬁ- bﬂ/ﬁ;ﬁ fiargument (514%) (M5 HEHPRE self). iE2E funcion () Fnested
scope ﬁ;ﬁ({/ﬁﬂqiﬁz o

method resolution order (Jj 7. M IE)T)
D VERRATNE 72 A A R SR R S A T, base class (FLRKEE]) i@ )T . B Python F 2.3 JiT
HLEs I RS EE AR, S5 2(E python_2.3_mro,

module (Ei%H)
—fE#&E: Python F£= A1 #H 4% B0/ (organizational unit) (94 {4. BIUHA —MmA =M, BUEEEN
Python ¥ BLALEHE Hiimporting WAL, #HA % Python,

2 Epackage (BF).

module spec (L4 LK% )
—E % 2SS E, B RN EAAEZE Y import AH B &R, B 42 importlib.machinery.ModuleSpec
R — B 11

MRO
st 2 [Flmethod resolution order (J7BfRATIET )

mutable (n]5&Y{}:)
Al g AR MTAME, BHERR TR 1d O o BiEsEimmutable (ARNWEEPI1) .

named tuple (it &Ic41)
ik [named tuple (Fff447C41) ] 246 1E tuple AR AL ATZH(EEY class, HERITIERE] (indexable) JTLHRH
AT DA P42 J 1 SR A . e (E]EY, class 1 A] DA HAD AR 4
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5 [F g M Fl 2 named tuple, f33%H time.localtime () Fl os.stat () FE{HEMME. B—HH T2

sys.float_info:

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

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

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

True

4% named tuple 2 EIZHE] (W EF1) . 5637, —{# named tuple 18, 1] DAYE— {1 IE KLY class & FE 58
3L, B class 287K H tuple, HEF T AMAL (named field) RITT . 5EH1Y class 7] AT T4
T PA#E K H typing.NamedTuple &, AT DA A T g ek =X (factory function) collections.
namedtuple () A, BERAHIEIN T —LEHIMY method, 5 L% method W] fE & 7E T 5 s [FIE
named tuple 7, MEEFLHNT.

namespace (i %23H)
SR AE I . 4% S T2 DA dictionary (FHL) B ECVE. A WA, At K EVE a4 25 1
AP (78 method ) A BLAR I 24 251 . dv s 25 RS b7 1k A fa il ss, RSB IAH AL,
W, izl builtins.open Hil os.open () it e MY fiv 4 23 W A1 B . i 4% 25 ] to s vh B
Tl [ A R W B AE B — R pR X, At vl s Pk v #st . BN, %5 random.seed () B
itertools.islice () AHHEHIFE R, SRS EEH random fil itertools MHAHAEEE,

namespace package (i Z23IMIE:)
—{{il PEP 420 package (£1}), ‘& HB1EE)I T2 (subpackage) [ —{H 254 - fiv 44 25 HI &4 1T REEA B AL
fodorik, T ELAMAREE PRI (Hregular package (EMEN), HEEMEEA _init__.py
B RS

w2 Emodule (Fi4H) .

nested scope ( HUREMIR)
fiE(E)22 I8 Mg 7E 3% (enclosing definition) H B8 B HE f1 . SR PRIE), — 1 pR 2C USRS o o) — 10 el =X P g
EF, HIeMaeE2 RNl r sl SR, fERREETN, SRE IR RN 2 R, T
YRR . [t s e e A B (B A b s U B o [l R L, Ao st iR A 4 el i 4% 4 T v A L
ME A . nonlocal 2 #AMNEEHEEITE A

new-style class (1A %i[E))
— W8 4, BRI BIAET A W class P48 U 1Y class &G 7658119 Python fiR A<+, HUAG Hr=C
class 7 g {#i il Python BB (). ZEKMILIAE, B/& __slots__. HifiiR#F (descriptor), J&PE (property).
__getattribute__ (). class method (ME[EIH¥:) # static method ([EIBEH ).

object (#1})
HARE (BrHuE) EieRMATE (method) MEMIERL. B HRIEMnew-style class (X HH(E])
M %% base class (FEHEE]) .

package (1})
—{[fl Python f¥jmodule (BigH), B0 AR S TH4H (submodule) 52 EFI) 1244 (subpackage). 7 I
ME, e A __path_ JEYER—H Python .

syt Eregular package (IEBIEN) Fllnamespace package (fy4 25 HEMF) -

parameter (Z4)
e funcion (B=X) B method 7 3§ (1) — i iy 2 EC S (named entity), & 8 W % o U BB [E 4 52 1) —
fllargument (519), SHEFLLEE N Ha7R 205 8. G TR 1 2 B aL:
* positional-or-keyword ({5 S HEET): FEHH—87T A% 12 15 5 BURVEE M 425 7| Sl g 51 .
B2 MM TR, BIanPA R foo Fl bar:

[def func (foo, bar=None): ... ]
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* positional-only (PEBRNOZE): FaM]—E e+ I AL E B ity 5 [ B fERERM S HIIRT U E
—f8 /o0, WURT PATERZ T OUHI T E SER O E 2 8, HIANLAR ) posonlyl 11 posonly2:

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

o keyword-only ({EFRBASHET): 50— N AE AR SRt 5 8. ERE |2 EE#Y, 1
A B R B30 (var-positional parameter) 32 BTN * 20, #URT DATE AR 7 SR KR
B T2, BIAIPA R kw_onlyl Fl kw_only2:

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

* var-positional (fEREWHAIE): FEW]—RREVMERF AR R A8 T | B (TEC W 2 Mok Z
WAL ES 2 Ah) . BB EREHS WA R T 8L ~ AGERN, BIILAT args:

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

* var-keyword (ALFWCRBHHET) : EWINT PRI T BB #7518 (TEC U 2 =2 )
MBS T5 M5 . ERSURERTEH S WA T E b o~ AGESR), Bl L m#sl i

kwargs,
ZWOTOAE IS | U B A SO R, U n] DAE)— S8R P i | e i TELRA

%%Zﬁﬁf%%[ﬂgargumem (%I%() @%E N ﬁﬁ%ﬁ%*ﬂ@%l%ﬁ%ﬂ%ﬁz FEEJ Egﬁ\ inspect.Parameter
class, function T i, DA PEP 362,

path entry (¥4#5iH )
teimport path. (3| ABAE) 0 (ERIE, Miparh based finder (GERBAERITMER) Fr2% ZAIRAT
$32 import HOKAL,

path entry finder (4750 H =B 2% )
¥ sys.path_hooks H1—1{F ] FENY # {4 (callable) (&Rl —1{fpath entry hook) By [n{E ¢ — T finder, &
B QuAn] PA— 1l path entry & A4 .

B A R AR TE B A2 BEAE Y method, 752 (F] importlib.abe.PathEntryFinder,

path entry hook (pP&f%1HHTE)
1t sys.path_hooks F|FH 1) —{@ AT FEIY ) £F (callable), 7 & FN3E AATHE — 8 F¢ & Bpath entry g
R, g Bl path entry finder (BESIEH FAGET) o

path based finder (J%Ji %15 =525 )
FEFRHY TUAAE F 48 82 (meta path finder) Z —, "B fE—{fimport path F1 {82441

path-like object (FHPRISHI1E)
—HRE R RGBSR B ] DR — R B8 str 5 bytes Y1, s —E
{E os.PathLike WEMYE. BB os. fspath () K, —fZX% os.PathLike W ERYE
A A EEIE] str 8 bytes R R FIKEE; 1M os.fsdecode () M os.fsencode () HIAMEIR H R
R str } bytes B4R . B PEP 519 5] A,

PEP
Python Enhancement Proposal (Python 34[EJ$222). PEP 22—k #HERA 3044, B REE) Python #HBEIR L%
#f, B2dHA Python [1)—H# D) REE % DI RERIFE 7 FIBEEE . PEP JER% BLPL L R B4R B i DA S e b2
ZEIRENEE R

PEP (77AE H I, R MEE GO fEAHE S . AL B A S B R A 7 RE . DA E A Python
ozt EsR ), S B AAY 3A%H] . PEP (Ol st Dy M B S .
#2([E PEP 1,

portion (%))

TR —HE AR (BT R AE—MH zip B ) , (B LA SR AEH (M iy 25 M £ (namespace
package) F FTERK, 4NfF PEP 420 FPESR.
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positional argument ({3 ¥4 5|4

52 (Flargument (5]35).

provisional API (¥47 API)

W4T APLIZHE, FEAE o ORI [ SR AH 251 (backwards compatibility) SR, #CRBEHERRY APL. BEZR
RO, HREEMutoREE T, M EERafERmEE, HRE oA BRERBE,
ARG Bl R A A I S (=R RN . S IR b U AP
A BIR B B R AR Pt ga s, B4 g8,

g A 4T AP, [ AR S T W iE [ RENRE TR — M B, 1)
SREr T ek — 1 AR A A R E DT %

T2 {1 30 A (A5 v o =X, B O TR TS BT A, T S R AR ) I P 25 B A R R A et Bl et . 7
2[F) PEP 411 T B 240 .

provisional package (¥11£:1k)

st [Flprovisional API (%47 API),

Python 3000

Pythonﬁ-x FHVA R ERE (RAAETRIER, H WSS 3 MW R EE AR 2, ) 1 m] DA 5 [
[ Py3k].

Pythonic (Python JEUK& )

—AAREE —BeAE A, M T Python A B S IOEUNGE, AN A R AR A
RS, (i, Python rhi iy —REEME MWL, RMH—MM for BuAs, H—MuERYF1IrG
TCRMEATEIE . 2 HAbRE = DEA SRS A, IT AR #AZ Python (¥ A IRF 6 6 — (L (E
WA A

-
for i in range(len(food)):

print (food[i])

HBZN, AR IAEERER . BAA Python JEl# :

for piece in food:
print (piece)

qualified name (Pl %F5)

— i [ RE ], BRI AV TR R A b E 61 class, BRa(E method Y [ %
&1, 40 PEP 3155 Wiy iE s, R TR class T 5, FR5E 24 REELECY) (144 FRAR T -

p
>>> class C:

class D:
def meth (self) :
pass

>>> C.__ _qualname___

YCV

>>> C.D.__gualname_
IC.D'

>>> C.D.meth.___qualname_
'C.D.meth'

wRGRALAHRE, T ATRE & & (fully qualified name) j& F7R %A SE R B A B AR, AR AR
LM, Hlil email .mime.text:

>>> import email .mime.text
>>> emaill.mime.text. name
'email .mime.text'
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reference count (Z2W314)
R — Y 2 BRI 2 BT R SR, B a9 RAECE (deallocated). A
e TR (immortal) | [EIHEA A € ool 8 i 2 st ., R GE RN SRR E. 21K
18 5 7E Python FECAS P& R, (B ERCPyhon BN — MBS CER. R DAY
getrefcount () bRz MIME—E R e 140 2 BT

regular package (FHI£F)
—E S package (), BlI—@EEA _init_ .py HEMHIE.

Wt Flnamespace package (f44 25 BB .

__slots__
T class [FRRIG—H S5 kb B E S B OB EM 25 #, DAIEFR BB dictionary (FlL), REHIA FLIE
o MESRRZ TR, (H A B DO, S DR BR 4 IR AE — Rl /R S PR 9 (memory-critical)
(i AR e KB I 5 G .

sequence (J3E41)
—AWliterable (FJIEMCIME), Bi%iH _ getitem_ () special method (JpikF5¥E), i B #ET K%
TR T EER, EEFK T MM __len_ () method ZR[EHzZ)IFHMEE . —EHTHHFH
¥ list, str, tuple flbytes, i, MR dict BW¥$E _ getitem () fl__len_ (), {H
ERHEIE R (mapping) A 2741, HEEE &y 20U (0 AL B immuiable 8, A58 .

£ R HEIE) (abstract base class) collections.abc.Sequence E 3% 1 — 0 1 & & i\ 1
AEIRA _ getitem_ () 1 __len_ (), EM¥IT count (). index (). _ _contains__ () fll
__reversed__ (). EEMIEFTNHAEE, WA register () #AMEMEIE. 528 iRF
TrYER SO, w5 R RPN ERAE
set comprehension (&4 HEHE)

—FEZE M, AR AT B 1 b g AR R A e 3, (K B R A5 SR DA set [m] .
results = {c for ¢ in 'abracadabra' if c not in 'abc'} €FAE—({FF set: {'r",
'd'}, #E2[E] comprehensions.

single dispatch (¥.—Jd))
generic function (JZZIpRR) PHREM—RIE, e, FOMEMYBEIRR SR 5| B R(E.

slice (YJ})
—{HP U, B — Brsequence (JFFH) WIRE—B43 . BT —BY R B9 YA 2 R AEEA55% (subscript
notation) [], ZEA M MET, AAEMF L HMEME, Flil variable_name[1:3:5]. {EFEE
(M) FroEmElRs, e slice Y4,

special method (¥55%J5i%)
— T @9 Python [ BN method, F A3 HAEZEIAT R @S, Blinhnyk. &7 method (1944 F
Err B EE AN 45 B2 Wil T IEE]. Special method 7 specialnames Fr A7 ZE4HEIHH .

statement (JiiA)
PR (suite, —(EFEMG [E]) PE9—5. BRI UG —{Rlexpression (FEE ),
BESHEBEY (Hlif. while Bf for) MEZMaiEY—.

static type checker ([FJEXIFIRAES)
@ Python FE2UASEI TSNS LR, REEIRHEE R, B2MH TAREMRMATE. HikzE2(ri
7= (type hints) DA typing #4H..

strong reference ([F/Z)
1E Python ) C API 1, [E)2 RUE SIS I, W IEERA %2 MR Es . 8 2 s
WBIFI] Py_INCREF () H#fHE2 M. [ER2 MiEEiR Py_DECREF () BRE2 K.

Py_NewRef () pRaA] R E . — W LHE2 . @E, 70E B E2 EAE R b, wELEZE
2 [N py_DECREF () PRz, PAEHGER—H2HE.

Fik2Elborrowed reference (2 MR).
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text encoding (3L )
Python H [ 5~ Ef 22— Unicode 2L (code point) )55 (#i[EFE U+0000 -- U+10FFFF 2 [H]). #Efd
FEEE L R, B AT IR E— A e AT 51

ﬂ%‘r*ﬁl?%f?ﬂ%&ﬁ%ﬂ?ﬁﬂ, FRE) T4, A7 7040 7 5 88 v % - ep U RRE) [R5
(decoding) |,

A ZREARIFI SCTF P PSR A (codecs), EMBESRE [0 Mis 1.

text file (SCTRER)
—E BRI B A st PRI —ARlfile object (FEZPINF) . BH, CFHEEE LR FH o5 A
[ &AL (byte-oriented datastream) [F€r [ B i Hlrexs encoding (SCFHifl§) o CFRERMIBITH: PALF
B ('rrEk 'w) BEIAEZE. sys.stdin, sys.stdout PAK io.StringIO BEH.

2 Ebinary file (ZHENAER), B2 —AEEEREBNE A8 1504 $ 1 (bytes-like object) IR W)
4,

triple-quoted string (= 5| 9EF)5z)
A =555 () S5 158 O) MEERRA M8 . 8RS MEEE FALER 351 555 o A3
NG, (HERFFZEEAE, B RA A, SR n] AZE 7 P 5 A BEE] (unescaped) fY#5|
SERIEES 98, M HEMAS T 8 A #4850 (continuation character) 5t FI AFS#R 24T, &M EMAEMS
(A -5 R E .

type (Z[E)
—{ Python ¥ (EIEE T & & HERE W F: SEpEa —MmaE . — @i 3E T AR
B __class__ BHAAEEL, BPA type (ob7) AR,

type alias (JU[EIE%)

—(EBIEI [ 3657, A BENS & 44— ER(E)RF (identifier) SR

HFE)4 E R E R [EIR 7 (type hing) RAG . BN

def remove_gray_shades (

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

.

ADARSGERK, BEEA AT

Color = tuple[int, int, int]

-

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

#2[F] typing Al PEP 484, 45 IWINRERHEA .

type hint (ZI[ElHEA3)
—TMannotation ([EfE), EFE—MEE. — class J& ok — {0 b8 =X it 22 ok (o] 8 A TR L (ED.
5

BIER R S ey, A2 9% Python IRy, HEMEHE &2 [Fl# & % (static type checkers) R4
[EJfE1# B IDE 52 i X Al 4% (completion) FIE# (refactoring).

AIEEAH. class JEEFIRE (R & Wit s) MBERR R, #50T DAMH typing. get_type_hints ()
RAFHL

w2 typing Fll PEP 484, A I IhREMIEA

universal newlines (3fi)HI[ElfT5C)
— T i w8 SCF U (text stream) [ 5K, @ AR Ir A B G [E)RRE)E]-— A7 B &5 )0 Unix 47 RBAEH] '\
n'. Windows &% '\r\n"' FI & Macintosh &% '\r'., #52([F PEP 278 1 PEP 3116, DA K& A
bytes.splitlines () W&,
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variable annotation (%ZI([FIF%)
— {5, class B M annotation ([EIRE) .

(R 8 Bk class Py, RO IR :

class C:
field: 'annotation'

SEWERRE B R EWR T (type hint): G0, SRS BEH GRS int (CBH) E:

[count: int = 0

VR e annassign TEE AT REAIOARRE.

52 function annotation (RERE) . PEP 484 Fl PEP 526, ¥& HWIhgemdiik. BAERNREE
Bk, 72 [E annotations-howto .,

virtual environment ([FJ3E5aEs)
— 1 1% 1 B B (cooperatively isolated) [ ¥4 TEI S, AERHE Python (%) I 2 Al i Fi #2205 DAL AT 8]
Python ##[EVEF:, i A G [H —(8 R &0 _L#EA T HoAh Python JE A2 A7 EEAE T8 .

Witz venv,
virtual machine ([E5ERERS)

— 54 RS AT E AU B (computer). Python [ [FEEME 28 Er3 AT Hbyrecode (HiJCHLRE) 422 it
B AT .

Zen of Python (Python Z[E])
Python gt 5 R BT B0 51 35, HLEIAA B R FEARAN G GG = . AR AT A 7E 1 B Ui X T
REA [import thisl] FRIIE.
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APPENDIX B

BARIELEFIRA S 14

15 LB S 28 Sphinx  (—{# 5(E] Python [EJWA SR 85 1 SRR BERS ) M0 reStructured Text 4#57
PR B L A A T o

4l Python [ &, iith H A1) %5 1 I SCPRELERHEAR H BT TR . F AR IR A ik, 75 52 reporting-
bugs EUTE, [EVSAHBA A FoAM i Balpy BB A

it
* Fred L. Drake, Jr., J§ilf Python SC{ T HAEM Al A K —FEB I EIA 1ERS ;
* A3 reStructuredText F1 Docutils T 41/ Docutils B2 ;
e Fredrik Lundh 454, Sphinx #¢//#) Alternative Python Reference #1#| 1 #1521 F & .

B.1 Python {898 BRKE

7% A\#RH[E] Python 1& 137 . Python 121 ik X AN Python [EJRA SCAFET MR . Python FT#(EIfY 5 AA RS &
A ERCEREH, @5 R Misc/ACKS ,

TEFAE] Python A (1488 g B B8R A 4 3 35 [EDRR A [ET ] SO - e T A B R g AL A !
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apPENDIX C

C.1 &icio

Python 2 H 17 i BCEE N 5 MR B2 T 5T B2 €5 (CWI, L https://www.cwi.nl/) ) Guido van Rossum Jji& 1990 4f
REWFTAGE, HiyR/EE—ERE ABC RS B E . [F4F Python 15 T #FZ K A HAL A E L, Guido
e EEES.

1995 4F | Guido 7E#4E 7 Je SN BRI i B K AHF 57 A 5] (CNRI, F, https://www.cnri.reston.va.us/) 445 b7
Python () T4, [EFERREIEEE) T 3% K #8122 1 LA .

2000 4£ 11/ , Guido il Python £%.0» B %% [ B i##% 31] BeOpen.com [Eljf(572. T BeOpen PythonLabs [#EX . [F]4FE+1 1,
PythonLabs [ [ ###% 3| Digital Creations (i [F] Zope Corporation; &, https://www.zope.org/) . 2001 4F, Python
WA EL G & (PSF, B https:/www.python.org/psf/) ST, & & S EHEF Python B 1)k A TR I A1) 57
Y FE FIALAL . Zope Corporation & PSF f—fi# I 5.

Jir A7 14 Python AR BRUEHY (B BRURAY € F€, 2[E hitps://opensource.org/), FEH b, KZHMAIEETRHY
Python fitAs, t1/2 GPL AHZ I ; DAT FAsHa4: &8 A i 22 (B

BOREA BB F1n wEE GPL &% 7

09.0%F 1.2 A 1991-1995 CWI 2
132152 1.2 1995-1999 CNRI 2
1.6 1.5.2 2000 CNRI &
2.0 1.6 2000 BeOpen.com 7§
1.6.1 1.6 2001 CNRI =
2.1 2.0+1.6.1 2001 PSF 5
2.0.1 2.0+1.6.1 2001 PSF 2
2.1.1 2.1+2.0.1 2001 PSF 2
2.1.2 2.1.1 2002 PSF =
2.1.3 2.1.2 2002 PSF =2
22 PAE 2.1.1 2001 £4- PSF 2
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#E): GPL AHZAEEIRFRIL/E1E GPL N #5[E Python. A% GPL, Fify ) Python FZHEHSH] DA 85 [E) & ik
RIHAS, AR A G 8 S IR IR . GPL AHZS I B HERLAS: Python WT DA% A HoA/E GPL T 85 [Efty ik
BRI (HEERERERIAT.

IR 2SN T, £ Guido FRE NIATH, FfHE LA 1 B [ERIE AT A

C.2 FANREMHLIEMFGXER Python I SHER

Python #CHFIEIA SR IZHE R B R PSF 42 AE &4

% Python 3.8.6 Filf, [EIWISCHhiyaisl, R AR, 298 HIZHE (dual licensed) i PSF #Z2HES
#1DA K Zero-Clause BSD 3% 4 .

AL Python H SRS R BLR AN R HE . S LR RENS & B SR AU — R i i . B E S8 4%
MR SERIE R, TS0 (E S a8 a9 42 HE f2 3038 .

C.2.1 ¥ PYTHON 3.12.3 §Y PSF 1% &1

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

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

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

2. Subject to the terms and conditions of this License Agreement, PSF hereby
grants Licensee a nonexclusive, royalty-free, world-wide license to.
—reproduce,
analyze, test, perform and/or display publicly, prepare derivative works,
distribute, and otherwise use Python 3.12.3 alone or in any derivative
version, provided, however, that PSF's License Agreement and PSF's notice.
—of
copyright, i.e., "Copyright © 2001-2023 Python Software Foundation; All_
—Rights
Reserved" are retained in Python 3.12.3 alone or in any derivative version
prepared by Licensee.

3. In the event Licensee prepares a derivative work that is based on or
incorporates Python 3.12.3 or any part thereof, and wants to make the
derivative work available to others as provided herein, then Licensee.

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

—Python
3.12.3.

4. PSF is making Python 3.12.3 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 3.12.3 WILL NOT INFRINGE ANY THIRD PARTY RIGHTS.
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5. PSF SHALL NOT BE LIABLE TO LICENSEE OR ANY OTHER USERS OF PYTHON 3.12.3

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

MODIFYING, DISTRIBUTING, OR OTHERWISE USING PYTHON 3.12.3, 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 3.12.3, Licensee agrees
to be bound by the terms and conditions of this License Agreement.

C.2.2 ¥ PYTHON 2.0 ) BEOPEN.COM B &

BEOPEN PYTHON BRVRBZHES K156 1 iR

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

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

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

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

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

BT 1)

C.2. ANFRHLIEMMFAMEA Python BSIIER 85




Extending and Embedding Python, %([F] 3.12.3

(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 g CNRI iR &#

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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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 gy CWI 1R{EEH

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 f}* PYTHON 3.12.3 [FlE3 442X &/ ZERO-CLAUSE BSD i%1E

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 #usr(F#kRany iR 8 MBI

AT A S R O Y R SR G B, B2 AE Python FEEICAS H P [Ei 55 =ik i .

C.3.1 Mersenne Twister

random 4 JiE N ) _random C ##% 78 #2 =L & 7T PA http://www.math.sci.hiroshima-u.ac.jp/~m-mat/MT/
MT2002/emt19937ar.html f F#REIFEERAFERE. PAN 2 FEGRA SR sg g -

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

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

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

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

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

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

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

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

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

socket A ] getaddrinfo () fl getnameinfo () KR, B4E WIDE BZ (https://www.wide.ad.jp/)
(B, AT [ ) S e 5 vl i G -

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 FEE ¥ socket JRIE

test.support.asynchat fl test.support.asyncore FAA SR :

Copyright 1996 by Sam Rushing
All Rights Reserved

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

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

http.cookies HiZH L& DA AR :

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& DA
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 &E=

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 ZEimig gy

xmlrpc.client BALEE AN

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 FAHM S PATEMN:

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 MIAL {5 LA 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

BT 1)
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(M L—H)
OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF
SUCH DAMAGE.

C.3.10 SipHash24

Python/pyhash.c {52540 % Marek Majkowski’ 37 Dan Bernstein [ SipHash24 {2 EAE. BOSAT
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 Hi dtoa

Python/dtoa.c R T C [ dioa Fl strtod B, FARAG C AR B 17 B M 2 5 B AEE). %A%
L 2f1H: B David M. Gay 8T IR ZHEZE, B BAER] PASE https://web.archive.org/web/20220517033456/http:
/lwww.netlib.org/fp/dtoa.c F#. 2009 4 3 H 16 H s 2= 04 IR iA 2265 DA URE B RZ 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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(M L—H)

*

***********************************'k***************************/

C.3.12 OpenSSL

A2 OpenSSL e XA HAE3E R A M, W hashlib, posix. ssl. crypt Bl & € A4 THRHE
IEAh, Windows FI macOS fJ Python 44 f2 5 n] fE 40 & OpenSSL R sURHRGEIA, B AT Mt AE i [E]
OpenSSL #ZHERYEIAS . %77 OpenSSL 3.0 JUAN DA K i AT A (4 SE B A Ui ] Apache R AT v2:

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

TERMS AND CONDITIONS FOR USE, REPRODUCTION, AND DISTRIBUTION
1. Definitions.

"License" shall mean the terms and conditions for use, reproduction,
and distribution as defined by Sections 1 through 9 of this document.

"Licensor" shall mean the copyright owner or entity authorized by
the copyright owner that is granting the License.

"Legal Entity" shall mean the union of the acting entity and all
other entities that control, are controlled by, or are under common
control with that entity. For the purposes of this definition,
"control" means (i) the power, direct or indirect, to cause the
direction or management of such entity, whether by contract or
otherwise, or (ii) ownership of fifty percent (50%) or more of the
outstanding shares, or (iii) beneficial ownership of such entity.

"You" (or "Your") shall mean an individual or Legal Entity
exercising permissions granted by this License.

"Source" form shall mean the preferred form for making modifications,
including but not limited to software source code, documentation
source, and configuration files.

"Object" form shall mean any form resulting from mechanical
transformation or translation of a Source form, including but
not limited to compiled object code, generated documentation,
and conversions to other media types.

"Work" shall mean the work of authorship, whether in Source or
Object form, made available under the License, as indicated by a
copyright notice that is included in or attached to the work

(an example is provided in the Appendix below) .

"Derivative Works" shall mean any work, whether in Source or Object
form, that is based on (or derived from) the Work and for which the
editorial revisions, annotations, elaborations, or other modifications
represent, as a whole, an original work of authorship. For the purposes
of this License, Derivative Works shall not include works that remain
separable from, or merely link (or bind by name) to the interfaces of,
the Work and Derivative Works thereof.

BT 1)
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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

(M L—H)

C.3.13 expat

BRAEfE B pyexpat JEARFREE ——with-system-expat, #HREHFTEH—MHEE expat FIHHE ]

AR

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

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

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

THE SOFTWARE IS PROVIDED "AS IS", WITHOUT WARRANTY OF ANY KIND,
EXPRESS OR IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE AND NONINEFRINGEMENT.
IN NO EVENT SHALL THE AUTHORS OR COPYRIGHT HOLDERS BE LIABLE FOR ANY
CLAIM, DAMAGES OR OTHER LIABILITY, WHETHER IN AN ACTION OF CONTRACT,
TORT OR OTHERWISE, ARISING FROM, OUT OF OR IN CONNECTION WITH THE
SOFTWARE OR THE USE OR OTHER DEALINGS IN THE SOFTWARE.
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C.3.14 libffi

BAEAE# B _ctypes BAUK N _ctypes AR EE] ——with-system-1ibffi, HHIZETEH
— S Tibf R A% i A e

Copyright (c) 1996-2008 Red Hat, Inc and others.

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

The above copyright notice and this permission notice shall be included
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

WARAE 5 E BN 21ib A A DABOR VA F R 8 2 1ib 78, Wi st & —MES 2dib Jaa i &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 {#FH¥4EEIZE (hash table) BAE, 12 DA cfuhash BLZE([FI3LRE:

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

KrAEfE 73S decimal BiZHJE T _decimal C AR EE ——with-system-libmpdec, 75 HIEtE
A6 F—fHE)Er libmpdec bR (14 Ell A S 7

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. 1IN NO EVENT SHALL THE AUTHOR OR CONTRIBUTORS BE LIABLE
FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL
DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS
OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT
LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY
OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF
SUCH DAMAGE.

C.3.18 W3C C14N H|sXEH

test R HH C14N 2.0 HIFAEM: (Lib/test/xmltestdata/cl14n-20/) 24 W3C #8uG https://www.
w3.org/TR/xml-c14n2-testcases/ #ehgzz, H 2R 3-clause BSD 1% figh 2% (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 1 &H {# il SoX HZE Ry ¢771.c i E FHIFE R . https:/sourceforge.net/projects/sox/files/sox/12.17.7/
sox-12.17.7 tar.gz

BEPEACHD 2 Sun Microsystems, Inc. f)7 fit - il JC R BT o JH 7 AT DASE DL el A2 st P AR 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.

PR Sun JEACHS AP B AR 32 H 9 H. Sun Microsystems, Inc. 34 U4 PRI . HESE . &
A

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.

TEALATRE SR Sun Microsystems, Inc. JRXHEAIS A BRI s FOMAERRRIG . (08 R R 221
B, IR Sun CUBEAIRT A 4 K

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

C.3.20 asyncio

asyncio BEHIHMNEIZ ¢ uvloop 0.16 Hl IR A, HAELH MIT SZHEACHEE:

Copyright (c) 2015-2021 MagicStack Inc. http://magic.io

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

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

THE SOFTWARE IS PROVIDED "AS IS", WITHOUT WARRANTY OF ANY KIND,
EXPRESS OR IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE AND

NONINFRINGEMENT. IN NO EVENT SHALL THE AUTHORS OR COPYRIGHT HOLDERS BE
LIABLE FOR ANY CLAIM, DAMAGES OR OTHER LIABILITY, WHETHER IN AN ACTION
OF CONTRACT, TORT OR OTHERWISE, ARISING FROM, OUT OF OR IN CONNECTION
WITH THE SOFTWARE OR THE USE OR OTHER DEALINGS IN THE SOFTWARE.
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APPENDIX D

=
i
|mit
If

Python 13z 3 [EJHA SCH4- 04 IURE :

Copyright © 2001-2023 Python Software Foundation {3 & —HJHEF] .

Copyright © 2000 BeOpen.com {4 i — I HEF]

Copyright © 1995-2000 Corporation for National Research Initiatives {4 &4 —JHEF
Copyright © 1991-1995 Stichting Mathematisch Centrum {88 —4JJHEF) .

SERMR R G 2 05 .
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